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Abstract - As the features and characteristics of six-generation (6G) connectivity are defined, advanced technologies such as multiple-
input, multiple-output (mMIMO), non-orthogonal multiple access (NOMA), and reconfigurable intelligent surfaces (RISs) are becoming
more important for many Internets of Things (loT) uses. This study comprehensively and uniquely investigates the impact of RIS on the
effectiveness of NOMA download (DL) mMIMO systems in the loT environment within the context of the 6G network. This work aims to
analyze the impact of including the RIS in the spectral efficiency (SE) and capacity performance of proposed hybrid system-enabled
10T setting device distributions, such as clustered and hotspot configurations. It highlights the ability of RIS to optimize wireless latency
communication and throughput, depending on the mobility and density of loT devices, respectively. The proposed methodologies are
assessed through a simulation software application, under unstable channel conditions with varying distances and power locations
while accounting for 256-quadrature amplitude modulation (256-QAM), frequency selective Rayleigh fading, and successive interference
cancellation (SIC) context inside the 6G network environment. The results indicate that the four IoT groups (50, 100, 150, and 200) achieved
capacity improvements of 5.84%, 5.81, 5.78, and 5.8%, and SE increases of 5.759%, 5.755%, 5.753%, and 5.84%, respectively, when utilizing
RIS compared to their performance without it. The implementation of RIS yielded latency rate enhancements of 16.44%, 12.24%, 9.75%, and
8.1% across all four loT groups, respectively, at a mobility speed of 120 Km/h. Each of the four loT groups had throughput enhancements of
26%, 25.6%, 25.3%, and 25%, respectively, while using RIS within a coverage area of 400 square meters (sqm).
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1. INTRODUCTION (mMIMO), beamforming, and edge computing. None-
theless, sixth-generation (6G) aspires to surpass 5G in

The fifth generation (5G) represented a substantial architectural design.

advancement in network design, incorporating cru-

cial technologies such as network slicing, centralized 5G has yielded significant economic benefits, en-

radio access networks (C-RAN), and improved mobile
broadband. It facilitated reduced latency, increased ca-
pacity, and enhanced service flexibility with technolo-
gies including massive multiple-input multiple-output
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abling progress in autonomous vehicles, industrial au-
tomation, and smart city development. However, 6G
is expected to have a far higher impact, driving digital
transformation throughout all sectors.
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Numerous individuals assert that the emergence of
6G would herald a new technological epoch defined by
the transmission of vast digital data among intercon-
nected devices, humans, and automobiles. This interac-
tion will build a self-sustaining ecosystem based on de-
velopment and life. This ecosystem will utilise artificial
intelligence (Al) to provide novel services.

The Internet of Things (loT) is fundamentally trans-
forming our way of life. It profoundly modifies human
interactions with one another and their surroundings.
According to the loT concept, connections may be es-
tablished across all entities and individuals [1, 2]. It is pro-
jected that by 2025, the number of loT devices will have
surpassed 100 billion, marking an unparalleled surge.

Many believe that the arrival of 6G will begin a new
technological age in which interconnected devices,
people, and cars will exchange vast quantities of digi-
tal data. Through this connection, an ecosystem that
is self-sufficient and based on both development and
life will be developed. This ecosystem will use artificial
intelligence (Al) to provide novel services. The loT is
fundamentally transforming our way of life. It funda-
mentally reconstructs how individuals engage with
one another and with their surroundings. Following
the loT paradigm, it is possible to establish connections
between everything and everyone. The proliferation
of loT devices has been experiencing an unparalleled
surge, with certain projections indicating that it may
surpass 100 billion by the year 2025 [3-7].

Smart applications in many fields, including health-
care, smart cities, and industrial automation, are made
possible by the loT. A network is a collection of inter-
connected devices capable of direct communication
with each other. With billions of devices relying on 6G,
the loT is anticipated to function at a large scale, neces-
sitating low latency, and great reliability. Efficient man-
agement of spectrum resources and ensuring robust
connectivity are essential for the effective service of a
vast number of loT devices [8].

