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Abstract—Industry 4.0 has brought to attention the need for
a connected, flexible, and autonomous production environment.
The New Radio (NR)-sidelink, which was introduced by the third-
generation partnership project (3GPP) in Release 16, can be
particularly helpful for factories that need to facilitate coopera-
tive and close-range communication. Automated Guided Vehicles
(AGVs) are essential for material handling and carriage within
these environments, and using NR-sidelink communication can
further enhance their performance. An efficient resource allo-
cation mechanism is required to ensure reliable communication
and avoid interference between AGVs and other wireless systems
in the factory using NR-sidelink. This work presents a simulation
analysis of the 3GPP standardized resource allocation algorithm
for NR-sidelink in an industrial scenario with a use case of
cooperative-carrying AGVs. We suggest further improvements
that are tailored to the quality of service (QoS) requirements
of an indoor factory communication scenario with cooperative
AGVs. The use of NR-sidelink communication has the potential
to help meet the QoS requirements for different Industry 4.0 use
cases. This work can be a foundation for further improvements
in NR-sidelink in 3GPP Release 18 and beyond.

Index Terms—Industry 4.0, NR-sidelink, Mode 2 resource
allocation

I. INTRODUCTION

Sidelink communication was introduced in Release 12 by
3GPP. It allows direct device-to-device (D2D) communication
without needing user data transmission via cellular infras-
tructure. Sidelink communication can be used in different
radio coverage scenarios: in-coverage, partial-coverage, or out-
of-coverage. These scenarios indicate whether the devices
participating in sidelink communication are in the coverage of
the base station. With the advent of 5G NR, sidelink commu-
nication has become more potent and is now a key feature of
3GPP Release 16. NR-sidelink communication, standardized
in 3GPP Release 16, has been specifically designed to cater to
the needs of various industries, including commercial, public
safety, and the automotive industry. In order to meet the QoS
requirements of varied use cases, two modes are defined to
ensure efficient radio resource allocation. In mode 1, the base
station (gNB) schedules sidelink resources using configured
grants for periodic or dynamic traffic. In contrast, in mode
2, the mobile device or User Equipment (UE) autonomously
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selects sidelink resources for transmission using sensing mech-
anisms, i.e., by monitoring control channel information from
nearby UEs to determine candidate resources to transmit on.
With the approval of 5G-Advanced study items for Release
18, the potential applications of sidelink communication have
expanded even further. This release investigates 5G sidelink for
unlicensed operation [1] and 5G sidelink positioning [2] for
various use cases, such as commercial, public safety, Industrial
Internet of Things (IIoT), and Vehicle-to-Everything (V2X).

For factory applications using 5G, reliable and deterministic
communication is crucial. The normative requirements, such
as low latency and high reliability for typical use cases like
motion control and cooperative carrying AGVs, were specified
by 3GPP in TS 22.104 [3].

Until now, a sufficient analysis has not been conducted to
evaluate the performance of NR-sidelink in factory-related use
cases. Industrial factory and process applications require low
latency and high reliability beyond V2X requirements of 3
ms latency and 99.999% reliability [3] [4]. Enhancing NR-
sidelink for industrial factory applications could be useful to
achieve the desired QoS requirements of high reliability and
ultra-low latency.

This paper aims to analyze the NR-sidelink communication
performance by simulating the use case of cooperative carrying
robots as specified in TS 22.104 [3]. First, we assess the 3GPP
standardized mode 2 resource allocation procedure to establish
its capability to meet the QoS criteria for the considered
use case. Subsequently, we suggest changes to the control
signalling to promote QoS performance for the considered use
case.

II. STATE OF THE ART

Over the years, various approaches have been proposed to
optimize D2D communication, focusing on autonomous re-
source allocation. Various radio resource management (RRM)
approaches for reliable D2D communication in wireless in-
dustrial applications are reviewed in [5]. The authors identify
an efficient utilization of the shared radio resources between
D2D and cellular links to maintain an overall high throughput
and the required QoS. However, they consider stationary UEs,
which differs from our scenario. As the UEs move inside
the factory, the channel quality between them will change



