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Abstract: The goal of the investigation is to increase coverage, which is ensure better transmission
around IoT services using IRS within a two-tier 6G system comprising of one micro cell tier running
beneath a macro cellular tier. As a result, the study tested and compared the reliability of traditional
connectivity with IRS-enhanced connectivity in terms of upstream end-to-end latency using
computer-based measuring methods. The study concluded that the implementation of IRS greatly
improves coverage, which means transmission effectiveness, for 6G services.
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1. Introduction

With the widespread commercial use of 5th Gen (5G) mobile networks, the Internet of Things
usage possibilities have expanded. From 2nd Gen (2G) to 5G, networking resource optimization is
critical for mobile communication success [1-4]. Nevertheless, wireless communications are reaching
Shannon limitations, and the current resources are insufficient [5-9]. Contrary to the 5G wireless
communication system, the next level (6G) communication system offers a greater coverage, allowing
for integrated interconnection of satellite, sky, the surface, and water. Some novel resource
optimization measures must be used to guarantee Quality of Service (also called QoS) in 6G systems
[10-13].

The 6G system is envisioned as expansive, with ambitious future goals. It is projected to deliver
intelligently enabled seamless connection everywhere while consuming less energy, hence
improving society and quality of life overall. The growing need for connecting gadgets and internet
traffic is the primary driving reason behind the need for 6G advancement [14-19]. The primary
driving and expected developments regarding 6G are exceptionally high data speeds of 1Tbps,
incredibly low latency (a tenth of 5G), 50 times quicker than 5G, 2x greater energy efficiency, along
with 2x higher spectrum efficiency [20-24]. The standard organizations, especially the International
Telecommunications Union-Radio Communications Sector (ITU-R), demonstrated the cutting edge
of 6G activity by 2030 on the basis of quantity as well as quality for the modern era, predicting that
mobile data usage will surpass the limit of greater than 5ZB per monthly [25-30]. Other properties of
a 6G wireless communication system include better dependability, new spectrum, excellent network
availability, cognitive networking, sustainable communication, computation, location, control, green
connectivity, and monitoring [31-36]. The 6G flagship-based initiatives (like 6Genesis) have already
begun to target sophisticated technology. The primary characteristics consist of a delay of less than
0.1ms in the user’s device plane along with 1ms in the command plane, downlink spectral accuracy
of 100bps/Hz or further, the operation in the sub-terahertz as well as terahertz groups, expected data
rates of approximately 1Tbps, as well as battery-free loT appliances [37—43]. The network’s reach has
been increased by using various technology integrations including satellite and terrestrial networks
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[44-49]. The 6G network is projected to provide native intelligence, increased spectrum efficiency,
and worldwide coverage. The notion of cognitive intelligence in 6G, manifested as decision-making,
has cleared the path for the growth of communication networks. Multitude large-scale executions are
predicted as a result of 6G network technology. In terms of programs, the 6G network may
accommodate high-end data rate services such as virtual reality, augmented reality, unified reality,
3D visualization, implants, internet of medical things, autonomous driving, sensing, and the network
of intelligent applications [50-57].

6G cellular networks must have THz interactions, intelligently reflecting surfaces (IRS),
holographic multi-input multi-output (HMIMO), symbiotic radio, multi-tier heterogeneous
networks, cell-free network connectivity, and so on [58-63]. Furthermore, it is anticipated that 6G will
include an artificial intelligence-based cloud-edge-device collaborative ground-air-space
interconnected ecosystem [64-70].

Global wireless networks, especially in metropolitan areas, have become increasingly diverse in
recent years in order to handle exponentially expanding traffic data [71-77]. Wireless mobile
networks that comprise base stations with diverse features are unbalanced, and such BSs function
independently [78-82]. Cross-tier disturbance has a significant negative impact on system
performance. As a result, collaboration across diverse BSs and the blending of heterogeneous
networking is a pressing issue in next-generation networks [83-89].