To achieve the criteria of 6G, including minimal latency,
optimal spectral efficiency (SE), feasible data rates, user
fairness, and communication with a large number of de-
vices [9], the non-orthogonal multiple access (NOMA)
approach has been introduced, as described in [10].
NOMA is a crucial technology in wireless systems that
improves spectrum efficiency. In contrast to convention-
al orthogonal multiple access (OMA) systems, NOMA en-
ables several users to exploit the same frequency band
by distinguishing them based on power levels [11]. This
facilitates concurrent transmission to many users, en-
hancing system capacity and ensuring equitable treat-
ment of users, particularly in situations characterized by
a dense concentration of loT devices [12].

The mMIMO means putting a lot of antennas at the
base station (BS) so that it can serve a lot of customers
at once. This improves SE and coverage. mMIMO s es-
sential in 6G to meet the significant data throughput

and low latency demands of loT applications. It also im-
proves the network's ability to manage the considerable
connectivity required by loT [13]. Recently, researchers
have explored NOMA in mMIMO systems to improve
spectrum efficiency [14]. A significant step towards bet-
ter service quality has been the merging of these two
technologies, especially when using huge devices in the
loT, as well as addressing two important challenges, in-
cluding massive connectivity and low latency.

Reconfigurable intelligent surfaces (RISs) are surfac-
es that are fitted with programmable components ca-
pable of reflecting and manipulating electromagnetic
waves in a desired way. In 6G, the RIS is strategically
implemented to boost signal quality, expand cover-
age, and optimize the performance of loT devices by
dynamically adjusting the wireless environment.

Different from current solutions, RIS regulates wireless
environment behaviour deterministically and program-
matically. The majority of RIS implementations use 2D
metasurface arrays. Tuning each element's phase shift
skill fully changes signal propagation. Communication
ancillary technology like amplification and forwarding
relays uses more energy than RIS [14]. RIS technology of-
fers a fresh approach to improving NOMA system perfor-
mance by recreating the wireless environment; hence, we
are strongly encouraged to incorporate RIS into NOMA
[15]. The study examines the constraints and potential
complications of traditional NOMA as user numbers rise,
attributed to successive interference cancellation (SIC) at
each user. Space-time block code-assisted NOMA (STBC-
CNOMA) needs fewer SICs than traditional NOMA [16].

They thought about a communication setting where
all users are the same, with NOMA users clustered to-
gether. In their studies, the writers of [17-19] looked
at the issues with resource management in multi-cell
MIMO networks. For instance, to maximize the users'
total capacity, the writers in [20-22] offered a less-than-
ideal plan. Their findings demonstrated that NOMA sys-
tems can still achieve considerable gains in user capac-
ity when inferior approaches are used.

Moreover, [23] investigated the benefits of RIS in a
parasitic radio (SR) system. The authors devised pas-
sive and active RIS and BS beamforming to reduce BS
transmission power. These designs were based on two
constraints: the rate constraint for core communication
and the signal-to-interference-plus-noise ratio (SINR)
for decoding backscattered signals.

The system models in references examined networks
with users using a single antenna throughout the net-
work, therefore constraining the productivity of loT de-
vices. For instance, in order to maximize the users' total
capacity, the writers in [24- 27] offered a less-than-ideal
plan. Their findings demonstrated that NOMA systems
can still achieve considerable gains in user capacity
when inferior approaches are used.

Moreover, [28] investigated the benefits of RIS in a
parasitic radio (SR) system. The authors devised pas-
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sive and active RIS and BS beamforming to reduce BS
transmission power. These designs were based on two
constraints: the rate constraint for core communication
and the signal-to-interference-plus-noise ratio (SINR)
for decoding backscattered signals.

The system models in references [29, 30] examined
networks with users using a single antenna throughout
the network, therefore constraining the productivity of
loT devices.

