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Abstract

Dedicated short-range communications (DSRC) and cellular vehicle-to-everything (C-V2X), along
with their advancements—IEEE 802.11bd and NR V2X—are two modern technologies capable of
supporting early-stage vehicular applications. Both DSRC and C-V2X are being significantly upgraded
to meet the demands of advanced vehicle applications, which require high reliability, low latency, and
high data throughput. One such application is smart parking guidance. With the increasing volume of
vehicles and the expanding use of V2X, a singular technology is not expected to handle the demands.
To enable efficient V2X communications, the literature has explored methods for interconnecting DSRC
and cellular networks. In this paper, we introduced a hybrid approach combining both DSRC and
C-V2X technologies to support a smart parking guidance application. We developed a model for our
proposal and as a future work we will use traffic and network simulations to evaluate the effectiveness
of our proposed approach.

Keywords: VANET; DSRC; C-V2X; V2X; smart parking; smart parking guidance; traffic simulation;
network simulation

1. Introduction

A large variety of advanced technologies has been brought into the market by the Intelligent
transportation system (ITS) in order to improve traffic efficiency, road safety and infotainment. The
advanced technologies are ranging from Vehicle-to-anything (V2X) communication to autonomous
and connected vehicles. In the context of ITS, Vehicle-to-anything (V2X) communication refers to the
communication between vehicles (V2V), vehicle and Infrastructure ( V2I) , vehicle and pedestrian
( V2P), vehicle and network (V2N) or vehicle and other various elements within the intelligent
transportation system. Nowadays, V2X communications are supported by two key radio access
technologies (RATs): Dedicated Short Range Communication (DSRC) and the Cellular Vehicle-to-
Everything (C-V2X) standards, and their evolutions respectively 802.11nd and 5G NR V2X.

DSRC is the native technology developed for V2X communication [4], it is based on IEEE 802.11p,
a modification of the Wi-Fi standard that allows vehicles to communicate wirelessly with each other
and with infrastructure over short distances, typically ranging from 300 meters to 1 kilometer. DSRC
operates in the 5.9 GHz frequency band. Low latency, short range, High Reliability and secure
communication are the key features of DSRC. The low latency is essential for safety applications such
as collision avoidance, emergency braking alerts. DSRC supports traffic management systems, which
allows vehicles to communicate with transportation infrastructure such as traffic lights or tolling
systems for traffic flow efficiency and congestion reduction.

The limitations of 802.11p in data rate, range, and reliability especially in complex urban environ-
ments or dense traffic have driven the development of 802.11bd as its successor providing higher data
rates, improved range, enhanced reliability and suitability for advanced V2X applications within the
intelligent transportation system. Despite the improvments, 80211bd framework is facing a significant
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competition from another emerging technology, the cellular vehicle-to-everything (V2X) , a technology
which leverages existing cellular networks ( 4G/LTE, 5G) for V2X applications.

Cellular Vehicle-to-everything abbreviated as C-V2X has been developed by 3GPP as another
technology of choice for Vehicle-to-everything communication (V2X). The initial specifications for
LTE-based V2X communication have been introduced in 3GPP Release 14, including PC5 interface for
direct communication known as Vehicle-to-vehicle (V2V) communication, and Uu-based interface for
communication between vehicles and network (V2N). 3GPP defines two modes for radio resources
allocation in direct communication through PC5; In mode 3, The radio resource management is
manged by Radio Access Network (RAN) in cellular coverage, while out of cellular coverage the
vesicles autonomously allocate the resources.

Leveraging the capabilities of 5G, 3GPP has published 5G NR V2X under the release 16, to
provide enhanced performance and functionalities for V2X communication. A wide range of uses cases
have been introduced and categorized by 3GPP and 5GAA into different groups; vehicle platooning,
Advanced driving, Extended sensors and remote driving. Extra groups have been defined by 5GAA
by merging the use case outlined by 3GPP in REL14 and REL15, with additional use cases from REL16.
These extra groups includes safety, vehicle operations management, Convenience, Autonomous
driving, platooning, traffic Efficiency and environmental friendliness, Society and community.

The significant technological advancements particularly in vehicle and infrastructure industry
are forcing stakeholders within the ecosystem to explore new approaches to successfully benefit from
these advancements. Interworking DSRC and C-V2X is one of such emergent technology, which is
nowadays is widely addressed and discussed by researchers given the opportunities that offer for
improving V2X communication. For instance, two solutions have been discussed in [10] to integrate
DSRC and CV2X into a single V2X system based on a dual-interface enabled V2X communication
system. The first option is based on frequency range sharing in the frequency band (5.85-5.925 GHz),
while the second option involves seamless switching between the two access technologies DSRC and
V2X communication system based on the QoS requirements and Radio Access Technology (RAT)
selection strategy. Combining advantages of both DSRC and Cellular technology to build an hybrid
solution has been addressed in [1]. In hybrid mode, the cellular network play the role of a backup
of V2V data transmission when V2V multi-hop links are down, or as an access network gateway to
the internet or backbone for control message dissemination. Another approach based on spectrum
sharing between DSRC and CV2X has been addressed in [11], where the V2X platform models enable,
additionally to ITS frequency band sharing, the simultaneous and concurrent transmission of C-V2X
and DRSC messages. Authors in [13] developed a Quality of Service (QoS)-aware relaying algorithm
(QR) based on multiple metrices to prioritize dual-interface vehicles (DVs). The proposed algorithm
provide a reliable communication between vehicles equipped with various RAT. Another scenario
where both DSRC and C-V2X coexist has been discussed in [2]. Thanks to this coexistence the signal
coming from base station (BS) is amplified by C-V2X users while DSRC users introduce interference in
the relay-assisted link.

In the related work section we have explored the state-of-the art research addressing the interop-
erability between VANET (DRSC) and C-V2X, covering several topics ranging from spectrum sharing
and Cross-layer integration to dual mode and hybrid architecture. Furthermore, in order to better
understand the strengths and limitations of the reviewed solutions, we have classified the reviewed
contributions according two main aspects: performance metrics and application domains.

The growing number of V2X applications and uses cases necessitate a stringent QoS requirements,
including low latency, data reliability, high data rates and extended communication range. Fulfilling all
of these QoS performance requirements using just a single communication technology is a significant
challenge. For instance, the limitation of using a single V2X technology to support reliable and efficient
V2X communication is discussed in [1] ,according to the authors interworking both DSRC and cellular
technologies is considered more promising. As stated by authors in [7], V2X applications such as
connected and autonomous vehicles will necessitate a collaborative use of both DSRC and Cellular
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technologies. The heterogeneous wireless network proposed by authors in [10], allows the coexistence
of multiple radio access technologies (RATs), thereby enabling V2X applications support such as
Advanced Driver Assistance Systems (ADAS) and Connected and Autonomous Driving (CAD).

As a V2X application, smart parking system is one of the promising applications in smart cities,
which improve the overall traffic efficiency in urban transportation. Leveraging the infrastructure,
such as road side units (RSU), parking garages, street signs, supporting V2X communication modules,
the vehicles/drivers, continuously receive real-time parking availability information, and based on the
received data, the vehicle’s navigation system guide the driver to the nearest available parking facility.
Some smart parking system provide remote reservation and payment of parking spaces, reducing
the need for manual transactions. Numerous smart parking approaches can be found through in the
literature [42].