An IRS constitutes a rectangular metasurface composed of a large number of reflecting elements
that has lately received academic interest for its capacity to dramatically increase the energy and
spectrum efficiency of communication systems by changing wireless transmission circumstances [90—
94]. IRS components can reflect the arriving signal with the appropriate phase shift. IRS continually
alters the propagation of the reflecting signal, resulting in constructive signals combination and
destructive noise suppression by the receiving device. As a consequence, QoS can be enhanced at the
receiving end [95,96].

As a result, the research compared the performance of traditional micro cellular connectivity to
IRS-based micro cellular connectivity in terms of upstream end-to-end latency.

2. Related Literature

The feasibility and efficacy of employing IRSs in 6G-based recognizing has just been examined
in research [97-99]. Several studies have looked into ways to use IRSs as anchoring for localization
within the context of device-based sensing. The study [100] examined an angle-based localization
mechanism made up of a BS, numerous IRSs, and user devices. To solve the maximum probability
problem for determining angle details, a two-step technique was proposed. Initially an exhaustive
search approach is implemented throughout a discrete structure to find a few favorable initial points,
following which a gradient decent hunt method is used to find a more effective angle approach. The
user may then be localized using its angles to various anchors, such as the BS along with IRSs.

3. Measurement Model
3.1. IRS-Based Model

The power for IRS-powered cell is measured by (Equation (1)) [101],

2
PUL(irS) _  UL(irs) lxlyGst/lzCos(etr)cos(erec)AzgtrgrecTtrerec 1)
e Tl (mymy)? (4m)?

where G5 = 4”;’2‘% represents the IRS dispersion gain. I, and [, express the IRS’s structures. 6.,

and 6. describe the broadcast and reception angles. A denotes the reflection factor. g, and gy,
represent the transmit and receive amplification gain. Ty, and R, are the aggregate amount of the

transmitter and receiver components. m; = /(xVe — xir5)2 + (yVe — yirs)2 + (zUe — zirs)2 indicates
the space between the transmission gadget at (xU¢,yV¢,zY¢) the IRS positioned at (x,y', 37

coordinates. m, = /(xS — x™Mc)2 4 (yirs — yme)2 4 (zirs — zme)2 indicate the space across the IRS
mc

along with the base station situated at (x™¢,y™¢, 3™¢) coordinates.


https://doi.org/10.20944/preprints202407.0297.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 July 2024 doi:10.20944/, rints202407.0297.v1

3
The upstream throughput in the case of IRS model is determined by (Equation (2)),
UL(irs)
UL(irs) — rec
Tr BW log, (1 + it + Gwn) (2)
where int indicates the interference and G,,, denotes the noise and.
The transmission delay in uplink is derived by the equation below (Equation (3)),
) Uplink Data Size
pUHI) = Ty ULGrs) ©)
3.2. Conventional Model
The upward power can be measured by (Equation (4)) [102],
/12
pUL©) _ UL 4)

rec tr za (47.[)2

where z = \/(xU¢ —xMc)2 + (yVe — yme)2 4 (gUe — zmc)2  indicate the spacing between the
transmitting equipment and the base stations. 4 = ¢/ specifies the spectral length of the stream.
f. specify the bandwidth in Hz. ¢ demonstrates the apparent velocity of light in ms'. a specifies
the factor influencing the loss.

The upstream spectral efficiency equation is stated as follows (Equation (5)),

UL(C)
T UL(C) — B 1 rec
T Wlog, |1+ PevS— G )
The transmission delay is derived by (Equation (6)),
Uplink Data Size
UL(C) —
b T1ULO) ©)

4. Results and Discussions

The study includes the measurement results obtained by using MATLAB-based calculations to
implement the assessment approach, as well as evaluations of the result findings.