The majority of the prior work on IRS-enabled NOMA
systems was based on the premise of a perfectly stable
channel, which is not feasible for real-world situations.
However, further investigations are still needed to im-
prove the performance of RIS and NOMA. This work
mainly highlights the following contributions:

«  This study examines the effects of implement-
ing the RIS in a mMIMO DL NOMA-enabled loT
environment. By implementing RIS, the research
demonstrates substantial enhancements in both
capacity and SE across different loT user distribu-
tions, showcasing the capability of RIS to optimize
wireless communication systems in 6G networks.

The work investigates the efficiency of NOMA
systems throughout various distributions of loT
devices, including clustered and hotspot setups.
Incorporating user distribution patterns into the
simulation enhances its realism by accurately rep-
resenting the impact on system performance and
exploring the system's scalability and strategies
for efficiently combining mMIMO systems with RIS
to enhance the overall performance of NOMA sys-
tems in loT networks.

The paper looks at how well IoT devices handle la-
tency at different mobility speeds with and without
RIS. It gives useful information about how well RIS
works in different situations by looking at unstable
channel conditions, Rayleigh fading, and SIC. We
aim to enhance the system's realism, emulate the
actual environment, adhere to design constraints,
and boost its performance.

The following is the structured rest of the article. A
concise review of the pertinent literature is presented
in Section 2. The mathematical formulation procedures
and the network model specifics are detailed in Section
3. The suggested system parameters, findings, and dis-
cussions are presented in Section 4. Section 5 offers final
thoughts and recommendations for further research.

2. RELATED WORKS

The study in [31] provides a clear and thorough ex-
planation of RIS technology, addressing its rationale,
applications, and locations of usage, while also discuss-
ing the challenges and corresponding solutions. How-
ever, the case study was extremely inadequate in terms
of the number of users. [32] provided an extensive
overview of RIS systems, emphasizing their operational
principles, performance assessment, development,
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design, and interaction with other new technologies.
Nevertheless, the issues confronting RIS technology
during congestion or mobility and their effects on per-
formance were not recognized.

[33] examines NOMA utilizing RIS, concentrating
on enhancing power allocation for each user and
bandwidth configuration in RIS, while guaranteeing
compliance with minimum rate, latency, and reliabil-
ity standards. The numerical findings indicate that the
suggested strategy attains an acceptable rate. The sys-
tem is predicated only on optimizing power allocation,
which presents a constraint as the cumulative power
allocations total one and are distributed at varying
rates dependent on the number of users and their re-
spective locations. The developed NOMA system with
RIS partitioning improves SE by increasing user fairness
and ergodic rate [34]. The balanced sum rate, outage
probability, and user fairness performance of the pro-
posed system beat the benchmark systems. The pri-
mary concept is around the partitioning of RIS; yet, the
system has not been thoroughly examined, particularly
concerning significant aspects like interference.

Two successful IRS-based channel estimate algo-
rithms for different channel parameters in a multi-user
broadband communication system with orthogonal
multiple access (OMA) are proposed in [35]. The find-
ings demonstrate that the suggested channel estima-
tion techniques and training strategies outperform
comparator systems. NOMA surpasses OMA since the
BS consistently determines the user's position and
transmits the appropriate power, hence enhancing the
implementation of these approaches and yielding bet-
ter outcomes. The use of IRS to improve coverage by
facilitating communication between the cell edge user
device and the base station is examined in [36] for both
DL and uplink (UL) NOMA and OMA networks. When
compared to complete decoding and forward relay,
the findings show that IRS is far better. However, the di-
mensions and spacing of cells for RIS to accommodate
edge users remain undetermined.