The following sections of the article are organized as follows: we address in section II the state-of-
the art of interworking DSRC and Cellular V2X communication systems. We conducted an analysis
and critical assessment of the reviewed contributions in section III. In the subsequent section, we
present our model of combining DSRC and V2X architectures to provide end to end guidance for smart
parking users. The section V is dedicated to conclude the article and explores prospects for future
research.

2. Related Work

From among common goals of DSRC and cellular V2X is enhancing traffic efficiency by enabling
vehicle-to-everything (V2X) communication, such as vehicle-to-vehicle (V2V), vehicle-to-infrastructure
(V2I), and vehicle-to-pedestrian (V2P). Despite interworking both systems is a complex and critical
aspect of future intelligent transportation systems, several research works and V2X solutions providers
have been addressed combining the strengths of both technologies to provide reliable, efficient, and
secure communication between vehicles and infrastructure.

In order to better understand the existing contributions and identify key trends, we adopt a
multicriteria approach to classify the related work papers. In This approach we classified the literature
according to two key aspects: performance metrics and applications areas, the widely addressed
criteria in the domain. The structured classification not only help us to highlight gaps in current
studies, but also identify potential areas for enhancements and future research.

The performance-based classification considers factors such as latency, reliability, throughput,
and scalability to evaluate the efficiency of different interoperability solutions. On the other hand, the
application-based classification sorts studies according to real-world use cases, including autonomous
driving, smart traffic management, emergency vehicle communication, and platooning, etc. By
structuring the literature along these two dimensions, our study aims to highlight the strengths and
limitations of current approaches, particularly in the context of smart parking application, and provide
directions for future developments in C-V2X and VANET integration.

2.1. Technical Performance: Advances and Limitations
2.1.1. Latency& Throughput

The paper [3] emphasizes the importance of developing RATs that enable reliable and low-latency
vehicular communications, which are crucial for autonomous vehicles. It mentions the need for high
throughput to support advanced vehicular applications.

The paper [5] introduces a Quality of Service aware relaying algorithm (QR) that enhances the
reliability of message relaying in heterogeneous vehicular networks. The QR algorithm prioritizes
dual interface vehicles (DVs) to ensure robust communication, which is crucial for safety applications.
The simulation results indicate that the proposed QR algorithm achieves a higher packet reception rate
(PRR) of 87%, compared to standard protocols, which suffer from high congestion and collisions on
the control channel. This suggests improved throughput and reduced latency in message delivery.
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The paper [6] discusses the inter-packet gap, which is the time interval between sending and
receiving packets during vehicle communication. A lower inter-packet gap indicates better latency
performance, particularly for C-V2X, which tends to achieve more frequent communication frequencies
in high vehicle density scenarios. The maximum hearing range is another critical performance
metric, defined as the maximum distance over which vehicles can communicate. DSRC tends to
maintain a greater maximum hearing range compared to C-V2X, which is essential for ensuring
reliable communication in various traffic conditions.

The paper [9] examines the latency associated with both DSRC and LTE-V2X technologies,
particularly in the context of their communication capabilities in various driving scenarios. It highlights
the need for future studies to compare maximum throughputs among multiple V2X technologies,
especially when considering 5G technology and bandwidth-demanding applications.

The paper [10] emphasizes the importance of minimizing latency in vehicular networks. It
discusses how the proposed hybrid approach with Dynamic Communication Management (DCM)
can reduce delays associated with Vertical Handover (VHO) and Radio Access Technology (RAT)
selection. The study shows that excessive traffic through a single interface can lead to increased latency,
highlighting the need for efficient management of communication resources. The paper evaluates
throughput as a critical performance metric, indicating that the hybrid approach can achieve better
throughput by intelligently managing RAT selection and reducing the number of VHOs.

The paper [13] evaluates the performance of the proposed protocol by analyzing the dissemination
of REQUEST messages over the VANET system and vehicle data reporting by elected representative
nodes through the LTE system. The achievable throughput of FCD collection is highlighted as a key
issue due to the large amount of data that can be gathered from vehicles. The proposed approach
aims to maximize LTE offloading by adapting to the penetration degree of DSRC, which is crucial for
efficient data collection and network performance.

The paper [17] emphasizes the importance of low latency communication for safety-critical
messages, such as collision avoidance warnings and emergency braking. The proposed intelligent
technology selection algorithm aims to reduce network latency, which is crucial for timely responses
in vehicular networks. The performance of the intelligent hybrid V2X algorithm is assessed in terms
of enhancements in one-way end-to-end latency, reliability, and packet delivery rate compared to
conventional static technology usage.

The paper [18] evaluates data latency and transmission reliability, highlighting that DSRC is
suitable for latency-sensitive safety applications, while C-V2X offers high data rates for real-time traffic
management. DSRC and C-V2X support critical vehicular communications with low latencies and
high transmission rates, whereas LoRa offers extended coverage and low power consumption but with
lower throughput and higher latency.

The paper [19] examines the impact of adjacent channel interference on DSRC’s latency and
throughput. It highlights that interference from IEEE 802.11ac can significantly degrade DSRC perfor-
mance, which is critical for time-sensitive vehicular safety application.

The paper [21] evaluates the average end-to-end delay for different communication technologies,
such as DSRC, LTE in infrastructural mode, and LTE Device-to-Device (D2D) mode 3, under varying
conditions like communication perimeter, message generation frequency, and road traffic intensity.
The study measures the Packet Delivery Ratio (PDR) to assess the reliability of the communication
technologies in urban scenarios. The results indicate that DSRC achieves a PDR above 96%, while
LTE-I and LTE-D2D mode 3 have lower PDRs under certain conditions.

The paper [26] addresses the issue of high transmission delay and data redundancy in existing
VANET-based schemes. It proposes a cloud-assisted message dissemination framework to enhance the
efficiency and speed of message delivery in urban scenarios. The performance of the proposed scheme
is evaluated using simulations to analyze transmission delay in one-hop communication, which is
crucial for timely message dissemination.
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The paper [27] primarily discusses the performance aspects of integrating VANET (Vehicular Ad-
hoc Networks) with 3G/UMTS networks, focusing on several key performance metrics. It evaluates
average delay as part of its performance metrics. The integration aims to minimize delays by selecting
a minimum number of gateways to connect vehicles with the UMTS network, which helps in reducing
control packet overhead (CPO) and maintaining optimal performance during handovers. The paper
measures aggregate throughput as a critical performance metric. The integration of IEEE 802.11p and
UMTS-UTRAN network interfaces is implemented to enhance throughput, leveraging the high data
rates of IEEE 802.11p-based VANETs and the wide coverage of 3GPP networks. The paper reports
improvements in data packet delivery ratios (DPDR) with the proposed Clustering-based Multi-metric
Gateway Management (CMGM) mechanism. The mechanism shows significant improvements in
DPDR over other protocols, indicating enhanced reliability in data transmission.

