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ABSTRACT Network communication is crucial for Infrastructure-Vehicle Cooperative Autonomous Driving
(IVCAD), which can help to improve both driving safety and efficiency. Existing IVCAD systems either
use RoadSide Units (RSUs) deployed sparsely in critical locations to extend the on-board sensing, or use
RSUs deployed densely in a limited area to provide both sensing and decision-making for vehicles. For
both scenarios, the numbers of RSUs and vehicles are small, and the network communication solutions are
based on the existing wireline and cellular network infrastructures and their extensions. However, it remains
unknown whether these existing network communication solutions are scalable when the IVCAD system is
deployed city-widely with hundreds of thousands of RSUs and millions of vehicles. In this paper, we analyze
the network communication requirements for different types of IVCAD systems, and show that when the
numbers of RSUs and vehicles in the system are large, using the existing solutions to support IVCAD can
incur very high extra network communication facility cost. We further discuss how to use wireless mesh
networks formed by RSUs themselves to solve the network communication problem without any deployment
of extra network communication facilities. To enable the RSU network, we provide a network communication
framework based on network coding and highlight some research directions.

INDEX TERMS Cooperative autonomous driving, network communication, network coding.

I. INTRODUCTION

Roadside infrastructure can support autonomous driving by
improving the sensing capability and robustness better than
the on-board perception equipment [1], and can coordinate
the driving decision among vehicles to improve the traffic ef-
ficiency [2]. Infrastructure-Vehicle Cooperative Autonomous
Driving (IVCAD) is drawing a lot of research interest re-

cently [3]. Communications and networking technologies are
crucial for achieving the advantages of roadside infrastructure
for autonomous driving [4]. One of the notable feature of
the roadside infrastructure is its large scale in terms of both
the device numbers and the geographical distribution. In this
paper, we share our thoughts on the network communication
solutions for supporting advanced IVCAD systems on a large
scale.
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FIGURE 1. Illustration of an infrastructure-vehicle cooperative
autonomous driving (IVCAD) system, which involves vehicles on the roads,
RSUs on the roadside and the computing/storage devices on the
edge/cloud.

A. RELATED COMMUNICATION AND NETWORK
TECHNOLOGIES
We illustrate in Fig. 1 the major components involved in
an IVCAD system. The roadside infrastructure is formed
by RoadSide Units (RSUs) equipped with sensing, computa-
tion and communication devices. In addition to the vehicles
on the road, an IVCAD system may also include some
extra edge/cloud computing and storage units. The com-
munication between vehicles and RSUs are necessary for
infrastructure-vehicle collaboration, and there may be com-
munication between the edge/cloud servers and RSUs for data
processing and storage. In the following, we review some
existing communication and networking technologies that can
be used in an IVCAD system.

The existing wireline and the cellular network infrastruc-
tures can be extended to support the IVCAD systems. For
example, RSUs can be connected by fibre to the Internet
and then communicate with the edge/cloud servers. Vehicles
can connect to the base stations of a cellular network and
then communicate with the roadside infrastructure. However,
the existing wireline and cellular infrastructures were primar-
ily developed for Internet access, and whether it is feasible
and efficient for new applications like IVCAD is in general
unclear [5]. Existing experiments of infrastructure-vehicle co-
operation based on these existing network communication
infrastructures have reported the communication issues in
terms of both bandwidth and latency [4]. Most of the existing
systems are either the basic sensing extension type of IVCAD
with RSUs deployed sparsely in critical locations, or are of
very small scale formed by several of RSUs and tens of ve-
hicles. More sophisticated IVCAD systems that consists of
hundreds of thousands of densely deployed RSUs and mil-
lions of vehicles face more serious communication issues (see
our analysis in Section II).

Dedicated vehicular communications have been consid-
ered as either an amendment of wireless LAN or a new
feature of 4G/5G. To support direct vehicle-to-vehicle and
vehicle-to-RSU communications, the dedicated short-range
communication (DSRC) technology was developed based on
the IEEE 802.11p amendment to IEEE 802.11 WLAN. The
vehicle-to-vehicle/RSU feature (called C-V2X) was added

TABLE 1 Comparison of Different Types of Infrastructure-Vehicle
Cooperation in Terms of Sensing and Decision Making Types and the RSU
and Communication Requirements

to LTE (in 3GPP Release 14 [6]) and is further improved
in 5G in terms of ultra-reliable low-latency communication
(URLLC) [7], [8] and side link communication [9]. The
original purpose of the DSRC technology is to improve the
driving safety and efficiency (such as car parking, lane chang-
ing and platooning) [10], which is not completely the same as
for supporting autonomous driving. We will analyze further
in this paper the role of these vehicle-to-vehicle/RSU commu-
nication technologies in IVCAD (see Section II). Except for
some basic cases, these direct vehicle-to-vehicle/RSU com-
munication techniques cannot provide a complete network
communication solution for the whole IVCAD system.

B. PAPER CONTRIBUTION AND ORGANIZATION
In this paper, we study network communication solutions
for supporting IVCAD systems. To make the basic network
communication requirement clear, in Section II, we review
how a roadside infrastructure can help autonomous driving in
terms of sensing and decision making. We classify IVCAD
systems in three types according to the role of the roadside in-
frastructure in terms of sensing and decision making, namely,
sensing extension, roadside sensing and roadside control (see
the summary in Table 1).

A network communication solution for IVCAD systems
are discussed in terms of the network framework and the
the network protocol in Sections III and IV, respectively.
The network framework is mainly about the layout of the
physical communication devices and their connectivity, and
the network protocol includes the operational principles and
procedures.