For signal cancellation-based RISs in the MIMO
NOMA network that supports concurrent users, a novel
passive beamforming weight design is offered [37]. Ac-
cording to the findings of the analysis, inter-group in-
terference may be eliminated by using a high number
of components. In contrast to the anomalous reflector
scenario, the diffuse dispersion scenario requires line-
of-sight for the BS-RIS and RIS-user connections, which
causes shortcomings in this methodology. The mMIMO
BS with RIS powers loT devices wirelessly and enables
multiple data users. The BS's precoding uses dual-band
transmission and an instantaneous stable channel,
whereas the RIS's passive beamforming uses a progres-
sively moving statistically stable channel. Pilot con-
tamination and channel estimation errors were used to
generate closed-form formulae for loT device informa-
tion user SE and average power [38]. Nevertheless, the
mechanism for the distribution of loT devices and the
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sort of network employed remains undetermined. The
following Table 1 provides a very simplified and com-
parative analysis of our work with previous literature,
with a brief explanation of our contributions.

Table 1. Comparison with previous literature and
contributions to the paper

Device
NOMA mMIMO Mobility 6G

Author’s Name 10T RIS
C.Pan (2021) -
Y. Liu (2021) v

Z.Ding (2023) -
E. Basar (2022)

B. Zheng (2020) -
Y. Cheng (2021)
T. Hou (2020)
H. Q. Ngo (2024)
This work

PP NP PSP YRS
PSR

RN
RO

3. SYSTEM MODELS

Assuming the loT setup using mMIMO and downlink
(DL) NOMA, we will determine the system's primary
components and how they interact with each other, as
shown in Figs. 1 and 2.

Huwithout RIS

Hwithout RIS

(W

Group of loT
Device in

Obstacles
- one Cluster

Fig. 1. loT mMIMO DL NOMA system without RIS

technology
RIS
Controller | | g
Huwith RIS
Hwithout RIS =
() thaseums
| HuithoutRis
Group of loT B
BS Obstacles Device in

one Cluster

Fig. 2. loT mMIMO DL NOMA system with RIS
scheme

The BS has an array of 128 x 128 mMIMO antennas. By
distinguishing between users' power levels, the BS en-
ables numerous loT devices to share the same frequen-
cy band through NOMA signal transmission, and each
loT device has an antenna [39]. In the given case, the
clustered distribution model involves grouping devices
into clusters and the Rayleigh fading channel model is
utilized to characterize the wireless channel between

the BS and the loT devices. The channel model incorpo-
rates path loss, antenna gains, RIS enhancement, and
mobility effects. Frequently, this assumption accurately
represents the actual signal issues and challenges that
devices encounter in specific regions.

Under the same prior assumptions, the proposal sys-
tem engages with the RIS in the second scenario. In this
configuration, the base station employs the identical
mMIMO architecture as previously to engage with sev-
eral loT devices. The channel matrix H represents the
mMIMO system that consists of N, broadcast antennas
and N, _receive antennas, HEC"#"1x). The channel ma-
trix H between the BS and an loT device in the mMIMO
system is denoted as:

_ _ LG
T NpxXN7y (1)

In this equation, L, represents large-scale path loss,
whereas G represents small-scale Rayleigh fading chan-
nel coefficients. It can be expressed as:

G~CN(0,1), where CN(0,1)denotes a complex Gauss-
ian distribution characterised by a mean of zero and a
variance of one.

The BS concurrently accommodates several loT devic-
es utilizing the NOMA concept. In NOMA, numerous us-
ers utilize the same frequency and temporal resources,
differentiated by their power levels [40]. The BS assigns
varying power levels to customers according to their
channel conditions, guaranteeing that those with supe-
rior channels receive reduced power, while those with
inferior channels receive more power. This is articulated
as follows: For K users or devices, the power assigned to
the k-th user or device is represented as P,, with }¥,

Pk=P_ ., where P . signifies the total available power.

In the given case, the clustered distribution model
involves grouping devices into clusters with unstable
channel conditions. Frequently, this assumption accu-
rately represents the actual signal issues and challeng-
es that devices encounter in specific regions.

let x represent the transmit signal vector from the BS.
x=Ws (2)
For each user K, the symbol vector is represented by
SEC®™1, W, which is a precoding matrix applied at the
BS, is defined as WeC™:*X. Channel matrices in mMIMO
systems with no RIS. Adjustments can be made to the
channel gain in a clustered distribution to accurately
represent the increased signal intensity resulting from
the proximity of users inside clusters [41].