The paper [28] proposes a hybrid architecture, VMaSC-LTE, which combines IEEE 802.11p based
multi-hop clustering and LTE to achieve high data packet delivery ratio and low delay while mini-
mizing the use of cellular infrastructure. This approach is designed to address the unique challenges
of VANETS, such as rapid topology changes and network fragmentation, to ensure the feasibility of
deploying safety applications.

The paper [31] emphasizes the need for low latency and high throughput in vehicular communica-
tions, especially for applications related to vehicle driving safety. The CTDHR framework is designed
to improve these performance metrics by integrating DSRC and C-V2X technologies.

The paper [32] primarily discusses performance aspects of vehicular networks, focusing on
latency, throughput, and quality of service (QoS). It proposes a Traffic Differentiated Clustering
Routing (TDCR) mechanism within a Software Defined Network (SDN)-enabled hybrid vehicular
network, aiming to optimize data delivery by balancing cellular bandwidth costs and end-to-end
delay. The TDCR mechanism addresses the challenge of long end-to-end delays and low data rates in
multi-hop DSRC transmissions by integrating cellular networks, which offer higher throughput but at
a cost. The proposed solution aims to minimize latency while maintaining high throughput, crucial for
delay-sensitive applications.

In [33] The integration of C-V2X and DSRC aims to reduce latency in vehicular communications.
For instance, the use of Mobile Edge Computing (MEC) in V2X systems has been shown to optimize
latency for real-time traffic and road safety applications, achieving significant reductions in message
transfer times. The combination of C-V2X and DSRC enhances throughput and PDR by leveraging the
strengths of both technologies. For example, a proposed protocol for C-V2X prioritizes communication
based on risk levels, improving throughput and reducing channel congestion. DSRC, when optimized
with schemes like Semi-persistent Contention Density Control (SpCDC), can increase PDR by more
than 10% in heavy vehicle load scenarios.

The paper [39] primarily discusses performance aspects of vehicular communication systems,
focusing on optimizing channel selection to enhance data rates and reduce interference. The study
introduces a novel joint spectrum prediction and selection scheme for DSRC users, leveraging tech-
niques such as the Indian buffet process and deep reinforcement learning to predict and select idle
channels effectively. The proposed algorithm improves the average data rate of DSRC users by 15%,
demonstrating enhanced throughput capabilities compared to other methods.

2.1.2. QoS & Reliability

The hybrid approach in [1] is suggested to improve reliability by providing a backup for vehicular
data when V2V (Vehicle-to-Vehicle) multi-hop connections fail in sparse networks. The integration aims
to enhance communication efficiency by using cellular networks for Internet access and as a backbone
for control message distribution. The paper [2] aims to improve the quality of the V2I (Vehicle-to-
Infrastructure) link through V2V (Vehicle-to-Vehicle) communications. It discusses enhancing the
coverage of the overall network by boosting the signal from the Base Station (BS).
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The paper [7] discusses how a cooperative/coordinated V2X system can provide higher reliability
compared to standalone systems, especially in congested traffic scenarios. This reliability is vital for
ensuring consistent communication between vehicles.

The paper [8] emphasizes the need for a high-Q tuneable band-stop filter to mitigate interference
from DSRC emissions affecting the ITSC-V2X receivers. This is crucial for maintaining performance
metrics such as reliability and quality of service in vehicular communication systems. It discusses
the design principles and modeling of a dielectric-resonator band-stop filter, which is essential for
ensuring minimal insertion loss in the ITSC-V2X band while providing at least 20 dB of rejection within
the EU-DSRC band.

The paper [11] indicates that both DSRC and C-V2X technologies are capable of supporting
safety applications with a D2D latency of 100 ms in low to moderate vehicular density environments.
However, it also notes that the current states of these technologies may not consistently meet the
stringent quality of service (QoS) requirements for advanced applications. The need for improved
QoS is a recurring theme, as both technologies face limitations in addressing the demands of highly
mobile vehicular networks (VANETSs). The paper discusses the necessity for enhancements in data
rates, reliability, and overall service quality to support hybrid connectivity.

The paper [19] discusses the need for adjusting Wi-Fi transmission parameters to maintain QoS for
DSRC applications. This involves using conservative channelization options to minimize interference
and ensure that safety-critical messages are delivered reliably. The reliability of DSRC communications
is affected by interference from coexisting networks. The study suggests that the packet delivery ratio
(PDR) can drop significantly in the presence of high channel busy ratios, indicating a direct impact on
communication reliability.

The paper [22] proposes collaborative SVC video streaming methods specifically de signed for
vehicular networks utilizing Vehicle-to-Vehicle (V2V) communications. These methods involve group-
ing vehicles into collaborative clusters and dynamically varying the cluster head based on changing
wireless channel conditions. The study employs LTE technology for transmitting video to cluster heads,
while IEEE 802.11p is utilized for communication between vehicles. The collaborative techniques are
also extended to the Vehicle-to-Infrastructure (V2I) communication scenario, demonstrating versatility
in application. Simulation results indicate that the proposed collaborative methods significantly en-
hance Peak Signal-to-Noise Ratio (PSNR) and Quality of Experience (QoE) metrics when compared to
traditional non-collaborative scenarios. This improvement highlights the effectiveness of the proposed
techniques in delivering high-quality video streaming.

The paper [24] introduces a new integrated architecture that combines VANETs with LTE to
facilitate multimedia communication among spatially-separated vehicular groups.This architecture
aims to enhance the quality of service (QoS) for users in these networks. The paper discusses the Packet
Error Rate (PER) as a measure of reliability. It notes that the proposed PUMA over CVMT shows a
decrease in PER compared to standard PUMA and AODV unicasts, indicating enhanced reliability.
The results showed that PUMA over CVMT achieved an average DPDR increase of 6.49% compared to
standard PUMA and 16.91% compared to simultaneous AODV unicasts using CMGM. The paper also
addresses QoS issues related to multicasting in the integrated network. It proposes a QoS framework
for the LTE eNB to schedule and serve the VANET gateways, ensuring that multimedia sessions meet
service requirements.

The paper [25] primarily discusses performance aspects in the context of vehicular communication
networks, particularly focusing on the use of 3G cellular networks and VANET (Vehicular Ad Hoc
Networks) protocols. The paper evaluates the performance of VANET routing protocols, emphasizing
improvements in route selection and packet delivery ratio when using 3G-based solutions for dissemi-
nating connectivity information. It highlights the use of cellular networks as a backup to enhance the
performance of routing protocols, especially when the information in vehicles is scarce or cannot be
disseminated effectively.
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The paper [29] primarily discusses performance aspects related to a Fuzzy Multi-metric QoS-
balancing Gateway Selection Algorithm in a Clustered VANET to LTE Advanced Hybrid Cellular
Network. The paper evaluates the performance of the proposed algorithm in terms of delay and packet
loss, indicating a focus on latency and throughput. The simulations show that the algorithm performs
better than the deterministic approach in these areas. The algorithm is designed to consider QoS traffic
classes constraints for electing the gateway, which is a central theme of the paper. It uses a multicriteria
and QoS-based scheme optimized by fuzzy logic to make decisions over the appropriate gateway.