due to blockages and interference from the base stations, and
therefore, the optimal allocation of resources is also expected
to change. In [6], the authors propose a graph-based resource-
sharing framework that considers vehicular network character-
istics, such as mobility and dynamic topology. The algorithm
aims to minimize interference among vehicle-to-vehicle (V2V)
users while also maximizing the capacity of the vehicle-to-
infrastructure (V2I) UEs. However, this paper focuses on an
outdoor urban scenario and evaluates the vehicular network.
The authors in [7] suggest that one solution to the half-duplex
problem present in mode 2 resource allocation can be the
implementation of full-duplex, which aims to increase the ef-
ficiency of V2V communication. A performance evaluation of
mode-2 resource allocation in V2X communication through an
open-source simulator is presented in [8]. The paper primarily
evaluates V2X communication, focusing on the system’s relia-
bility in urban and highway scenarios. Additionally, authors in
[9] and [10] address features such as decentralized (aperiodic)
traffic support over NR-sidelink and the introduction of re-
evaluation strategies for V2X communication. [11] Presents
an approach for resource allocation in randomly distributed
robotic swarms for proximity communication in an indoor
factory environment. The authors propose a cooperative ap-
proach to exchanging inter-UE coordination (IUC) messages to
maintain an efficient resource allocation algorithm and reliable
communication. On the contrary, our work presents an in-
depth analysis of NR-sidelink resource allocation procedures
under limited bandwidth for the cooperative-carrying robot use
case in an indoor factory scenario. We aimed to provide in-
sights into the optimal NR-sidelink resource allocation scheme
for AGVs working cooperatively in a group in indoor factory
settings. Our work is a simulation analysis of standardized
NR-sidelink resource allocation schemes, examining possible
improvements such as a full-duplex mode.

III. SYSTEM MODEL

This paper evaluates the use case presented in 3GPP TS
22.104 [1]. Here, a group of Automated Guided Vehicles
(AGVs) cooperatively carry a square workpiece inside the
factory hall and periodically share cooperative awareness
messages with each other. Each AGV to AGV (A2A) link
shares the resource spectrum with other AGV to infrastructure
(A2I) links. These A2I links might cause interference with
the A2A links since they use the same resources. The indoor
production facility has dimensions of 200 x 200 m2 where
the UEs will operate. The drop and mobility modeling of the
factory environment is shown in Figure 1. The AGV group
can comprise of 2 to 8 UEs as defined in [1] and follows
a fixed trajectory along the facility floor. The AGVs move
with a 6 km/h velocity and maintain a fixed distance between
each other at all times. This distance depends on the number
of AGVs and the size of the workpiece. Throughout our
evaluation, we considered a squarical workpiece with each
edge 10m in length. The AGVs share cooperative awareness
messages to maintain this fixed distance and follow the given

trajectory. For this reason, the main focus is maintaining the
reliability of the A2A link.

On the other hand, the A2I links, as shown in Figure 1,
are Poisson distributed within the specified area of the factory
with its mean centered around the base station. The AGVs
move at a speed of 16 km/h. These AGVs share high-volume
data, which is used to improve the workflow inside the factory.
Therefore, the AGVs links are expected to maintain a high data
capacity.

Fig. 1. The scenario considered in this paper: An indoor factory with a
single base station. The AGVs carry a workpiece along a fixed trajectory on
the factory floor. The A2A links are NR-sidelink. At the same time, the A2I
links are interfering with the A2A links.

The UEs use the carrier frequency of 2 GHz with a system’s
bandwidth chosen as 20 MHz. The UEs have a maximum
transmit power of 23 dBm and antenna gain of 3 dBi on both
the transmitter and receiver sides. The receiver noise figure is
at 9 dB. The propagation model is based on the one suggested
by WINNER+ scenario A1 for an indoor environment [8] for
the A2A links and from [12] for the A2I links. The path loss
for the A2A links is assumed to have only a Line of Sight
(LOS) due to their proximity. On the other hand, the path
loss for the A2I links also consists of Non-LOS (NLOS) as
they might have different communication proximity and can
encounter obstacles [6]. Shadowing is considered to follow a
log-normal distribution described by a deviation of 3 dB and
a distance of 25 m for de-correlation. The value of shadowing
is updated to a new value which is then used to define the
channel power gain over the resource r represented as g[r].
The system assumes a total of K A2A links, where K depends
on the number of AGVs in a group and a total of M A2I links.
The expression of the received SINR at the kth AGV over the
rth resource block is shown in equation 2,

SINRr
k =

Pk gk[r]