In Section III, we analyze several network frameworks for
the three types of the IVCAD systems. When the RSUs are
deployed sparsely only in crucial locations, as required by the
sensing-extension type of IVCAD, feasible network frame-
works can easily be found. The major issue comes when the
RSUs are densely deployed, as desired by the more advanced
roadside sensing/control types of IVCAD. If the deployment
area is relatively small, the network frameworks based on the
wireline and cellular networks can still be feasible using the
existing network infrastructures. However, when the deploy-
ment area increases to a city level with thousands and even
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millions of RSUs/vehicles, the network frameworks based on
the existing network infrastructures could incur unaffordable
communication network deployment and maintenance costs.

We also discuss in Section III a network framework that
does not depend on the existing wireline and cellular net-
work infrastructures. In this network framework, the RSUs are
densely deployed and nearby RSUs are connected by wireless
communications to form a mesh network, called an RSU net-
work, which provides the roadside infrastructure services to
vehicles. This network framework is deployed together with
the RSU deployment and hence does not incur extra com-
munication network deployment and maintenance costs. We
showed that the RSU network can be used with other network
frameworks to provide a scalable network communication
solution for the IVCAD systems.

To complete the solution, however, we still need a feasi-
ble network protocol for the RSU network, which is mainly
formed by wireless communication links without a wireline
backbone. In Section IV, we first analyze the challenge of
using existing network protocols based on the TCP/IP prin-
ciples. As mainly designed for networks with a wireline
backbone, the basic principles of TCP/IP (like store-and-
forward and end-to-end congestion control) assume that the
network links are mostly of high reliability and fixed latency.
As the existing cellular network (5G) is designed based on IP,
it is not suitable the RSU network.

Network coding can outperform the store-and-forward
mechanism of TCP/IP at the intermediate nodes [11], [12],
[13]. Theoretically, random linear network coding (RLNC)
achieves the capacity of wireless networks with packet loss for
a wide range of scenarios (see e.g., [14], [15], [16], [17], [18]),
and hence is suitable for the RSU network. In Section IV-
IV-B, we discuss a class of efficient network coding schemes
called batched network coding (see [19], [20], [21] and the
reference therein) for the RSU network. Compared with the
baseline RLNC schemes, batched network coding can achieve
close-to-optimal end-to-end reliable communication with a
low computation and coding overhead [19], [21]. Batched
network coding can provide a general approach for designing
network communication protocols [22].

Based on batched network coding we further discuss how
to design a cellular-like network protocol to make the RSU
network feasible for a large scale IVCAD. Roughly speaking,
we need to reconsider the design of 5G using the network
coding approach. Moreover, we should take the properties of
the RSU network into consideration. In Section IV-IV-C, we
discuss how to combine the various parts of 5G with batched
network coding into a feasible network protocol for the RSU
network, and research issues towards improving the overall
system performance.

Last, our concluding remarks are in Section V.

II. AUTONOMOUS DRIVING AND ROADSIDE
INFRASTRUCTURE
For self-driving, we refer to autonomous driving with only on-
board sensing and decision-making [23]. Though self-driving

technologies have made significant progress over the past
decade, self-driving has some intrinsic limitations. In this sec-
tion, we first briefly summarize the limitations of self-driving
vehicles, including sensing and decision making, and then
discuss how a roadside infrastructure can help to resolve these
limitations. The purpose here is to understand the network
communication requirements for infrastructure-vehicle coop-
erative autonomous driving (IVCAD).

A. LIMITATIONS OF SELF-DRIVING TECHNOLOGIES
An existing self-driving vehicle tries to emulate the hu-
man driving capability based on the on-board perception and
decision-making devices [23]. This approach of autonomous
driving, however, faces fundamental limitations in terms of
safety and efficiency.

As all the sensors are equipped on the vehicle, the percep-
tion capability of a self-driving vehicle has a limited range and
can be blocked by other objects such as vehicles, buildings
and trees [1]. Various sensing technologies, such as cam-
era, ultrasonic sensor, Radar and LiDAR, have been used
for self-driving vehicles [24], [25]. Each sensing technology
has its own limitations in terms of range, angle, resolution
etc., so that most self-driving cars are equipped with multiple
types of sensors at different positions to compensate for these
limitations. However, all these sensing technologies are vul-
nerable to weather conditions such as rain, snow and fog [25].
Moreover, these technologies need line-of-sight for accurate
sensing, and hence if blocked by other objects, the sensing
range and angle can be significantly reduced [24]. Due to the
complicated road scenarios, compromised sensing capability
is not avoidable using only sensing devices on a vehicle in
many real-world scenarios.

From the decision-making point of view, a self-driving ve-
hicle tries to control its own driving efficiently, but such a
mechanism does not enable the cooperation among vehicles.
In transportation science, the junction level and network level
transportation managements deal with cooperation among au-
tonomous driving vehicles [26]. The cooperative driving at
the junction layer, i.e., vehicle sequencing at intersections, can
yield better efficiency and environment benefits than vehicles
making their own decisions [27]. As for the network layer,
the coordination between autonomous vehicles can facilitate
a large-scale route planning to improve the city-wide traffic
efficiency [28].

There are many ongoing researches towards overcoming
these limitations of the existing self-driving technologies. A
system-level approach is to use roadside infrastructure to sup-
port autonomous driving.