Figure 1a shows the measurement result of transmission delay in terms of bandwidth and data
size in the context of cell-edge devices. Figure 1b illustrates the result of transmission delay in terms
of bandwidth (reduced i.e., 60 MHz) and data size (100 Kb) when the transmitter-receiver separation
distance is 50 m. Figure 1c visualizes the measurement of transmission delay in terms of bandwidth
(maximum i.e., 200 MHz) and data size (increased i.e., 350 Kb) when the transmitter-receiver
separation distance is 50 m. Figure 1d represents the uplink transmission delay considering the
coverage region (200 MHz of bandwidth and 100 Kb of data size).
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Figure 1. (a) Bandwidth vs. data size vs. transmission delay in uplink (IoTD at 100 m dist.), (b)
Bandwidth vs. data size vs. transmission delay in uplink (IoTD at 50 m dist. and reduced bandwidth),
(c) Bandwidth vs. data size vs. transmission delay in uplink (IoTD at 50 m dist. and maximum
bandwidth), (d) Transmitter-receiver separation (3D) vs. transmission delay (non-IRS).

According to the specification or the requirement of 6G less than 1 ms end-to-end delay is
required for the applications and services. At least 200 MHz bandwidth is required to offload data of
size 100 Kb within 1 ms end-to-end delay when the IoT devices are 100 m away from the base station
as per Figure 1a. When the devices are 50 m away from the base station at least 60 MHz bandwidth
is required to offload data of size 100 Kb within 1 ms delay according to Figure 1b and with the
maximum bandwidth (200 MHz) 350 Kb of data can be offloaded within 1 ms end-to-end delay as
per Figure 1c. Figure 1d represents the 3D coverage region and delay for the maximum data size and
bandwidth for better realization from which it can be realized that with a shorter transmitter-receiver
separation the end-to-end delay requirement can be obtained with a lower amount of bandwidth.

Figure 2a,b visualize the uplink end-to-end transmission delay in terms of bandwidth and data
with the varied number of Tx-Rx elements of IRS (for cell-edge devices). Figure 2c represents the
uplink transmission delay considering the coverage region (85 MHz of bandwidth and 1000 Kb of
data size).
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Figure 2. (a) Bandwidth vs. data vs. transmission delay (128x128 Tx-Rx elements and IRS placed at
100 m away from IoTD), (b) Bandwidth vs. data vs. transmission delay (256x256 Tx-Rx elements and
IRS placed at 100 m away from IoTD), (c) Transmitter-receiver separation vs. delay(128x128 Tx-Rx
elements, data size 1000 Kb, 85 MHz bandwidth).

Delay [ms]

Analyzing Figure 2a,b it is evident that with the increase in the number of transmit-receive
elements the required end-to-end latency is achieved with a reduced amount of bandwidth. 85 MHz
bandwidth is required to offload 1000 Kb of data when the number of transmit-receive elements in
128x128 and when the number of transmit-receive elements gets increased to 256x256 70 MHz
bandwidth is enough to offload 1000 Kb of data within 1 ms end-to-end delay. The end-to-end
transmission delay in the case of uplink for the 3D coverage region is better realized in Figure 2c.

With the adoption of IRS the required end-to-end transmission delay can be achieved with a
lower amount of bandwidth even if the data size is high. In the case of the conventional
communication model maximum allowable 200 MHz bandwidth can offload up to 100 Kb of data
and in the case of the IRS-assisted model, only 85 MHz bandwidth is required to offload 1000 Kb
(considered maximum data size) of data within the end-to-end delay of less than 1 ms (if the number
of transmit-receive elements of the IRS raised the required end-to-end delay can be obtained even

with a lower amount of bandwidth).

5. Conclusion
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The project aimed to improve access to services within the context of upcoming 6G networks by
combining IRS onto a micro cell underlying a two-tier system that functions at the macro cell-level.
A literature evaluation of relevant present investigations was conducted to provide perspective and
identify research limitations or gaps. It developed a measuring model for conventional and IRS-aided
micro-cell infrastructure, as well as formulas for calculating uplink throughput. According to the
experiments, IRS-aided micro-cell networks outperform typical non-IRS microcell networking.
Furthermore, an IRS-aided infrastructure conserves energy by reducing transmission power.

Declaration of Competing Interest: The authors declare no known competing interests.
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