3)

G, is total system gain, including base gain factor
and clustering modifications. Without clustering ef-
fects, Gbusdaw is the system or antenna setup's inherent
gain. Such as antenna efficiency, transmission power,
etc. Gdumﬂdjust multiplicative modification to base gain.
This adjustment factors in gain increases from beam-
forming, geographical clustering, and user clustering

to optimize signal strength [42].

base_Gbase_factarX cluster_adjust
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base:Gbase,factorxGhotspot,adjust (4)

hotspot adjust 1S multiply adjustments for enhanced sig-

nal gain in hotspot locations. Regions with a higher

user concentration or stronger signal focus may have

higher gain due to localized optimizations such beam-
forming, power allocation, or signal upgrades [43].

The channel matrix H . improved by the RIS matrix
R upon its introduction,

H i ris™H icnout ris™ R (5)
where H . is the channel matrix when the RIS or anoth-
er transformation (beamforming, phase-shifting, etc.) is
used. The channel matrix H_ = represents the direct
channel between transmitter and receiver, without any
modification. R is a transformation matrix used by the
RIS to enhance or improve channel conditions by apply-

ing phase shifts or adjustments to incoming signals.

The diagonal matrix R, which represents RIS, contains
phase shifts denoted as,
R=diag(e&'*1,e/*2,...,e/*Nris ) (6)
The number of RIS elements is represented by N, .
The phase shift of the i-th RIS is denoted by ¢. The
complex phase shift is referred to as the equation ).
For the channel gain without RIS,
Gaineﬁ=Gainba . (7)
For the channel gain with RIS, the effective channel
gainiis,
xRIS (8)

base enhancement

Gaineﬁ:Gain
where RIS, Enhancement factor provided by
RIS. Examine the intermediary channel connecting the
BS and the user devices. The signal y, received by user

K precisely represented as [44],
Y = hiWs + n, 9)

The user k's channel vector is represented as h, €C">'.
The additive white Gaussian noise (AWGN) with vari-
ance 0 * is denoted by n,~CN(0, ¢ ?). h "' the Hermitian
(conjugate transpose) of the h,. In the case of RIS, the
channel vector h, is increased by the channel informa-
tion signal RIS. Consider the channel GECVFSMt con-
necting the BS to RIS, and the channel v,C"?! con-
necting the RIS to user k. The effective channel h, with
RIS can be expressed as [45],

he = v OG + hyprece (10)

This is the RIS phase shift matrix: 0=diag(61, 0,.. .,GNR[S),
where the i-th RIS element introduces a phase shift, de-
noted as 6. Without utilising the RIS, the direct connec-
tion from the BS to user kiis represented as channel .

The signal strength received by user k without RIS is [46],

PnaRIS,k = Ithklzptx (1 1)
The received signal power changes in the RIS sce-
nario to,

2
Pyith risk = I(UI?QG + hdirect,k)HWkl Py, (12)

where P_is the transmit power. The user k's SNR is cal-
culated as,
_ Ptx'|hgwk|2

SNRno RISk — 2

on

(13)
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2
_ Ptx'l(VE9G+hdirect,k)HWk|
SNRyith RISk = 3 (14)

on

user's allotted transmit power is denoted as P . By
applying the Shannon-Hartley theorem, we may deter-
mine user k's capacity C,,

Ce = =% -log,(1+ SNR, ) (15)

The total bandwidth is denoted by BW. K'is the num-
ber of users. The capacity normalized by the bandwidth

is the SE, for user k,
SEj. = - log,(1 + SNR;.) (16)

The Capacity and SE of the System Overall with and
Without RIS,

BW Pee-hHwy|

Coorisic =2 +log, (1 - M) (17)
1 Pk |

SEnorisk = i log, (1 + w> (18)

Ptx'|(”l§96+hdirect,k)Hwklz> (1 9)

o

BW
Cwithrisk = - 1082 <1 +

H 2
Ptx‘l(”k @G"'hdirect,k)HWkl

SEyith risk = % - log, <1 + o2 ) (20)

Device mobility, network load, and channel condi-
tions all affect communication system latency. This
model is used for broad analysis,

L= Lbase + Dmob + Dload (21)

The total network delay (L) comprises base latency,
mobility delays, and network load delays.