B. ROADSIDE INFRASTRUCTURE FOR AUTONOMOUS
DRIVING
Roadside infrastructure, such as traffic lights and signs, has
long been used to improve the efficiency and safety of human
driving. To support autonomous driving, however, a new in-
frastructure formed by intelligent devices with proper sensing,
computation and communication capabilities is required [29],
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[30], [31]. Here, an intelligent device located at the roadside
is called a RoadSide Unit (RSU). Equipped with sensing and
computation devices, an RSU can detect and track road ob-
jects. With its communication capability, an RSU can also
exchange information with the road vehicles. A roadside in-
frastructure formed by RSUs can potentially overcome the
limitations of self-driving by the individual vehicles.

Roadside infrastructure can compensate for the weak-
nesses of the on-board sensing capability of self-driving
vehicles [32]. It is not necessary that one RSU covers a big
area. Multiple ones can work together to cover different as-
pects of a scene, and the views of different RSUs can have
overlapping regions to gain sensing reliability. The placement
of RSUs can be carefully planned to provide a robust omni-
directional street view. For example, on a road where a large
number of cars are parked on both sides, pedestrians often
pass through the gap between cars that cannot be seen by
the driving vehicle, which can easily lead to accidents. In this
case, some RSUs can be deployed in a higher position to avoid
the blocking by cars, to provide a bird’s eye view to the road
and to warn the driving vehicles on the road. In particular,
perception fusion between the driving vehicle and the roadside
infrastructure has been studied [33], [34].

Roadside infrastructure can also assist the cooperation of
vehicles for the junction and network level of traffic manage-
ment. Roadside infrastructure can help to create a network of
vehicles around an intersection with a higher stability than the
network formed by only vehicle-to-vehicle communications,
and hence improve the efficiency and safety of autonomous
driving for passing the intersection [35]. Moreover, the road-
side infrastructure can collect the road information and the
vehicle driving information in a large area and facilitate the
network-level cooperation in complex traffic networks [28],
[36]. Furthermore, autonomous vehicles can make ethical
judgments with more information from the roadside infras-
tructure to incorporate morality demands under dilemma
scenarios [37].

The promising application of roadside infrastructure for au-
tonomous driving has attracted many research interest, where
topics like perception [1], edge computing [38], and secu-
rity [39] have been extensively discussed. In this paper, we
study the network communication solutions for IVCAD.

C. RSU DEPLOYMENT AND COMMUNICATION
REQUIREMENT
A real-world IVCAD system could be very complicated and
has many functions. If we focus on a specific case of IVCAD,
our network communication solution may not be suitable for
many other cases. If we discuss IVCAD in general, the high-
level solution would be of little guidance value. To make a
good balance, we discuss three basic types of IVCAD sys-
tems:
� The first type is called sensing extension. The roadside

infrastructure is mainly used to extend the vision of the
self-driving vehicles in critical locations where the view

of cars can be blocked. Self-driving vehicles can still
drive by themselves without the roadside infrastructure.

� The second type is called roadside sensing. Autonomous
vehicles have a limited sensing capability and depend
on the roadside infrastructure for sensing the road scene.
However, the driving decision-making is mainly done on
the vehicles.

� The third type is called roadside control. Autonomous
vehicles have a limited sensing and computing capabil-
ity, and depend on the roadside infrastructure for both
sensing and decision-making. Vehicles only execute the
driving instructions from the roadside infrastructure.

A real-world IVCAD system may combine the functions of
the all these types. These three types of IVCAD systems have
different requirements to the roadside infrastructure. To illus-
trate the RSU deployment requirement, we use as example a
city consisting of 10,000 kilometers of road and 5,000 traffic
intersections.

The sensing-extension IVCAD system can be adopted by
the existing self-driving vehicles, and it does not depend on a
heavy deployment of RSUs. RSUs are only needed at the crit-
ical locations such as intersections [40], which is also called
the sparse deployment of RSUs. Suppose 4 RSUs are required
at each intersection. The city needs 20,000 RSUs. To assist
autonomous driving, an RSU collects the road information
in real-time and shares this information to the self-driving
vehicles nearby to extend their vision. The RSU can also
transmit this information collected to an edge/cloud server for
processing before transmitting to vehicles. The information
from the RSUs are complementary, the vehicles can drive by
themselves without the roadside information.

The roadside sensing/control types of IVCAD systems
mainly depend on the sensing capability of the roadside in-
frastructure. Therefore, the deployment of the RSUs should
be dense enough to cover all the road scene. For example, we
may need an RSU every 20 meters in an area with complicated
road scenario, i.e., about 100 RSUs per kilometer, considering
both sides of the road. Such roadside sensing/control IVCAD
systems heavily depend on the deployment of RSUs, and have
been used in special areas with the roadside infrastructure
properly deployed, such as industrial parts and harbors. To
cover all the 10,000 kilometers of road in the city we consider,
one million RSUs are required, which is 50 times the number
of RSUs deployed for sensing extension.

To reduce the communication cost, the sensing-extension
and roadside sensing types of IVCAD may also require the
sensing data to be processed at edge/cloud servers before
transmitting them to the vehicles [41]. The sensing data of
a road segment is common for all vehicles on the road, and
hence it is not necessary to customize the data for each ve-
hicle. For the roadside control IVCAD, the sensing data can
be used to plan the driving of the vehicles collaboratively.
Roadside control IVCAD can improve the traffic efficiency
more than self-driving, where the autonomous vehicles decide
their driving individually. However, the driving instructions
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FIGURE 2. Illustration of Framework 1. This network framework needs the
support of the existing wireline and wireless network infrastructures. It can
only be used in locations with cellular network coverage. Otherwise, new
cellular network deployment is necessary. Wireline network deployment is
required for each RSU to connect to the existing network infrastructure.

are generated for each individual vehicles and should be trans-
mitted to the particular vehicles on time.

