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Abstract

With the increasing demand for vehicular data transmission, limited dedicated cellular spectrum becomes a bottleneck to

l. Introduction

Intelligent transport systems (ITS) have been developed
for decades to support a wide variety of safety critical and
traffic-efficient applications. Recently, the solution concept of
vehicle-to-everything (V2X) communication has drawn great
attention in both industrial and academic fields, including
vehicle-to-vehicle  (V2V)
infrastructure (V2l) communication, and so on [1]. The

communication, vehicle-to-
cellular V2X communication supports massive data
transmission in large coverage with controllable latency [1].
However, due to the high user density of the vehicular
network, C-V2X communication may not fully satisfy the

demands of massive data transmission.

Therefore, we aim to support more C-V2X users by
leveraging the unlicensed spectrum. Over the unlicensed
spectrum, direct and distributed data transmission between
nearby vehicles can be supported, forming the vehicular ad-
hoc network (VANET).

Il. Coexistance Problem

The differences between cellular V2V users and VANET
users over the unlicensed spectrum are the modes of
resource allocation and data structure. The resources
utilized by cellular V2V users are allocated by the BS in a
centralized way [2], while VANET users access the channel
in a distributed way over the unlicensed spectrum using the

energy detection, i.e., each vehicle detects the power level

*Address correspondence to Prof. KyungHi Chang.

satisfying the requirements of all cellular vehicle-to-everything (V2X) users. To address this issue, unlicensed spectrum is
considered to serve as the complement to support cellular V2X users. In this paper, we study the coexistence problem of cellular
V2X users and vehicular ad hoc network (VANET) users over the unlicensed spectrum. To facilitate the coexistence, we study
the energy sensing-based spectrum sharing scheme, where cellular V2X users are able to access the unlicensed channels fairly
while reducing the data transmission collisions between cellular V2X and VANET users. Hence, the main objective is to maximize
the number of active C-V2X users while formulating the scheduling and resource allocation problem as a two-sided many-to-many
matching with peer effects to perform dynamic vehicle-resource matching algorithm.

A VANET user Uplink
e V21 use Sidelin
- V2V use == Interforence

_______________________________________________________

Fig. 1. System model of the coexistence system of
cellular V2X and VANET.

of the channel and waits to access the channel until the
detected power is lower than a threshold. The data
transmission of cellular V2V users follows the LTE standards,
where the length of each data frame is constant and the
transmission is terminated with the end of the frame.
However, the data transmission of VANET users follows the
802.11 standards, i.e., the package size of each VANET
user varies with the transmission demand of the VANET
user. Moreover, the VANET user does not release the
channel until the package has been transmitted completely,
and thus, the transmission time of the package is uncertain.
Hence, when the C-V2X communication expands to
unlicensed spectrum, it is necessary to consider the
coexistence of cellular V2X users and VANET users in order

to increase the number of active C-V2X users.

However, the large amount of data transmitted by
numerous vehicles, dynamic resource scheduling in each
time slot results in inevitable control overhead. The mobility
of vehicles brings about the frequent change of the



topological structure of vehicles, which further influences the
channel conditions between vehicles. The change of
channel conditions and the interference to VANET users by
the C-V2X users cause the failure of data transmission as

shown in Fig.1.

lll. Energy Sensing Based Spectrum Sharing Scheme

In [3], the authors proposed an energy sensing based
coexistence scheme over the unlicensed spectrum for both
cellular V2X users and VANET users, in which cellular V2X
users can share the open spectrum fairly with VANET users
according to the sensed channel conditions. To decrease
the overhead, the semi-persistent scheduling (SPS) method
is considered for the resource allocation. Furthermore, the
time-frequency resource allocation problem is formulated,
and schedule the time slots during the scheduling cycle,
aiming to maximize the number of active cellular V2X users
as well as reducing the interference to VANET users. Since
the allocation of subchannels to cellular V2X users in
different time slots can be considered as a matching
between vehicles and time-frequency resources, the author
reformulate the problem as a two-sided many-to-many
matching problem with peer effects [4] which can be
addressed by the proposed DV-RMA.

IV. Dynamic Vehicle-Resource Matching Algorithm

In[3], the authors proposed DV-RMA algorithm consists
of the initialization phase and matching phase. In the
initialization phase, a random matching between vehicle
users and time-frequency resources occur. In matching
phase, the process of each matching round is consist of
updating the reference list and looking for stable matching
based on current preference list. The preference lists of

vehicles are updated according to the matching structure.

V. Conclusions

In this paper, we studied the spectrum sharing problem
where cellular V2X users coexist with VANET users in the
unlicensed spectrum. An energy sensing based spectrum
sharing scheme for C-V2X users to share the unlicensed
spectrum fairly with VANET users. Moreover, the allocation
problem of time-frequency resources to C-V2X users in the
semi-persistent scheduling cycle was formulated as a two-
sided many-to-many matching problem with peer effects and
dynamic vehicle-resource matching algorithm (DV-RMA) are
breifly discussed in this paper.
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