L, . refers to the system's intrinsic latency under
ideal conditions, excluding mobility and network load
considerations. D - The delay during user or device
movement, determined by speed and distance. D, ,re-
fers to the delay caused by network traffic. As network
congestion or user activity grows, this delay increases.
Network load delay, this metric quantifies the influence

of the present network load on the delay [47].

Lwithout ris = Lpase t @M+ - N (22)

LwithRIS = Lbase +a-M-R+ :B "N (23)

where, M is network users' or devices' speed or mobil-
ity, which affects latency owing to handovers and dy-
namic connection quality. N is network traffic or users,
with larger loads causing congestion and delay.

R scales the RIS's latency impact. a is a proportion-
ality constant that affects latency increase with move-
ment. The constant 8 measures the influence of net-
work load on latency, by scaling congestion's contribu-
tion to overall delay.

Dpop =v-S-d (24)
D .,isa Mobility Delay. Speed is S. Distance (D). The
mobility delay coefficient is y.

where, y is a proportionality constant. S is the speed of
the device. D is the distance the device moves in the
given time.The formula typically used to determine the
throughput T'is,
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(25)

where, G is Channel gain (with or without RIS), N, is
Noise power spectral density.

4. SIMULATION RESULTS AND DISCUSSION

T:BW~1og2(1+%)

SE, and SNR under different conditions. The outcomes
are displayed before and following the implementa-
tion of RIS, which enhances the latency with device
mobility, throughput, and coverage area of the net-
work among the group of devices, while also tackling

the difficulties posed by an abundance of loT devices
and resource-intensive 6G network applications. Fig.
3 flowchart shows the methodology process and the
simulation steps required.

Initialize Parameters: User distribution, mMIMO, RIS
configurations, Bandwidth, Modulation Order, SNR range,
Mobility speeds, Device densities, and Coverage areas.

!

Initialize Results Matrices:
Capacity with and without RIS and SE with and without RIS
Latency with and without RIS
Throughput with and without RIS

|

Table 2 displays the simulation parameters for vari-
ous model networks. The graphs of loT mMIMO DL
NOMA devices illustrate the variations in capacity and

Loop Over User
Distributions:

oop Over Device
Densities:

For each user For each device
distribution. density
Yes "‘0 ves Yes
No
Loop Over Coverage
<Loop Over Mobility Speeds Loop Over SNR Values ol 9
No
No No ‘
¥
Without RIS: Without RIS: [Calcutaty numbey
Calculate latency. Calculate capacity on density and
Store and SE. Store Srea
results.Display results. Display
results results l
Ye
T e Without RIS:
Yes Calculate
throughput. Store
z results.
With RIS: Calculate Nath b S:
latency. Store Calculate l
results. Displa capacity and SE.
phi it Store results. With RIS:
Display resuits Calculate
ithroughput. Store|
results.
End InnerLE-; @er Loop End Inner Loop
A A
End Outer Loop

End Outer Loop

CEnd ou‘Ei

Display Results:
Capacity vs. SNR, and SE vs. SNR.
Latency and Device Mobility for different user distributions.
Device Density, Coverage Area, and Throughput with and without RIS.

Plot Resuits:
Capacity and SE vs. SNR for different user distributions.
Latency vs. Device Mobility for different user distributions.
Throughput vs. Coverage Area for different device densities.