All these three types of IVCAD systems require the trans-
mission of the sensing data from RSUs to the vehicles. The
roadside sensing/control IVCAD systems also have higher
communication requirement due to the higher RSU density.
The roadside-control-type of IVCAD further requires the
communication of the control signals between vehicles and
the roadside infrastructure. In Table 1, we summarize the
comparison of the different types of infrastructure-vehicle
collaboration with self-driving.

III. ANALYSIS OF BASIC NETWORK FRAMEWORKS
A network communication solution for IVCAD systems are
discussed in this section and Section IV. This section focuses
on the network framework that includes the layout of the phys-
ical communication devices and their connectivity. In addition
to the communication feasibility, the network framework de-
sign should take the deployment and maintenance feasibility
into consideration [42]. The network protocol includes the
operational principles and procedures, and will be discussed
in Section IV.

We discuss four basic network frameworks with respect to
their feasibility for various IVCAD applications.

A. WIRELINE-CONNECTED RSUS
We first consider a network framework that uses wireline
network to connect the RSUs, which is illustrated in Fig. 2.

Framework 1: RSUs are connected by wireline cables to
the Internet, and hence to the edge/cloud severs. Vehicles are
connected wirelessly to the base stations of a cellular network.
The information collected at an RSU is first processed by the
edge/cloud server and then transmitted to the vehicles nearby
by a base station.

This network framework depends on both the wireline
broadband network infrastructure and the cellular network
infrastructure. Wireline network deployment must come with
almost every new RSU, which incurs an extra deployment and

maintenance cost of the roadside infrastructure in addition to
the RSU cost. The extra cost of deploying a wireline network
to support RSUs may not be significant when building new
roads, but the extra cost and time for deploying a wireline
network for renovating an existing road to install RSUs could
be a major concern. Moreover, for locations where wireline
deployment is not feasible, this network framework is not
valid. Once properly deployed, due to the dedicated wire-
line network connection, the communication bandwidth of the
RSUs to the edge/cloud servers can be guaranteed.

The coverage of the cellular network is necessary so that the
information collected by the RSUs can be transmitted to the
vehicles. The cellular network communication load depends
on the type of the IVCAD system:
� For the sensing extension and the roadside sensing types

of IVCAD, as all the vehicles near an RSU require the
same information, the broadcast nature of wireless com-
munication can be applied to improve the efficiency: It
is not necessary that the base station transmits the same
information to each vehicle one by one. The communica-
tion load of a cellular base station depends on how many
RSUs it serves, but not on the number of vehicles.

� For the roadside control IVCAD, the roadside infras-
tructure generates dedicated driving instructions for each
vehicle jointly. Therefore, the communication load of a
cellular base station depends on how many vehicles it
serves, but not on the number of RSUs.

The existing cellular network is not dedicated for vehicu-
lar applications. The network communication resources of a
cellular network must be shared between the IVCAD systems
and the other users. Though it may be possible to guarantee
a certain communication latency and bandwidth using the
network slicing technique for the IVCAD systems, the scale
of the IVCAD systems is still limited by the capacity and the
coverage of the cellular network.

Framework 1 is suitable for the sensing extension IV-
CAD where RSUs are only sparsely deployed at the critical
locations such as intersections [40]. For the early stage de-
ployment of the roadside infrastructure, maybe at most one
or two RSUs are covered by one base station. Note that even
for this case, whether the end-to-end communication latency
and bandwidth from the RSUs to the vehicles can satisfy
the requirement or not depends on many other factors of the
network framework, such as the location of the edge/cloud
servers and their data processing capability, which are beyond
the scope of this paper.

In contrast, for the roadside sensing/control IVCAD, more
RSUs must be deployed in one area in order to provide full
perception information, including not only the objects on the
road but also the pedestrians in the blind corners. Therefore,
considering the wireline network deployment cost and the
cellular network resource, this network framework is suitable
for roadside sensing/control in a relatively small dedicated
area with a relatively small number of RSUs and vehicles.

With the development of IVCAD, more RSUs can be de-
ployed and more vehicles are needed to be served. In addition
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FIGURE 3. Illustration of Framework 2. This network framework mainly
depends on the wireless network infrastructure, and can only be used in
the locations with cellular network coverage. Otherwise, new cellular
network deployment is necessary.

to the wireline network deployment, this network framework
require more communication resource of the cellular network.
One possible solution to increase the capacity of a base station
is to use millimeter wave, which incurs further deployment
cost of cellular networks (to be elaborated in the next sub-
section). Therefore, this network framework has a high cost
for the deployment of both the wireline network and wireless
network when the IVCAD systems become large.

B. CELLULAR-CONNECTED RSUS
One of the major hurdles of Framework 1 is the wireline
network connecting to each RSUs. The second framework re-
duces the requirement of wireline network by allowing RSUs
to connect to the base stations of cellular networks, illustrated
in Fig. 3.

Framework 2: Both RSUs and vehicles are connected to
the base stations of a cellular network. The information col-
lected at an RSU is first transmitted via the base station to a
edge/cloud server for processing, and then transmitted to the
vehicles nearby.

In Framework 2, the RSUs first connect to the base station
of a cellular network and then communicate to the edge/cloud
servers through wired links. How the information is trans-
mitted from the servers to the vehicles is the same as in
Framework 1. Framework 2 does not need to deploy new
wireline network if the existing cellular network can cover
the locations of RSUs. For areas without the coverage of the
cellular network, deploying new wireless networks is neces-
sary. As it is not required to deploy wireline to each RSUs,
the deployment cost can be lower than the wireline solution in
Framework 1.