The paper [35] primarily discusses the performance aspects of a heterogeneous LTE/DSRC
approach for vehicular communications. The paper emphasizes the reliability of the proposed solution,
particularly in maintaining a high packet reception ratio (PRR) for video streaming and other services.
The heterogeneous approach is shown to outperform the DSRC-only approach in terms of reliability.
It discusses how the heterogeneous approach can dynamically allocate services based on network
performance, thereby supporting differentiated service requirements and enhancing QoS for various
V2X applications.

The paper [38] addresses the challenge of reliable communication, especially when vehicles
are separated by larger distances or obstructed by trucks. It proposes a combined cellular/direct
communication scheme to ensure reliable communication. The paper examines the handoff rate
between direct and cellular communication links and proposes a hysteresis factor to reduce the number
of handoffs, thereby improving efficiency. The combined cellular/direct link is suggested to reduce
transmission costs while providing a high-quality communication link.

The paper [40] primarily discusses the performance aspects of two technologies, ITS-G5 and
sidelink LTE-V2X, in the context of their co-channel coexistence. It examines how these technologies
perform when used simultaneously in the same frequency channels without infrastructure assistance.
The focus is on the impact of co-channel coexistence on the range and performance of ITS-G5 and
LTE-V2X. The results indicate that the range of ITS-G5 is significantly degraded under these conditions,
while the impact on LTE-V2X is marginal. The paper also explores a mitigation method to reduce
the negative impact of co-channel coexistence. By constraining the CAM data generation to periodic
intervals, the degradation of ITS-G5 performance is lessened, and there is even an improvement in
LTE-V2X performance.

2.1.3. Efficiency & Scalability

This study presents the experimental evaluation of DSRC and LTE performance on several quality
criteria for V2X applications in simulated environments [4]. According to the simulation results,
DSRC operates well within its parameters, especially in urban settings with slower moving vehicles.
According to the study, LTE performs better than DSRC in terms of packet delivery ratios, with
LTE reaching delivery rates of 95% or greater than DSRC’s maximum of 80%, which quickly drops
in unfavorable circumstances. This implies that for V2X communications, LTE might be a more
dependable choice. Larger scale deployments are anticipated as 5G technology advances, which could
improve V2X systems even further.

The paper [12] mentions that DSRC technology achieves a latency of 0.2 microseconds, which is
critical for active safety applications that require real-time communication to prevent accidents. The
potential for a mixed-hybrid DSRC-VLC network is mentioned, indicating a direction towards scalable
solutions that can adapt to various traffic conditions and demands.

The paper [14] addresses the challenge of limited licensed radio resources in 5G networks, which
affects the ability to serve a large number of vehicles efficiently. The paper proposes a re-clustering
method to balance the load of Base Stations (BSs), which is crucial for optimal resource management
and reducing cochannel interference. The re-clustering method also improves the packet delivery
ratio by at least 5%, which is a measure of reliability in data transmission. The method enhances the
load balance of BSs by at least 90%, which contributes to better network performance and efficiency.
The study [15] models a scenario where both DSRC and C-V2X coexist, analyzing the interference
and signal enhancement dynamics in a 2D Manhattan grid setup. The paper models the interference
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caused by DSRC users in a relay-assisted link and explores how cellular users can enhance signals
from base stations. This is crucial for understanding the dynamics of coexistence between DSRC and
C-V2X technologies.

The paper [16] primarily discusses the performance aspects of vehicular communication systems.
It focuses on improving communication efficiency by integrating Dedicated Short-Range Communica-
tion (DSRC) with Long-Term Evolution Vehicle-to-Everything (LTE-V2X) technology. By combining
the strengths of DSRC and LTE-V2X, the system offers improved scalability and efficient spectrum
utilization. This integration supports seamless communication across different vehicular environments,
facilitating large-scale deployments in smart cities and enhancing the overall efficiency of vehicular
communication systems.

The paper [20] employs a simulation-based approach using the WiLabV2XSim simulator to model
vehicular networks and assess the performance of these technologies under different scenarios. A
significant focus is on optimizing channel allocation between DSRC and C-V2X to improve system
performance. The study finds that different channel allocations yield better results in highway versus
urban environments. The paper also addresses challenges related to the coexistence of DSRC and
C-V2X, such as interference and differences in MAC layer designs, which impact performance.

The paper [23] presents a vehicular heterogeneous wireless network that combines VANETs and
cellular technologies to enhance internet access for vehicles. A significant focus of the study is on
addressing the handover problem. The authors propose a performance guaranteed optimal handover
decision algorithm that manages vehicle connections effectively, ensuring seamless transitions between
networks. The proposed method includes a joint optimization approach that aims to maximize the
overall data rate across the network while maintaining a balanced load among all access points. The
results indicate that vehicle density significantly affects transmission rates. Higher vehicle density
leads to increased competition for bandwidth, resulting in lower data rates for individual vehicles.
This finding highlights the importance of managing vehicle density to optimize network performance.
The paper includes simulation results that validate the effectiveness of the proposed algorithm.

The study [34] provides insights into the packet receive performance of DSRC and C-V2X, which
are critical for understanding the reliability of these communication technologies. The study conducts
a comparative analysis of DSRC and C-V2X technologies, focusing on network layer performance
metrics such as packet loss, mean packet loss (PL), and mean burst loss (MBL). The paper highlights
the importance of field experiments to evaluate the performance of these technologies, as simulations
may not fully reflect real-world conditions.

2.1.4. Energy Efficiency and Costs

The paper [36] proposes an energy sensing-based spectrum sharing scheme to enable cellular V2X
users to share the unlicensed spectrum fairly with VANET users. This approach aims to maximize
the number of active cellular V2X users while considering interference, thereby enhancing spectrum
efficiency. The paper analyzes the stability, convergence, and computational complexity of the proposed
dynamic vehicle-resource matching algorithm (DV-RMA), which is designed to solve the resource
allocation problem in the spectrum sharing scenario.

2.2. Applications in Real-World Contexts
2.2.1. Road Safety & Traffic Efficiency

The paper [5] emphasizes the importance of reliable communication for road safety applica-
tions, highlighting how the QR algorithm can facilitate timely alerts regarding traffic accidents and
unusual situations. By enabling effective communication between vehicles and roadside units, the
proposed protocol supports improved traffic management and efficiency, which is essential for smart
transportation systems.

By utilizing both C-V2X and DSRC technologies, the paper [7] suggests that traffic efficiency
can be improved, particularly in heavy traffic scenarios where communication congestion can be a
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challenge. The paper underscores the role of V2X communications in enhancing road safety through
timely information exchange between vehicles, which is crucial for preventing accidents.

A significant focus of the paper [11] is on the role of V2X communications in enhancing road
safety through applications like Cooperative Awareness Messages (CAM) and other safety-related
services. The paper discusses how V2X technologies can improve traffic management and efficiency,
particularly through applications that facilitate coordinated driving and dynamic ride-sharing.