Fig. 3. Three types of loT mMIMO DL NOMA cases with and without RIS systems are shown in a flow chart
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In the 6G network, Fig. 4 illustrates the interaction
between the capacity rate and SNR for four mMIMO DL
NOMA IoT groups, both with and without the RIS meth-
od. The loT devices own channels that exhibit varia-
tions in both distance and power distribution. A strong
association existed between the capacity rate and the
SNR.The group in the cluster with fewer devices (50 de-
vices) supports the highest achievable capacity of 1.29
Mbps/Hz. The capacity rates for the second group with
(100 devices), the third group with (150 devices), and
the fourth group with (200 devices) were calculated to
be 0.648, 0.432, and 0.324 Mbps/Hz, respectively. All
four loT groups saw capacity improvements of 5.84%,
5.81,5.78, and 5.8% when using RIS, compared to their
performance without RIS. This was confirmed at the
SNR of 30 dB.

Table 2. Presents comprehensive information on the
simulators employed for simulating various models

Parameter Value
Devices Groups 50, 100, 150, and 200
Modulations 256 QAM
Path-loss exp. 4
BW 6 G Hz
Antennas No. 128x128 mMIMO
RIS 128x128
SNR 0to30dB
Mobility Speed (0-120) km/h

Coverage Areas (100, 200, 300, 400) m2 or sqgm

%10°
—6— Without RIS (50 loT devices)
= = - With RIS (50 IoT devices)
Without RIS (100 loT devices)
= - With RIS (100 loT devices)
—86— Without RIS (150 loT devices)
== y= +With RIS (150 loT devices)
—8— Without RIS (200 IoT devices)
= - - With RIS (200 loT devices)

S

Capacity (bps/Hz)

-

-

-
2.

5 3:/‘
-

-
-

0 é 1.0 15 2IO 25 30
SNR (dB)
Fig. 4. Capacity rate vs. SNR for 4 groups in the loT
mMIMO DL NOMA network with and without RIS
system

Within the 6G network, Fig. 5 depicts the correlation
between the SE and SNR for four mMIMO DL NOMA
loT groups, both with and without the RIS architecture,
and a strong correlation between SE and SNR was ob-
served. The subgroup inside the cluster consisting of
50 devices allows for the maximum attainable SE of
0.21629 bps/Hz. The predicted SE rates for the second
group consisting of 100 devices, the third group with
150 devices, and the fourth group consisting of 200
devices were determined to be 0.10815, 0.072097, and
0.054073 bps/Hz, respectively. All four loT groups expe-

Volume 16, Number 2, 2025

rienced SE enhancements of 5.759%, 5.755%, 5.753%,
and 5.84%, respectively, when employing RIS, in com-
parison to their performance in the absence of RIS. This
was verified at the SNR of 30 dB. The final result exceed-
ed the results obtained according to references.

0.25

—6— Without RIS (50 loT devices)
= % - With RIS (50 loT devices)

Without RIS (100 loT devices)
= % *With RIS (100 loT devices)
—8— Without RIS (150 loT devices)
= y= +With RIS (150 loT devices)
—8— Without RIS (200 loT devices)
= % +With RIS (200 loT devices)

0.2

0.15

Spectral Efficiency (bps/Hz/Hz)

0 5 10 15 20 25 30
SNR (dB)

Fig. 5. SE against SNR for 4 groups in the loT mMIMO
DL NOMA network with and without RIS technique

Implementing RIS in the mMIMO system notably im-
proves both the transmission capacity and the efficien-
cy of spectrum utilization. The primary factor behind
this enhancement is the improved effective channel
gain offered by RIS, which amplifies the signal strength,
hence generating more capacity and optimizing the
utilization of the bandwidth. This improvement is es-
pecially noticeable at increased SNR levels and broader
user dispersal, rendering RIS a valuable solution in loT
and 6G networks. The final result exceeded the results
obtained according to references [48].