Although long-range, low-bit rate communication tech-
nologies such as LoRa and ZigBee are common in sensing
and actuation applications, the bandwidth required in IVCAD
suggested in [4] is already way beyond the capability of these
technologies. Therefore, we focus on the cellular network in
the following discussion.

Compared with Framework 1, Framework 2 increases the
cellular communication cost for uploading the information

FIGURE 4. Illustration of Framework 3. This network framework does not
need the support of any network infrastructure. It only uses the native
wireless communication capability, such as C-V2X or DSRC, of an RSU.

collected by RSUs. As each RSU has their own information
to upload and different RSUs do not have collaboration before
connecting to the base stations, the uploading bandwidth re-
quirement increases linearly with the number of RSUs served
by one base station. For example, in the experiment in [4],
each RSU has the uploading bandwidth of about 12 Mbps.
The sub-6 GHz 5G can deliver 1,000 Mbps, i.e., one base
station can support at most 80 RSUs in one cell. However,
the bandwidth of 5G needs to be shared by other applications,
and hence the practical number of RSUs can be supported in
one cell is much smaller.

By using millimeter wave (mmWave) bands, 5G can deliver
up to 4 Gbps. However, the mmWave bands are limited to
short distance and line-of-sight communications. The existing
coverage of mmWave 5G is still limited. To benefit from the
high bandwidth of mmWave, an extensively new wireless net-
work infrastructure must be built, which may further require
new wireline network deployment.

Framework 2 is suitable for the sensing extension IVCAD
where each base station covers only a small number of RSUs.
It can also be used for roadside sensing/control in a relatively
small area with tens of RSUs in one cellular network cell. To
support a high density deployment of RSUs in a large area, it
is necessary to deploy new wireless network infrastructure,
which incurs a significant deployment cost for the IVCAD
system.

C. INDEPENDENT RSUS
Framework 2 reduced the wireline deployment cost of Frame-
work 1, but incurs a higher deployment cost of wireless
network infrastructure to support a large scale IVCAD system
with the roadside sensing and control capability. Now we
consider a network framework without new network infras-
tructure deployment, illustrated in Fig. 4.

Framework 3: An RSU and a vehicle can communicated
directly using communication techniques such as C-V2X or
DSRC. The information collected at an RSU is first processed
by the RSU itself and then transmitted to the vehicles nearby.

The major advantage of Framework 3 is that it does not
depend on the existing network communication infrastruc-
ture, nor deploy new networking devices in addition to the
RSUs. It uses the communication capability of an RSU to
directly transmit the information to nearby vehicles. As the
bandwidth of V2X communications (like DSRC and C-V2X)
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FIGURE 5. Illustration of Framework 4. This solution does not need the
support of any network infrastructure. Instead, the RSUs form a network
by themselves and jointly provide the services to vehicles.

are dedicated, the communication bandwidth and latency can
be guaranteed. Using Framework 3, an RSU must employ
a sufficient information processing capability, as it cannot
benefit from the edge/cloud servers.

Framework 3 provides a scalable solution for the sensing
extension IVCAD. In each location that sensing is required
for self-driving vehicles, an RSU can be installed. Compared
with Framework 1 and 2, Framework 3 is the most efficient
in deploying RSUs on a large scale for sensing extension.
However, as the effective communication range of an RSU is
limited by both the media and the environment, one drawback
of this framework is that the location of an RSU may not be
jointly optimized for both sensing and communication: a good
location for monitoring the road scene may be blocked for
transmitting the monitoring data to some vehicles.

Framework 3, however, cannot provide a good solution for
roadside sensing and control IVCAD systems, which require
the sensing data from multiple RSUs to be jointly processed.
In Framework 1 and 2, the data from multiple RSUs can be
joint process at the edge/cloud server before transmitting to
the vehicles, which may help reduce the data for communica-
tion and the computation cost at the vehicles. In Framework 3,
however, as there is no communication between RSUs, the
joint processing of data is not possible. Using Framework 3
for roadside control, each RSU has to make decision by itself
and hence cannot resolve the issues of self-driving vehicles.

Using Framework 3 for roadside sensing, a vehicle must
receive the data from all the nearby RSUs and processes all
the data it received efficiently for making the driving decision.
As RSUs cannot jointly process the data to reduce the commu-
nication cost, Framework 3 imposes a critical communication
and computation requirement for the vehicles. However, due
to the mobility of the vehicles, this communication require-
ment is difficult to be fulfilled.

D. SELF-CONNECTED RSUS
To compensate for the issues of using independent RSUs, we
provide an enhancement of Framework 3 by allowing com-
munications between RSUs, illustrated in Fig. 5.

Framework 4: Direct wireless communication exists be-
tween nearby RSUs, and all the RSUs form a communication
network (called an RSU network) to provide roadside infras-
tructure services to vehicles. The information collected at the

RSUs can be processed by themselves, and then transmitted
to the vehicles.

This network framework inherits the same advantage of
Framework 3 that it does not depend on the existing network
communication infrastructures. Instead of serving the vehicles
individually as Framework 3, all the RSUs form a network
using their wireless communication capability. In other words,
the RSUs form a network infrastructure by themselves to
serve the IVCAD system, where the computation resources of
the RSUs can form a distributed computing platform for sens-
ing data processing and decision making. It is not necessary to
deploy any extra wireline and wireless network infrastructures
to support the IVCAD system using Framework 4. Therefore
this network framework is scalable for a large scale IVCAD
system.