σ2 + Pmgm,k[r] +
∑

k′ ̸=k Pk′gk′,k[r]
(1)

where Pk is the transmit power of the kth transmitting AGV
and (gk[r]) denotes the channel gain of kth A2A link. Pm is
the transmit power of the A2I links. gm,k[r] is the channel
gain of the link from the m-th A2I transmitter to the kth
A2A receiver when these devices use the same resources r to



transmit. Similarly, gk′,k[r] is the interfering channel gain from
the k′th A2A transmitter to the kth A2A receiver. After the
received SINR value (γ(k, r)) is calculated, it is then compared
to a threshold value (γ∗). This threshold value is calculated
by inverting Shannon’s capacity formula for the Gaussian
channel as described in [6]. This threshold value depends
on the Modulation and Coding Scheme (MCS) value and the
transport block size. The final evaluation of a successful packet
transmission involves determining transmission success by
comparing the SINR with a threshold. A higher SINR signifies
successful packet reception, while a lower SINR indicates an
error.

IV. NR-SIDELINK RESOURCE ALLOCATION

In NR-sidelink communication, resource allocation can be
categorized into two main modes: mode 1 and mode 2 [13].
These modes determine how resources are allocated and shared
among devices for direct communication. Mode 1 is the
centralized mode of resource allocation controlled by gNB.
In mode 1, gNB provides dynamic grants and semi-statically
Radio Resource Controlled (RRC)-configured grants called
sidelink-configured grants to the UE. On the other hand, mode
2 is an autonomous resource allocation procedure. It involves
a UE sensing a pre-configured resource pool to find available
resources not used by UEs with higher-priority traffic. The
UE then chooses a suitable amount of these resources for its
own transmissions. Once selected, the UE can transmit and re-
transmit within these resources a specific number of times or
until a resource re-selection trigger occurs. The ’cooperative
carrying robots’ use case involves a group of AGVs working
together to maintain a constant inter-AGV distance while car-
rying a workpiece across the factory floor. NR-sidelink mode
2 can provide reliable and low latency resource allocation,
even in challenging radio frequency conditions within the
factory. It allows for direct communication between AGVs and
is scalable to accommodate multiple AGVs simultaneously,
making it an ideal solution for the cooperative-carrying robot
use case. This work aims to evaluate the applicability of NR-
sidelink mode 2 resource allocation and propose enhancements
for the considered use case in an indoor factory setting.

In mode 2 NR-sidelink resource allocation, the UE conducts
a sensing procedure to choose the appropriate resources. A
new packet arrival triggers this process and involves measuring
SL-RSRP within a pre-configured sensing window of either
1100 ms or 100 ms. The UE excludes any resources with
SL-RSRP above a certain threshold and reports the remaining
20% of candidate resources to the MAC layer for random
selection. NR-sidelink includes a new step of resource re-
evaluation shortly before transmission to increase reliability.
If the sensing results are unavailable to the UE, they may
transmit randomly in the pre-configured resource pool. In
addition to assessing the effectiveness of mode 2 sensing,
we explore alternative methods, like sidelink hybrid automatic
repeat request (HARQ) and inter-UE coordination (IUC), that
have been introduced in 3GPP standardization [14] to improve
transmission reliability.

A. Mode 2: HARQ enabled

NR-sidelink introduces sidelink HARQ to increase trans-
mission reliability for unicast and groupcast communication.
HARQ combines Automatic Repeat Request (ARQ) and For-
ward Error Correction (FEC). ARQ re-transmits lost or dam-
aged packets, while FEC corrects errors by adding redundant
bits to the transmitted data. By combining these two tech-
niques, HARQ can provide better reliability and throughput
than either technique alone. Additionally, HARQ can mitigate
the effect of interference from other UEs on the transmission
of data, ensuring that the communication remains reliable even
in changing environments such as inside a factory. Using
HARQ in NR-sidelink mode 2 can improve reliability and
efficiency. NR-V2X supports HARQ for sidelink unicast and
groupcast services, including ACK/NACK or Discontinuous
Transmission (DTX) transmission and a NACK-only scheme
for groupcast. The HARQ procedure for ACK/NACK or DTX
is similar to the non-codeblock group feedback in the Uu
scheme, where the feedback is based on the success or failure
of the entire transport block [14]. The Uu refers to a radio
interface in which the UE communicates with the base station.
NACK-only operation reduces sidelink resource demand when
multiple receiver UEs need to provide feedback to the same
transmitter UE. This is useful in scenarios where UEs within
a certain radius receive the same sensor information, and re-
transmission occurs if any UE fails to decode successfully.
NACK-only feedback is limited to UEs within the radius, and
UEs beyond it do not provide HARQ feedback. The service
layers specify the minimum range requirement and associated
QoS parameters. The sidelink HARQ feedback is carried on
the physical sidelink feedback channel (PSFCH) using one
bit from a receiver UE to its transmitter UE. HARQ has
advantages but also downsides. It increases latency and can
create congested traffic, potentially slowing communication
between AGVs. Our study will evaluate how it affects system
reliability compared to the standardized NR-sidelink mode 2
resource allocation.