The paper [15] emphasizes the role of vehicular communications in enhancing road safety by
facilitating better V2V and V2I communications. This is achieved by using idle users to boost signals
from base stations, thereby improving network coverage and reliability. Traffic efficiency is improved
through the enhanced quality of V2I links, which can lead to more efficient traffic management and
reduced congestion.

the paper [16] highlights the potential applications of the integrated system in enhancing road
safety and traffic management. The improved communication efficiency can lead to better coordination
among vehicles, reducing the risk of accidents and improving traffic flow. The integration is designed
to be compatible with future technologies such as 5G, ensuring long-term relevance and adaptability
to evolving vehicular communication needs. This forward-looking approach supports the transition to
more advanced transportation infrastructures.

The paper [17] highlights the role of hybrid V2X communication in enhancing road safety by
enabling quick and reliable transmission of safety-critical messages. The proposed intelligent tech-
nology selection algorithm aims to reduce network latency, which is crucial for timely responses in
vehicular networks. By optimizing data communication between V2X nodes, the algorithm contributes
to improved traffic efficiency.

By optimizing channel allocation and improving performance metrics, the study [19] contributes to
enhancing road safety and traffic efficiency, which are critical applications of vehicular communication
technologies. The findings related to urban scenarios suggest improvements in urban mobility through
better channel allocation strategies.

The framework developed in [26] aims to improve road safety and traffic efficiency by rapidly
disseminating safety messages from a remote server to targeted areas, leveraging cloud computing
and diverse communication technologies. The cloud-assisted framework efficiently delivers important
traffic information, such as traffic accidents and route recommendations, to vehicles in the targeted
area, enhancing overall traffic management.

The primary application focus in [28] is on improving road safety by providing timely and efficient
data dissemination about events like accidents, road conditions, and traffic jams. By enhancing the
communication infrastructure, the paper indirectly contributes to traffic efficiency, as better data
dissemination can lead to improved traffic management and reduced congestion.

The paper [30] highlights the importance of advanced safety features in vehicle-to-everything
(V2X) communication, which includes blind-spot warnings, forward collision warnings, and emer-
gency vehicle-approaching signs. These features are crucial for enhancing road safety and traffic
efficiency by providing real-time data to find the shortest and safest path to the destination.

The paper [31] highlights the importance of vehicular communication in enhancing road safety
and traffic efficiency. By reducing latency and improving throughput, the CTDHR framework supports
applications that require rapid data exchange, such as emergency services and traffic management
systems. One of the primary goals of the CTDHR framework is to reduce communication costs for users
by minimizing the use of cellular networks and maximizing the use of VANETSs for data transmission.

The integration of Cellular V2X (C-V2X) and Dedicated Short-Range Communication (DSRC) is
explored in [33] to enhance the efficiency and reliability of data dissemination in vehicular networks.
Enhanced performance in latency, throughput, and reliability directly contributes to road safety, traffic
efficiency, and the development of smart mobility solutions. For instance, the ability to disseminate
safety messages quickly and reliably can significantly reduce the risk of accidents and improve traffic
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flow. Moreover, the integration of advanced communication technologies supports the transition to
autonomous driving and sustainable transportation ecosystems.

By facilitating efficient spectrum sharing and improving the performance of cellular V2X systems,
the paper [36] contributes to the broader goals of intelligent transport systems (ITS), which include
traffic efficiency and safety-critical applications.

2.2.2. Infotainment

The paper [22] proposes methods based on grouping vehicles into collaborative clusters, where
cluster members cooperate to share video transmitted by a cellular base station. This approach is
extended to V2I communications, enhancing the overall system model. The envisioned architecture
in [24] aims to provide seamless data connectivity for uninterrupted multimedia sessions among
spatially-apart vehicular clusters. This is a key application area discussed in the paper.

The paper [35] proposes a service-aware radio access technology (RAT) selection algorithm to
efficiently utilize the available radio access technologies, thereby improving the overall efficiency of the
vehicular communication system. The paper considers see-through applications, which require high
reliability video streaming, as an example of infotainment services that can benefit from the proposed
approach.

The paper [38] mentions the potential for communication systems to provide entertainment or
leisure-related data, which could increase the popularity of safety and control systems. This includes
applications like interactive video games, private vehicular theater, or video conferencing between
vehicles. It discusses the demand for communication systems among groups of vehicles traveling
together, such as friends or business colleagues, which is currently limited to voice communication via
cellular phones or amateur radio.

2.2.3. Urban Transportation & Smart Mobility

The paper [13] discusses both performance metrics and applications related to the collection of
Floating Car Data (FCD) using a hybrid networking approach that combines Dedicated Short Range
Communications (DSRC) and Long Term Evolution (LTE) technologies. The paper addresses vehicular
traffic monitoring, which is essential for Intelligent Transportation System (ITS) services. This includes
real-time, high spatial and temporal resolution monitoring enabled by the communication platforms
being deployed .

The paper [29] is situated within the context of ITS, aiming to provide more safety in transportation
systems and other high QoS-based services and applications for customers.

The paper [37] discusses the integration of different access networks, such as DSRC and cellular
networks, to enhance the delivery of information. This integration supports the delivery of information
on highways and other specific geographical areas, ensuring that the right information reaches the
right users. The system utilizes Geo-messaging to deliver information selectively to users based on
their location and transport mode. This approach ensures that information is only delivered to users
who are in the relevant geographical area and in the appropriate transport mode, such as driving on a
highway.

2.2.4. Autonomous Vehicle/Driving /Emergency Services and Other Application Area

the paper [6] highlights a trade-off between communication range and interval for C-V2X and
DSRC across different traffic scenarios like ramp merging, intersections, and platoon braking to
improve traffic safety. C-V2X tends to excel in high-density ramp merging and platoon braking due to
its frequent communication, while DSRC shows advantages in high-density intersections due to its
longer communication range and less frequent communication needs with infrastructure support. The
study Explores how Connected and Automated Vehicles (CAVs) use these technologies to improve
real-time decision-making.

The paper [10] address the requirements of emerging Vehicle-to-Everything (V2X) applications,
such as Advanced Driver Assistance Systems (ADAS) and Connected and Autonomous Driving (CAD).
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These applications necessitate high performance in terms of latency, reliability, and throughput to
function effectively.

The paper [25] discusses the use of existing mobile telecommunication networks to provide data
communication services for vehicles, which is a common application in vehicular environments. It
presents a solution that uses 3G networks not only for data communication but also for disseminating
control information relevant to multiple applications, services, and protocols.

The study [34] is one of the few that conducts comparative testing between C-V2X and DSRC,
aiming to provide ground truth data to the industry for understanding the performance differences
between these technologies. The results from the tests are intended to help connected and automated
vehicle (CAV) deployers and researchers identify the most suitable communication technology for
their needs.

2.2.5. New Frontiers: 6G and Beyond

The paper [41] addresses the security of V2X communication within the context of 6G networks,
recognizing that as vehicles become more connected and autonomous, they also become increasingly
vulnerable to security breaches and cyber-attacks. The paper discusses the architecture and stan-
dards utilized in 6G-enabled V2X communications, emphasizing its role in enhancing road safety
and transportation efficiency. It highlights that V2X in 6G will introduce unconventional risks and
vulnerabilities. A comprehensive analysis of V2X security is provided across the Confidentiality,
Integrity, Availability, Authentication, and Access Control (CIA%) domains. The CIA3 model is used as
a framework to evaluate the security of V2X communication in 6G networks.