Fig. 6 illustrates the correlation between latency vs.
device mobility with and without RIS for Different loT
Device Distributions for four mMMIMO NOMA groups. The
study focuses on a 6G network in different mobility sce-
narios: from 0 km/h to 120 km/h. During periods of slow
movement or immobility, the channel conditions be-
tween the transmitter (such as BS) and the receiver (such
as an loT device) stay rather constant. The stability of the
channel results in less fast fluctuations in both channel
gains and signal quality, therefore enabling more consis-
tent and dependable communication. By contrast, the
channel conditions of faster-moving devices undergo
rapid changes as a result of phenomena like as Dop-
pler shift, multipath fading, and frequent handovers be-
tween various BS. Fluctuations in signal quality caused
by these quick changes might result in increased delay,
greater packet loss, and more frequent mistakes.

The subgroup inside the cluster, which has 50 devic-
es, enables a minimum achievable latency of 2.44 mil-
liseconds. The estimated latency rates for the second
group, which included 100 devices, the third group,
which included 150 devices, and the fourth group,
which included 200 devices, were analyzed and found
to be 1.72 ms, 1.48 ms, and 1.36 ms accordingly, at a
velocity of 120 Km/h.
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Implementing RIS resulted in latency rate improve-
ments of 16.44%, 12.24%, 9.75%, and 8.1% for all four
loT groups, respectively.
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Fig. 6. Latency vs. Device Mobility with and without
RIS for Different 4 groups loT mMIMO DL NOMA
Device Distributions

Fig. 7 depicts the relationship between Throughput
and Coverage Area for four mMIMO NOMA groups, both
with and without RIS, with varying device densities.
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The study examines a 6G network under several De-
vice Density scenarios, namely 100, 200, 300, and 400
square metres. Coefficient of inverse correlation be-
tween Throughput and coverage area. The subgroup
inside the cluster, including 50 devices, allows for the
maximum attainable throughput of 360 bps/Hz. The
predicted throughput rates for the second group con-
sisting of 100 devices, the third group with 150 devices,
and the fourth group containing 200 devices were de-
termined to be 180, 120, and 90 bps/Hz, respectively at
the coverage area of 400 square meters (sqm). Each of
the four loT groups saw throughput improvements of
26%, 25.6%, 25.3%, and 25% correspondingly while us-
ing RIS. The augmented channel gains that RIS facilitates
are primarily to blame for the increase and improvement
in throughput. The RIS enhances signal propagation by
dynamically regulating signal reflections, leading to
improved connection quality and optimizing resource
utilization, minimizing delay, and countering the effects
of multipath fading. By adding NOMA, throughput is in-

creased, making RIS-assisted NOMA a powerful method
for fast communication in future 6G networks.

Fig. 7. Throughput vs. coverage area with and
without RIS for different 4 groups loT mMIMO DL
NOMA device densities

5. CONCLUSIONS

This study provides a thorough evaluation of RIS tech-
nology in a 6G network environment, specifically within
the mMIMO DL NOMA-enabled loT system. The results
show that the proposed approach is a promising solu-
tion for future 6G loT networks, significantly improving
capacity and SE, particularly in high-density areas. By in-
tegrating RIS with DL NOMA systems, the research high-
lights its ability to boost communication performance,
especially in clustered user scenarios, making it essential
for optimizing system performance and resource utili-
zation in loT networks. Additionally, RIS greatly reduces
latency in NOMA systems, regardless of user distribution
or mobility speeds, and improves communication ef-
ficiency. The latency model used provides key insights
into the impact of RIS and mobility on system perfor-
mance. Furthermore, RIS enhances data transfer rates,
supporting increased device densities in various loT en-
vironments, and the throughput model demonstrates
its ability to optimize network architecture. In conclu-
sion, RIS presents considerable benefits for improving
network performance in 6G loT systems. Future studies
should explore its integration with advanced technolo-
gies like machine learning-based resource allocation
and dynamic spectrum management to further enhance
NOMA system performance in diverse loT scenarios.
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