B. Mode 2: Full Duplex

Applying the full-duplex technique can enhance the reli-
ability of the communication system. With full-duplex, both
the sender and receiver can use the channel simultaneously
to send and receive data, which reduces latency and enhances
reliability. It can also help to reduce interference in sidelink
mode 2 communication scenarios. However, using full-duplex
in these scenarios is challenging due to self-interference (SI),
which occurs when the signals of the transmitter and receiver
are close in frequency and time, leading to lower signal
quality and reliability. This interference is more noticeable
when the transmitter and receiver are in close proximity.
Nevertheless, there are methods to facilitate SI cancellation
and take advantage of the benefits of full-duplex, as suggested
in [7].



C. Cooperative Resource Allocation

Mode 2 faces performance issues related to half-duplex
problems and interference when multiple users are present.
To address these problems, 3GPP in Release 17 NR-sidelink
introduces inter-UE Coordination (IUC) to enhance the ef-
ficiency and performance of cellular networks. IUC enables
direct communication between adjacent UEs, allowing them
to share crucial information such as channel state information,
interference, and scheduling requests. This helps optimize
spectrum use and enhance resource utilization, ultimately im-
proving network performance and reducing latency, especially
in high-user-density areas. IUC can be used for cooperative
scheduling, beamforming, and relaying, among other use
cases. Deploying IUC, 5G, and beyond cellular networks,
particularly in dense areas, can benefit greatly [8].

In Release 17, two coordination schemes have been intro-
duced to work with NR-sidelink mode 2. In IUC scheme 1,
the receiving UE assists the transmitting UE by selecting the
preferred resources for the transmitting UE upon request. In
scheme 2, the receiving UE informs the transmitting UE that
the resources chosen by the transmitter may result in potential
conflicts. However, both schemes only address communication
between a single transmitter and receiver and do not target
communication among a group of UEs.

A new algorithm has been proposed in this work to address
the communication between groups of UEs, i.e., involving
inter-UE coordination among AGVs and a chosen leader
AGV. The leader AGV will oversee all resources and decide
on their allocation for each UE. It is assumed that leader
AGV is chosen by the upper layers and the information is
respectively delivered to all AGVs in the preformed group. In
this mode, AGV will notify both the leader and each other
of their selected resources. A new signaling message called
Sidelink Control Information (SCI)-3 has been introduced to
enable direct communication between the AGV and the leader
AGV. The leader AGV must also ensure that the signaling
message containing the resource assigned to each AGV is
transmitted correctly, as any errors could impact the system’s
reliability and force AGV to choose random resources to
transmit. However, it is essential to note that this approach
does increase the signaling overhead. The objective of this
paper is to compare various resource allocation algorithms and
analyze the impact of supporting the cooperative carrying use
case in an industrial scenario. Thus, we plan to provide a more
detailed explanation in our future work regarding cooperative
resource allocation.