3. Analysis and Critical
3.1. Analysis

In Table the previous section, we presented a list of performance metrics — latency, throughput,
reliability, efficiency, scalability, quality of service- along with the key papers that address each of them.
We have selected these essential metrics due to their frequent use in evaluating the performance and
effectiveness of cellular and VANET systems. For instance, latency and throughput are fundamental
metrics widely used for their role in assessing cellular networks and VANET networks such as DSRC.
Latency, a metric used to measure the delay a data packet took from a sender to a receiver, is an essential
factor for time sensitive applications such as safety-application in DSRC. Meanwhile, throughput
is a vital factor frequently used to measure the communication reliability especially in high-density
environments such cellular networks that servers a huge number of connected devices.

The key research papers included discuss and illustrate one or more metrics either in cellular
V2X or in VANET (DSRC) or, in case of coexistence, in both systems. They present their strengths and
limitations, highlight the impact on the network performance, and propose approaches and solutions
to improve the overall performance through optimizations in the various metrics.

A various applications area has been addressed as well by the referenced papers, these applications
are ranging from improving traffic efficiency and safety to supporting autonomous vehicles and
enhancing urban mobility. Road safety and traffic efficiency recognized as two key components of
intelligent transportation system, have received considerable attention in the literature. For instance,
various referenced research in the table emphasize the importance of reliable communication of
safety messages such as collision avoidance and emergency braking. To improve traffic efficiency,
several approaches and techniques have been proposed by the literature including protocol algorithm
adjustment, the adaptation of routing protocols, and deploying heterogenous networks. The urban
mobility benefits from the integration of intelligent transportation system key components such as
connected and autonomous vehicles, multimodal transportation models, and smart parking.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.0177.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 October 2025 d0i:10.20944/preprints202510.0177.v1

12 of 23

3.2. Critical

Although these studies addressing the interoperability of C-V2X and DSRC technologies provide
important contributions, their focus is largely limited to performance-based metrics and application
domains referenced in the realted work section. However, we have noticed a clear research gap in the
exploration of smart parking system in the context of DRSC and C-V2X interoperability.

Despite smart parking system plays a major role within intelligent transportation system, -
contributing to more efficient traffic flow, reducing traffic congestion and decreasing environmental
impact such as fuel consumption and Co2 emission- the existing body of research has not attracted
sufficient research interest. Exploring smart parking system in the context of CV2X and DSRC
interoperability could has the potential of optimizing parking allocation, enhancing the accuracy of
real-time space availability detection, and provide a good parking guidance experience for drivers.

This gap represents for us a key opportunity for research. We will explore how the interoperability
of C-V2X and DSRC can be leveraged to enhance smart parking experience, with a particular focus on
the guidance mechanism as a critical component of smart parking system. The proposed scheme will
contribute to the development of a more efficient smart parking solution by improving the parking
guidance experience through an End to End guidance approach, ensuring seamless navigation from
the departure point to the final parking spot within the facility.

To the best of our knowledge, in the context of CV2X and VANET interoperability, researchers
have not focused yet on smart parking application. In particular guidance, it has not attracted
significant attention. Guidance plays a crucial goal in guiding drivers to available parking spaces,
which helps mitigate traffic congestion. By reducing congestion, guidance service in smart parking not
only decreases fuel consumption, but also minimize driver’s frustration, conducting to a more efficient
and pleasant parking experience.

In the following section we introduce a comprehensive parking guidance model that leverages
the interoperability between cellular V2X and VANET technologies. The proposed model is designed
to enhance the efficiency of parking space detection, allocation, and navigation by leveraging real-time
vehicular communication.

4. Interworking VANET and C-V2X: Application in Smart Parking

We leverage the strengths of both technologies, Cellular V2X and VANET(DSRC), to develop a
comprehensive approach that facilitate the exchange of parking information between vehicles/drivers
and infrastructure, thereby enhancing the efficiency of parking space management. The proposal
focuses on the synergistic interoperability of C-V2X and DSRC to optimize parking guidance, a critical
component of smart parking management system.

Guidance in smart parking is a function used to assist drivers in finding vacant parking spaces
efficiently by providing real-time parking occupancy information, optimal route suggestion ( through
mobile apps, or in-vehicle systems, digital signage, etc), contributing thereby in reducing search time
and driver frustration, minimizing traffic congestion , and enhancing the overall parking experience.

We distinguish external guidance which is used to provide instructions to reach the parking
facility, and internal guidance, which is used to assist drivers inside the parking to reach the parking
spot.

The proposed system will facilitate seamless communication between vehicles -equipped with
C-V2X and DSRC technologies modules-, CV2X and DSRC infrastructures, ensuring dynamic sharing
of parking availability information.

4.1. Model Overview

The proposed smart parking guidance system model Figure 1 integrates C-V2X for external
guidance (communication between vehicles, infrastructure, and the cloud) and DSRC for internal
guidance (communication between vehicles and DSRC infrastructure within the parking facility). The

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.0177.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 October 2025

d0i:10.20944/preprints202510.0177.v1

13 of 23

driver is directed to the parking zone by external guidance instructions, while inside the parking
facility, the driver receives instructions to find the free parking spot.

Smart Parking Location Smart Parking Guidance

Management System System Parking
Parking Location Cw2x External guidance

Parking Lookup) GlobalSPrMS T
Spot Location Internail guidance : :
LocalSPMS VANET (DSRC)
Spot
user |

Figure 1. Smart Parking End-to-End Guidance Model.

4.2. End-to-End Guidance System Components

The model is composed of three key components: the user(driver), cellular V2X for external
parking guidance, and a VANET (DSRC) network for internal guidance within the parking facility.
The user component involves smart vehicles (in-vehicle system), which serve as the interface for
drivers to interact with the parking system. These devices can make reservation and receive real-time
information and updates about parking availability and guidance. The cellular V2X (Vehicle-to-
Everything) technology facilitates external parking guidance by enabling communication between
vehicles and the parking infrastructure, providing drivers with directions and availability updates
as they approach the parking facility. A Global Smart Parking Management system ( GSPMS) is
hosted in the V2X network to provide parking services ; parking availability, nearby parking, optimal
route, parking payment. ... Once inside the parking facility, the DSRC system take over. This network
provides precise internal guidance, helping drivers navigate to available parking spots efficiently. The
DSRC system mainly composes of DRSC beacons or RSUs deployed at the parking lot, and calculated
the optimal route to the available spot based on indoor positioning mechanism. The local smart
parking management system (LSPMS) a Local system that processes parking real time data based on
“DRSC indoor positioning technique” and provide real time parking status update to GSPMS.

____________

il
GEEPME ilprsh
e B () [IB P2

Figure 2. E2E guidance smart parking System components.

The smart parking guidance system includes :
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OBU OnBoard Unit, in-vehicle module for V2X communciation Support
RSU Road Side Unit

C-v2X  Cellular V2X

GSPMS  Global Smart Parking Management System

Uu 3GPP Universal interface for Vehicle to Network communication ( V2N)
PC5 3GPP universal interface for direct Vehicle-to-Vehicle communication ( V2V)
Px parking facility

LSPMS  Local Smart Parking Management System

4.3. High Level System Architecture

The End to End guidance system architecture is basically based on cellular V2X system architecture
to provide external guidance and VANET (DSRC) technology to provide internal guidance within the
parking zone.