The major challenge of Framework 4 is how to form a
robust multihop wireless network by RSUs that can support
the IVCAD systems. We will discuss the communication and
networking techniques to support this RSU network in Sec-
tion IV. Here, we suppose that the communication between
the vehicles and the RSU network is similar to the wireless
access of cellular network, where the RSUs play a similar role
as the base stations.

We discuss how to use the RSU network to support the
IVCAD systems. When the RSUs are deployed far away from
each other so that direct communication between RSUs is not
possible, Framework 4 degrades to Framework 3, and hence
can support the sensing extension of IVCAD as the latter.
However, Framework 4 can have extra benefits when some
of the RSUs are close enough to communicate with each
other. The sensing information of an RSU now can also be
transmitted to vehicles covered by other RSUs via the RSU
network. Roughly, more widely the information is broadcast,
the safer the driving can be.

The RSU network can make use of the distributed comput-
ing capabilities of the RSUs to process the sensing data from
the nearby RSUs. Compared with processing the data at the
edge/cloud servers, processing the data at local RSUs signif-
icantly reduces the data communication latency. For roadside
sensing, the processed road scene data will be broadcast to
nearby vehicles for making the driving decisions. For roadside
control, the processed road scene data will be used to further
plan the driving of the vehicles collaboratively, and the driving
control messages will be transmitted by the RSU network to
the vehicles.

In Table 2, we summarize the general properties of the
network frameworks we have discussed. These basic network
frameworks can be used together to support the IVCAD sys-
tems, as illustrated in Fig. 6. In an RSU network, most RSUs
are self-connected, and a small number of RSUs are con-
nected to the base stations or by wireline cables. Moreover,
a small number of RSUs in the RSU network may be con-
nected by wireline or cellular to some edge/cloud servers for
better planning of the traffic in a large area. No matter how
we combine these network frameworks, the self-connected
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TABLE 2 Comparison of the Basic Network Frameworks

FIGURE 6. Combination of all the basic network frameworks.

RSU network is the crucial component to make the system
scalable.

IV. NETWORK PROTOCOL FOR RSU NETWORKS
The first two frameworks in the last section are extensions
of the wireline network and cellular network, and hence can
be supported by the TCP/IP protocol stack together with 5G.
The framework of independent RSUs can be supported by
point-to-point communications like DSRC and C-V2X. In this
section, we focus on the network communication solution for
the RSU network discussed in Section III-III-D, which is also
the crucial part to make the network framework scalable.

In the remainder of this section, we first discuss why the
TCP/IP and 5G combination is not suitable for the RSU net-
work. We then show that network coding should be employed
in the network protocol for the RSU network. Last, we present
the research issues towards a network protocol to make the
RSU network similar to a cellular network so that it can serve
the vehicles on the road for IVCAD systems.

A. CHALLENGE AND SOLUTION
As illustrated in Fig. 5, the RSU network includes RSUs and
vehicles as major components. The RSUs form a wireless net-
work that provides the roadside infrastructure services to the
vehicles, and the vehicles access the roadside infrastructure
services wirelessly. The RSU network is a multihop wireless
network, in contrast to the traditional cellular network that
is mainly formed by base stations connected by a dedicated

wireline backbone. Multihop wireless network is generally
considered a challenging problem due to the unreliable wire-
less links [43]. It is expected that the communication rate
decreases and the communication latency accumulates hop
by hop. Due to the dense deployment, however, the RSUs
network we consider may have tens or even more than a hun-
dred hops. Therefore, to enable the RSU network, a network
communication protocol that can support efficient multihop
wireless communication is essential.

The design of the Internet assumes that the network links
are of high reliability and fixed latency. The wireline commu-
nication media such as twisted-pair cable and optical fiber can
satisfy these requirements. The routing and congestion control
mechanisms of the Internet, as defined in the TCP/IP protocol
stack, are designed based on these assumptions. Both WiFi
and 5G are designed as a wireless access network for the In-
ternet, and hence are required to satisfy the high reliability and
fixed latency requirements. Under the Internet, these wireless
links are assumed to be reliable communication links similar
as wirelines.

Though WiFi and 5G have adopted multihop wireless com-
munications for extending the coverage of wireless access,
the wireless access role of wireless networks is not changed
in the Internet. In the existing design of WiFi mesh and
5G integrated access and backhaul (IAB) (defined in 3GPP
Release 16 [44] and enhanced in Release 17 [45]), multiple
concatenated wireless links are encapsulated as a single reli-
able link to be compatible with the existing network protocol.
However, both the 802.11 physical layer and 5G NR are
designed for reliable wireless access, i.e., one-hop communi-
cation. Simple concatenation of such wireless communication
techniques cannot achieve a good multihop performance in
terms of either throughput or latency [22]. This issue is not a
concern in most existing adoptions when there are at most a
couple of wireless hops. However, this is not the case in the
aforementioned Framework 4 of RSU networks.