V. RESULTS AND ANALYSIS

The open-source simulator proposed in [6] has been ex-
tended for an industrial scenario considering the cooperative-
carrying robot use case. To start the simulation, the AGVs
are placed, and the AGVs are assigned their initial positions
based on information in the configuration files. AGVs are then
assigned to transport workpieces, assuming they have been
pre-grouped. The first resource allocation for each AGV in a
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Fig. 2. Comparision of different sidelink resource allocation modes.

group and interfering with the group is randomly selected dur-
ing initialization as the channel sensing results are unavailable.
Once initialization is complete, the simulation cycle begins.
At the application layer, packets are generated with varying
periodicity and pushed to a transmit queue. AGV positions
are updated regularly at 0.1 seconds, and a channel quality
assessment is conducted. Resource allocation is processed
based on the selected allocation mode. AGVs with a packet
in their queue will transmit, while all AGVs in the same
group will act as receivers. This process is repeated throughout
the simulation cycle. The start and end of slots and their
corresponding actions are also processed during the cycle. If
necessary, new resource decisions are made before the start
of the time slot. At the end of the simulation, performance is
evaluated based on the preferred key performance indicator
(KPI). The packet is indicated as successfully received if
the received SINR at the receiver exceeds a predetermined
threshold γ∗ as outlined in Section III.

A. Comparison of different resource allocation modes

As a first step in the evaluation, we compared the packet
reception rate (PRR) for different resource allocation modes.
Figure 2 shows that the re-evaluation step has a significant im-
pact on sidelink mode 2 resource allocation. This step ensures
efficient utilization of resources, resulting in increased com-
munication reliability between AGVs. Compared to sidelink
mode 2 without re-evaluation, the re-evaluation step in mode
2 resource allocation shows an improvement of about 1.2%.
The introduction of the re-evaluation step in mode 2 improves
the performance as it considers the more recent channel
estimates. Figure 2 also illustrates the achieved PRR of both
random and gNB controlled (mode 1) resource allocation. The
random allocation has a lower performance overall, while the
gNB controlled (mode 1) and NR-sidelink mode 2 with re-
evaluation have comparable PRR values. In conclusion, the
re-evaluation step in the mode 2 sensing procedure is critical
in ensuring the successful transmission of data by selecting
the appropriate resources.

B. Impact of enabling HARQ

Next, the impact of enabling HARQ in mode 2 resource
allocation is analyzed. HARQ is a crucial technique to enhance
communication reliability in sidelink. It enables packet re-
transmission to decode packets after multiple tries and im-
proves overall reliability. The technique of soft-combining
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is utilized in this study as a method for HARQ [15]. Soft
combining aims to improve the quality of a received packet
by merging the SINR of unsuccessful transmissions of the
same packet. It works by keeping the previous versions of
the identical packet sent and then combining it with the most
recent version of the packet received. In this paper we have
assumed a maximum of one re-transmission, meaning that
when a packet is not correctly received, the transmitting AGV
will re-transmit the same packet. However, if the packet is
still not correctly received after the re-transmission, it will be
dropped.

When using a 10 ms packet generation period and 20 MHz
bandwidth, the use of HARQ significantly improves reliability.
This improvement is particularly noticeable for a group of
8 AGVs, with approximately a 0.65% increase in PRR as
shown in Figure 3. However, even for a group of 6 AGVs,
there is a noticeable improvement with a PRR of 99.95%, and
for a group of 4 AGVs, the PRR increases to 99.9999%. It
is important to note that while HARQ adds redundancy to
transmitted data, it may reduce communication reliability in
certain circumstances, such as network congestion leading to
delays or lost re-transmission requests [8].

When using HARQ for error correction, failure is pos-
sible, which negatively affects the overall communication
performance. This is especially noticeable when generating
packets every 3 ms, as the increased data traffic leads to more
frequent transmission. Using HARQ in this scenario can cause
congestion and more packet errors. Whether or not to use
re-transmission depends on the system’s requirements, as it
may only sometimes increase communication reliability. The
results as seen in Figure 3, show that re-transmissions can
increase congestion, particularly when generating data packets
frequently. While there is a slight improvement with 4 UEs
when using HARQ, the PRR noticeably degrades with 6 and
8 UEs.

C. Comparison of HARQ and full duplex mode

When an AGV in half-duplex mode transmits, all other
AGVs in its range must be in receiving mode to receive the
packet correctly. However, AGVs in a group may still select

the same resources due to half-duplex constraints and lost
packets. This study compares the reliability of HARQ-enabled
AGVs, full-duplex systems, and AGVs without HARQ. Fig-
ure 3 shows that full-duplex and HARQ-enabled AGVs have
comparable reliability with a 10 ms packet generation period
when there are 4 or 6 AGVs in a group. However, for a group
with 8 AGVs, full-duplex results in a higher PRR value than a
HARQ-enabled AGV and is less affected by high data traffic.