We describe the proposed smart parking system model based on C-V2X and VANET (DSRC)
using a layered architecture in the compliance with standard communication models, such as the OSI
model and the ITS (Intelligent Transportation Systems) architecture. Here’s how each component
functions operate across different layers. The global layered model of the parking system scheme is
presented in the Figure 3.

Ay A - Smart Parking Application

- Parking Searching App, Smart Parking navigation map
- Trilateration/ fingerprinting

A
- TCP/UDP/SCTP
Network & Transport Layer - WSMP (WAVE Short Message Protocol) - [EEE 1609.3
- IPv4lIPve

A4
- IEEE 802.11p (5.85-5.925 GHz)

LRI TERN N - (TE-V2X (Release 14/15), PC5/Uy
- NR-V2X (3G, Release 16+ - PC5 and Uu)

Application Layer

Messages encryptions,
data integrity, privacy

- AMA( authentification,
autharization, Accounting)
Charing/Billing

Figure 3. Layered Model of End to End Smart Parking Guidance System.

In the Table 1, more detailed descriptions of the functional roles, operations, and responsibilities
of each component within the system architecture,, mapped to their corresponding global OSI model,
are also provided, offering a comprehensive overview of how each element contributes to the overall
operation and communication of the proposed End to End guidance model in smart parking system.
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Table 1. Components Functional roles.
. Network&Transport A Security&Control
Component Physical layer MAC & LLC layer Layer Application layer Layerr
IEEE 802.11p MAC . .
Vehicle Equipped layer Parkmg seirihmg User identity:
with OBU module IEEE 1609.4 , LLC app: seex for Ser 1dentity:
IPv4/IPv6, WSMP, nearest parking lot plate number
to enable V2X Sublayer (IEEE - R ) .
. L TCP/UDP Parking navigation parking credentials
User (In-vehicle system) communication 802.2) K A
map : for guiding to
free parking spot
The GSPMS is an
application server
providing smart
LTE-V2X MAC parking information
&RLC Layers such as nearest .
4GLTE /SGNR 55 \R MAC &RLC IPv4/IPv6, parking, parking Access control:
GSNN for L TCP/UDP/SCTP ilabilit Kin user credentials;
Cellular V2X positioning ayers g b 8 PIN
ees, payment,
access,. ..
Access control: only
authorized users
Payment control
Parking Access
DSRC/802.11p for IEEE 802.11p MAC IPv4/IPv6, WSMP, Interna% gulfiance ( management:
short range layer TCP,/UDP .UDP for positioning Authorization
communica ’gon IEEE 1609.4 , LLC rela—tim/e low technique ) management
DSRC Sublayer (IEEE Parking navigation Plaque Number
RSU, RSU beacons latency messages "
802.2) map recognition

Payment control

4.4. End-to-End Smart Parking Guidance Model

Here’s a model representation of the End to End Smart Parking Guidance System, integrating
User, Cellular V2X, and VANET (DSRC). The End-to-End smart parking guidance system operates in
two main phases:

External Parking Guidance (C-V2X) provides direction to drivers to the nearest parking facility
Internal Parking Navigation (VANET - DSRC) Guides vehicles to available spot inside the parking
facility

The system operation is based on two primary inputs: the location of parking facility and the
position of the parking spot within the parking facility Figure 1. The Smart Parking Guidance Core
functions process data, calculate optimal route,for external guidance purpose, and determinate accurate
indoor positioning for internal guidance. The system generates two key outputs: the optimal route to
the nearest parking area and the precise route to an available parking spot within the parking facility.

4.4.1. External Guidance : C-V2X Mode

In this system, Figure 4, the users searching for nearest parking request information about
available parking (P1, P2, P3,..) from Global Parking Management Server (GSPMS) through a cellular
V2X communication link (Uu interface). Parking information includes distance (d1, d2, ..) from arrival
point (A), trip duration, parking occupancy, parking fee, parking timing, etc. Based on this information,
the users then select the parking space that offer the best convenience.
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Figure 4. External Guidance : C-V2X Mode.

The user selects parking facility based on several criteria (multi-criteria approach) such us distance
from the arrival point, parking fee, parking availability, etc. We suggest a basic smart parking business

model:

1.  Reservation (pre-payment);

2. Without reservation (Payment at exit);

3. Membership;

Table 2 presents the various options along with their respective advantages and disadvantages,
specifically from the perspective of the parking client.

Table 2. Parking reservation options.

Reservation option Description Pros Cons
User cannot cancel reservation
The user makes reservation Avoid frustration, Avoid fuel (loss of money) Parking place
before the arrival consumption, Parking slot reserved is locked during
Reservation (prepayment) selection, Parking place granted reservation timeslot ( other

users cannot make reservation)

Parking full at the arrival,
Frustration, Fuel consumption,
Parking place not granted

The user pays parking fee at the ~ No loss of money, Flexibility in
Without reservation exit parking Change

Parking slot selection, Parking

The user subscribes to a parking place granted, No frustration .
. . No cancellation fees
. plan and avoid fuel consumption,
Membership Low fees

The parking information are hosted by the global smart parking management server (GSPMS).
Example of parking metadata information is shown in Table 3.

Table 3. Smart parking management system metadata.

Parking distance

Parking name Parking Business hours Parking fees( MAD/H) Parking type

(min/meters)
P1 20min 09am-09pm 5MAD/Hour Private
P2 10min 08am-10pm 10MAD/Hour Private
P3 5min 24h/24h 2H free then SMAD/H Public

© 2025 by the ). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202510.0177.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 October 2025 d0i:10.20944/preprints202510.0177.v1

17 of 23

4.4.2. Internal Guidance : VANET Mode

The proposed model leverages DSRC-based smart parking system, where DSRC beacons or
microRSU are involved in the DSRC-based indoor positioning procedure. The DSRC units are placed
in fixed, known locations inside the parking, and operates in 802.11p standard Figure 5. The number of
deployed RSU units depends on the size and layout of the parking facility. These beacons periodically
broadcast messages containing their identity and location, which are received and processed by
in-vehicle DSRC module (OBU). The vehicle then calculates its position based on, Received Signal
Strength Indicator (RSSI) for distance measurement, a technique selected for its low complexity, low
power consumption, and the advantage of not requiring time synchronization which make it ideal for
indoor real-time based indoor positioning. Trilateration and fingerprinting techniques are used for
position estimation. The static structure of the parking environment, makes fingerprinting technique
an ideal choice for indoor positioning. The map installed in-vehicle, helps the driver in real-time
vehicle tracking and guidance to available parking spot.

It’s important to mention here that the parking spot assignment depends on reservation type. In
the proposed model we distinguish three options:

1.  Reservation-based(prepaid) where parking spot is assigned to the vehicle after booking;

2. Without reservation ( postpaid) : where the spot is assigned to the vehicle once is presented at the
parking entrance;

3. Membership-based, where a unique parking slot is assigned to the vehicle during the subscription
period;

microRSU/DSRC beacon
LPMS
émicmRSU DSRC beacon

micreRSU/DSRC beacon é

Figure 5. Parking facility components.