A general solution to multihop wireless networks is net-
work coding, which enables the coding of packets at the
intermediate network nodes [11], [12], [13]. Random linear
network coding (RLNC) [16] achieves the capacity of wireless
networks with packet loss for a wide range of scenarios [14],
[15], [16], [17], [18]. See an illustration of RLNC in Fig. 7.
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FIGURE 7. An illustration of the baseline RLNC scheme. The first two
layers of nodes represent the random linear encoding process at a source
node. Each coded packet in the second layer (represented by a square) is a
random linear combination of the input packets in the first layer
(represented by the circles). The source node transmits the coded packets
to an intermediate node, and the third layer nodes are the coded packets
received at the intermediate node. Packet loss occurs during the
transmission so that the intermediate node may not receive all the packets
transmitted by the source node. The bottom layer nodes are the packets
generated by network coding at the intermediate node using random
linear combinations of the packets it has received. As the network coding
coefficients are random, an coefficient vector is usually attached with each
packet so that the linear network coding transfer matrix can be recovered
for decoding.

FIGURE 8. An example of network coding in a network formed by four
nodes s, a, b and t , which form a line topology. Here the network links are
assumed to be directional as we only consider the communication from
node s to node t . The blank squares are the original packets and the gray
blocks are the coded packets. The source node s generates 2 coded
packets and transmits 10 packets in total. Node a receives 8 packets from
node s and generates two extra coded packets.

Existing works have studied the used of RLNC for vehicle re-
lated communications, such as content distribution [46], data
offloading [47] and platooning [48].

We use the example in Fig. 8 to illustrate the advantage
of network coding for networks with unreliable links. Sup-
pose the source node has 8 input packets for communication.
Assume that each hop loses exactly 2 out of 10 consecu-
tive packets. We can design the following network coding
scheme: the source node generates two coded packets by
taking random linear combinations of the 8 input packets.
All the 10 packets are transmitted by the source node to the
first intermediate node. According to the link assumption, the
first intermediate node receives 8 packets. The intermediate
node does not perform any decoding operations, but instead
generates two coded packets by taking random linear com-
binations of the 8 received packets. The same operation is
performed by the second intermediate node, so on and so
forth. The destination node also receives 8 packets, which are
linear combinations of the original 8 input packets. The linear
transformation of the 8 input packets from the source node
to the destination node can be conveyed by the coefficient
vectors transmitted with each packet. If network coding uses a

FIGURE 9. An illustration of generation-based RLNC. The basic encoding
and network coding are similar to that of the based line RLNC (see Fig. 7).
The input packets are grouped into smaller generations to reduce the
computation cost and the coefficient vector overhead.

large finite field, the linear transformation is of full rank with
a high probability and hence the original 8 input packets can
be decoded.

In the above example, for any number of hops with the same
packet loss model, the destination node can always receive
8 packets. So this network coding scheme achieves the opti-
mal rates for the loss model assumed. However, a practical
network would have a random loss pattern, and in general,
the linear transformation is not always full rank. Moreover,
when the number of input packet is large, the baseline RLNC
also incurs a cost of large coefficient vector overhead and
high computation and storage requirements, which limits its
adoption in a general communication environment. Over the
past twenty years, extensive researches have been done to-
wards solving various implementation issues of RLNC, such
as reducing the delay [49], [50], [51], [52], [53], [54], se-
lecting a suitable packet size [55], [56], [57], [58], [59], and
reducing the coefficient vector overhead [60], [61], [62]. A
general RLNC framework called batched network coding is
gradually formed, which includes the baseline RLNC scheme
as a special case, and can achieve efficient implementation in
terms of achievable rate, coefficient overhead and computa-
tion cost [19], [20], [21], [63], [64], [65], [66], [67], [68].

In the remainder of this section, we introduce batched net-
work coding, and discuss how to achieve efficient multihop
wireless network communication for RSU networks using
batched network coding.

B. BATCHED NETWORK CODING
To reduce the computation cost and the coefficient vector
overhead, generation-based RLNC [63] partitions the packets
to be transmitted into multiple disjoint subsets (also called
generations) and applies RLNC to each generation separately.
See an illustration of generated-based RLNC in Fig. 9. By
using a small generation size, generation-based RLNC signif-
icantly reduces the cost and coefficient vector overhead of the
baseline RLNC. However, as each generation is decoded in-
dividually, using a small generation size incurs the generation
scheduling issues [63], [69].

Besides applying RLNC to each disjoint subsets of the
packets, overlapped subsets of packets were also investi-
gated [20], [64], [65], [66]. More sophisticated approaches
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FIGURE 10. An illustration of batched network coding. The first two layers
illustrate the outer code, where 4 batches are generated using 8 input
packets. Each batch has 3 packets, i.e., the batch size is 3. The bottom two
layers illustrate the end-to-end operation of the inner code, where each
batch is encoded by network coding individually.

apply codes such as LDPC [21], [68] and generalized fountain
code [19] on the packets to generate a sequence of subsets
of coded packets, and apply RLNC to each subset of coded
packets separately. A subset of coded packets is referred
to as a batch and these approaches are collectively called
batched network coding, where the code for generating the
batches is called the outer code and the RLNC applied to
each batch is called the inner code. See Fig. 10 for an illustra-
tion of the outer-code-inner-code structure of batched network
coding. For multihop wireless communications, batched net-
work coding provides a scalable solution with a flexible
tradeoff between achievable rate and computation cost [22],
[70], [71].