Similar observations are made when the packet generation
interval is set to 3 ms. Figure 3 indicates that full-duplex
maintains higher communication reliability even in a more
congested network, particularly for larger groups of AGVs
with higher data traffic, such as those with 6 and 8 AGVs.
However, the improvement is less significant for groups with
4 AGVs, where PRR only increases by 0.2% in full-duplex
compared to HARQ. The most noticeable difference is in the
scenario of 8 AGVs, where full-duplex improves the system by
1% compared to mode 2 and nearly 1.5% compared to HARQ-
enabled AGV. Unlike HARQ, full-duplex is not heavily af-
fected by high traffic volume, which makes it advantageous
for improving the system with both 3 ms and 10 ms packet
generation periods.

D. Cooperative Resource Allocation

Lastly, the outcomes of cooperative resource allocation
are discussed. This refers to sharing information regarding
resource scheduling, like reserved resources with a bandwidth
of 20 MHz. By examining Figure 4, it is evident that using a 10
ms packet generation interval results in a slight improvement.
However, using a 3 ms packet generation interval leads to a
more significant improvement, as transmissions occur more
frequently and collisions are more likely. Overall, cooperative
resource allocation is superior to mode 2 resource allocation
since coordination helps reduce collisions for higher data
traffic. Although the performance difference between these
two allocation methods is similar for a group of 4 AGVs,
it becomes more noticeable for larger groups of 6 or 8 AGVs.
Essentially, allowing nearby users to share information with
the leader AGV ensures reliable communication and optimizes
the use of radio resources.
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A2I uses mode 1 for resource allocation in the factory,
prioritizing data capacity over reliability. Figure 5 shows that
more AGvs lead to higher data traffic and throughput, with
a maximum of almost 11 Mbps for 8 AGVs. The group
of 8 AGVs has higher throughput due to a larger amount
of transmitted packets. When packets are generated every
3 ms, the system’s throughput increases due to higher data
traffic. Compared to a 10 ms interval system, the 3 ms
interval generates almost 3 times more packets and results in
approximately 3 times higher data throughput. This highlights
the congestion caused by frequent packet generation. Figure 5
displays the relationship between generation interval and data
throughput.

CONCLUSION

This paper examines the feasibility of using NR-sidelink in
Industry 4.0. NR-sidelink provides reliable and low-latency
communication, which is highly beneficial in this context.
Our analysis focuses on finding an optimal resource allocation
scheme for AGVs working cooperatively across a factory floor.
The analysis compares different resource allocation modes,
including additional techniques such as HARQ, full-duplex,
and cooperative resource allocation. For a group of four AGVs,
it was observed that the re-evaluation step in mode 2 sensing
significantly improved performance (the PRR) by approxi-
mately 1.2% compared to mode 2 sensing without this step.
It is noteworthy that mode 2 resource allocation performed
similarly to mode 1 resource allocation. Furthermore, the

study evaluated full-duplex, which enables the simultaneous
sending and receiving of data packets. It was observed that
efficiency and reliability improved, especially for 10 ms and 3
ms packet generation intervals, when full-duplex was used for
the considered use case. Additionally, a PRR of higher than
99.88% could be maintained even in a group of eight AGVs.
Lastly, this research paper considers the idea of cooperative
resource allocation for the considered use case. In this scheme,
AGVs collaborate by sharing reserved resources with a leader
AGV, who then assigns resources to other group member
AGVs. The most noticeable improvement is observed when
the packets are generated at a 3 ms generation interval.

To conclude, this research paper comprehensively analyzes
different resource allocation modes and additional techniques
to study the feasibility of NR-sidelink in factory applications.
The observations highlight that introducing a re-evaluation
sensing window ensures better resource selection and improves
the reliability of transmissions. Hence, full-duplex offers a
solution to enhance communication reliability. Moreover, the
cooperation between AGVs and the leader AGV significantly
improves the system’s reliability, even though it requires
additional control signals and resources. It is evident that NR-
sidelink has the potential to meet the QoS requirements of
industrial applications, especially in use cases that involve UEs
working in proximity to each other. Future work will evaluate
the achievable latency and upper bounds to the reliability
for various industrial applications. It would also be helpful
to consider the 5G-Ultra reliable low latency communication
(URLLC) features in NR-sidelink, including the potential
impact of time-sensitive networking.
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