The DSRC Indoor positioning is based on the following:

e RSU or DSRC Beacon;

¢ Technology : 802.11p;

*  Measurement : RSSI ( Low Complexity, No time synch, Low power);
*  Technique : Trilateration

¢ Fingerprint technique (Because parking area is static)

¢  Parking MAP

Since the positioning technique used is trilateration, it’s necessary to have at least 3 RSUs units, but the
number of DSRC beacons or microRsu depends on the parking dimensions.
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4.4.3. End to End Guidance Mode

The proposed End to End smart parking guidance model is the combination of External Guidance
provided by Cellular V2X network and the Internal Guidance enabled by DSRC technology. Thanks to
this approach, the end to end system assist drivers through the entire parking experience by directing
them not only to the nearest parking facility but also navigating directly to the vacant parking spot,
minimizing searching time, and avoiding unnecessary frustration or stress.

Below in Figure 6 we present the flowchart and in Figure 7 the sequence diagram for our End-to-End
Guidance Scheme.

- |
S+ Parking_Search Parking_Lookup — —
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Figure 6. End-to-End Guidance System Flowchart.

End To End Guidance Model WORKFLOW.

1. Thejourney starts at the driver initial Location.

2. The driver searches for parking using in-vehicle navigation system parking_search process.

3. The In-vehicle system communicates with the C-V2X cloud smart parking application server
(GlobalSPMS) to identify nearby parking facilities with available space Parking_Lookup process.

4. The GlobalSPMS send the list of nearby parking with available parking slots Send_Avai_Prk_list
process.

5. The driver selects Park_Selection process a parking facility. If Choose reservation Park_Reservation
process, and receives navigation instructions (GPS route) on the in-vehicle system Park_Gen_Route
process.

6.  The driver follows the route to the selected parking location Drive_To_Park_Loc process.

7. The driver reaches the selected parking location; the vehicle is at the parking entrance Ar-
rival_Parking_Entry process.
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8. Once the vehicle is detected by VANET-RSU system at the entrance, The End of External Guidance
and Start of Internal Guidance Switch from External-G to Internal-G process.

9. At the selected parking facility entry, the Vehicle-to-Infrastructure communication begins; the
vehicle’s OBU communicates with the RSU for authentcation, authorization V2I_Comm process
and confirm the reservation (if applicable) reserv_Confirm process.

10. if no reservation and no available parking slot the system displays Full Display_Full process.

11.  The system assigns a specific parking spot and sends the coordinates to the vehicle via DSRC(V2I
communication) Gen_Park_SlotPos process. In case of reservation, the spot is already designed.

12.  The driver follows guidance instructions displayed on the parking MAP ( on the OBU screen)
Drive_To_SlotPos process.

13.  The driver park the vehcile Park_Vehicle process, the parking managment systems ( Local SPMS
and Global SPMS) are updated PMS_Status_Update process; Slot status from Available to Busy.

14.  When the driver quit the parking Exit_Park process, the parking managment systems ( Local
SPMS and Global SPMS) are updated PMS_Status_Update process; slot status changed from busy
to free.

Sequence Diagram for End to End Guidance System.

~ (®)
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User 0BU CV2X-GW GSPMS
----- - - ————— - -—
Find by parking Rep Find by parking Rep Find by parking Rep
- F----- - - - - TF----- R L
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Figure 7. Sequence Diagram for End-to-End Guidance System.

1. Find_Nearby_parking_Req: A request sent from The user(driver) to Global Smart Parking Management System
GSPMS to pull nearby parking list with available spaces.
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2. Find_Nearby_parking_Rep: The GSPMS replies to the user request with list of available parking , the reply
includes also parking metadata information: occupancy, fees, busniess hours,...

Parking_Selection_Req: The user selects the parking based on the reservation options.

Parking_Selection_Confirm: The GSPMS confirm the parking selection option.

Send_Parking_GPS_Position: The GSPMS send the parking location (GPS position).

Optimal_route_selection: The user selects the optimal route to reach the parking.

Drive: The user drives to the parking location.

® NSO W»

Parking_Access_Auth_Req: At the parking entrance, the communication is initiated by vehcile OBU. Requesting

access authorization.

9. Parking_Access_Auth_Rep: The Local SPMS confirms access to parking if the vehicle is authorized.

10.  Parking_Assign_Spot_Req:The vehicle requests spot location.

11.  Parking_Assign_Spot_Rep: The Local SPMS assigns a free spot to the vehicle and send spot location.

12.  Drive_Toward_Spot: The parking spot location is displayed on the OBU screen, the drivers follow the route to
spot ( follwoing instruction in the parking MAP).

13.  Update_Local_PMS_Req: Once the vehicle is parked in the spot, the Local SPMS is updated.

14.  Update_Local_PMS_Rep: The Local SPMS confirm update.

15.  Update_Global_PMSReq: The Local SPMS send update to Global SPMS via Gateway RSU.

16.  Update_Global_PMS_Rep: The Global SPMS confirm The Update.

17.  Exit_Parking_Req: Once the driver exit the parking, a request is sent to the Local SPMS.

18.  Exit_Parking_Confirm: The Local SPMS akcnowledges parking Exit.

19.  Update_Global_PMS_Req: The Gobal SPMS is updated.

20.  Update_Global_PMS_Rep: The Global SPMS confirms update.

5. Conclusion Future Work

In this research, we started with a general overview about the evolution of cellular V2X and
VANET DSRC technologies in terms of V2X applications support. We also highlighted that the in-
terworking between both technologies is a hot topic widely addressed by the body of research. The
findings demonstrate that combining the advantages of these two technologies improve V2X commu-
nication. We also addressed the smart parking system as a key component in urban transportation,
especially emphasizing the role that guidance plays in directing drivers to parking facility, minimizing
time search, and reducing congestion. We have explored, in related work section, the state of the art
concerning the interoperability of CV2X and DSRC,through an extensive review of related works.
Furthermore, to identify strengths and limitations of these works, we classified them according to two
factors; performance metrics and application domains. Based on this analyzis, we presented a critical
evaluation.

Subsequently, we dived deeply into the specifications of our proposed model for the interoperabil-
ity of C-V2X and DSRC VANET in optimizing parking guidance. We encompassed a comprehensive
exposition of the model’s architecture, detailing and describing its core components and their functions.
We also described the workflow process of the end to end guidance system and the sequence diagram
in order to demonstrate the interactions among various system elements.

At the next stage of this research, and in order to validate the performance and evaluate the
effectiveness of our proposed guidance scheme, we will employ simulation techniques, including a
traffic simulator for traffic flow generator purpose-vehicles, roads, intersections, etc-, and a network
simulator for communication network simulation purpose —packet transmission, protocols, network
performance such as latency, throughput, etc-. These simulation tools will help us to evaluate the
capabilities of our model under various conditions and scenarios. Through this validation step ,
our objective is to demonstrate the model’s advantages and its potential for scalability in real-world
applications.
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