Batched sparse (BATS) code is a class of batched network
codes using a generalized fountain code as the outer code, and
achieves the nearly optimal outer code performance [19], [67],
[72]. The outer code of a BATS code preserves the features of
the fountain code, such as low encoding/decoding complexity
and the rateless property, i.e., the number of batches can be
generated is unlimited. To facilitate our further discussion, we
use BATS code as an example to show how to use batched
network coding for network communication. Most of our fol-
lowing discussion applies to other batched network codes as
well except for the outer code part. We introduce the basic
usage of BATS code for communicating from a source node to
a destination node connected by multiple intermediate nodes
forming a line topology. The outer code of a BATS code is
a matrix-generalized fountain code. At the source node, the
message consisting of K input packets is encoded by the outer
code into a sequence of batches, each of which consists of
M packets. The value M is called the batch size. The number
of input packets, K , can be optimized via approaches such
as [73]. Fix a finite field (e.g., GF(256)), called the base field.
Regard a packet as a column vector with symbols from the
base field. A batch is generated using the following procedure:

1) Sample a degree distribution to obtain an integer d .
2) Uniformly at random choose d input packets. Let B

be the d column matrix formed by the d chosen input
packets.

3) Generate M linear combinations of the chosen packets
using coefficients obtained uniformly at random from
the base field. Denote by X the M column matrix formed

by the M packets of a batch generated. Then X = BG,
where G is a d × M matrix with entries uniformly at
random from the base field.

More batches can be generated by repeating the above
procedure. The outer code illustrated in Fig. 10 has K = 8
and M = 3, and the four batches have degrees 4, 3, 5 and
5, respectively. The degree distribution can be obtained via
different models for different objectives [74], [75], [76], [77].
Further, Steps 1 and 2 can be combined and solved via ma-
chine learning [78].

Under certain conditions, it is provable that a constant batch
size is an optimal choice [79]. In any case, for the ease of
implementation and analysis, most works on BATS codes use
a constant batch size. When M = 1, the outer code becomes
a fountain code [80]. The advantage of using a batch size
larger than 1 is to allow the application of network coding
to the packets belonging to the same batch, i.e., enabling the
inner code. In general, a different number of packets can be
generated by the inner code for different batches [81], [82],
[83], [84].

The end-to-end operation on a batch using linear inner code
is a matrix multiplication channel given by

Y = XH (1)

where X is an M-column matrix formed by the M packets of
a batch generated by the source node; H is called the batch
transfer matrix which can have a random number of columns;
and Y is formed by the received packets of the batch at the
destination node. The batch transfer matrix can be obtained
from the coefficient vectors. In the general case, H is not
necessarily of rank M as in the example illustrated in Fig. 8.
When H has a general distribution, the matrix multiplication
channel formulated in (1) has been studied for linear network
coding [85]. When the channel is memoryless, its capacity is
the expected rank of H . From this perspective, the outer code
of a batched network code is a channel code for the matrix
multiplication channel. Multiple batches should be decoded
jointly to achieve the channel capacity. For a BATS code, the
fountain-like outer code has an efficient belief propagation de-
coding algorithm, and achieves rates very close to the capacity
of the matrix multiplication channel.

In practice, the batch size is taken to be a small number such
as 8 or 16 to provide a good balance between the computation
complexity and the achievable rates. When the batch size is 1
and each intermediate node only forwards the packets it has
received, the inner code degenerates to the store-and-forward
strategy. Suppose that each hop has a packet loss rate ε. The
end-to-end achievable rate for L-hop communication using
store-and-forward is (1 − ε)L, i.e., the rate decreases expo-
nentially fast when the number of hops increases. Using a
larger batch size and proper inner coding, a BATS code can
achieve rates very close to the cut-set upper bound of the
network capacity [22], [70], [71].

As a brief summary, BATS code provides an efficient ap-
proach for network communication with unreliable links, and
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achieves end-to-end reliable communication at a nearly op-
timal rate. Therefore, BATS code is very suitable for the
RSU network, which is mainly formed by unreliable wireless
links and has communications through a long concatenation of
wireless links. A practical network has multiple users sharing
the network resources, for which the network utility maxi-
mization [86] and a network coding design [87] have been
studied for multiple BATS code communication flows.

C. RESEARCH TOWARDS COMPLETE NETWORK PROTOCOL
A general approach about using batched network coding to
design a network communication protocol has been discussed
in [22], [88]. However, towards designing a network protocol
for the RSU network, there are still specific research issues
related to the properties of the RSU network that need to be
resolved. At a high level, we hope to design a network proto-
col so that the RSU network behaves like a cellular network,
where the RSUs play two roles:
� The RSUs provide the access services to the vehicles;

and
� The RSUs form the transport network to support the

wireless access services.
We can emulate 5G to design the network protocol for the

RSU networks based on batched network coding. However,
when comparing with the 5G cellular network, the RSU net-
work has some special properties that need to be considered.
As the RSUs are mainly deployed along the roads, the topol-
ogy of the RSU network can be roughly estimated according
to the road map. For example, the RSUs on a long road
should form a line-type topology, while the RSUs around the
intersection of multiple roads should form a grid topology.
More importantly, in addition to communication, an RSU has
the sensing and computation capability. To support IVCAD,
the RSU network must be able to detect and track objects on
the road. These intelligent capabilities are not assumed for the
base stations in a traditional cellular network, but can help the
network communication in the RSU network.

Though the study of specific research issues is beyond the
scope of this paper, we discuss the special properties of some
research topics in the remainder of this section. Note that our
objective is not to give a comprehensive review of the research
topics, but to highlight the ones closely related to batched
network coding and the RSU network.

1) RATIO ACCESS
The lower RLC, MAC and PHY layers defined in 5G NR are
mostly compatible with batched network coding, and hence
can be mostly adopted by the RSU network protocol for both
RSU-to-RSU and vehicle-to-RSU wireless communications.
In particular, the millimeter wave bands are more suitable
for RSU-to-RSU communication due to the larger bandwidth
and directivity. The RSU-to-vehicle communication may need
to be of both directional and omni-directional for different
applications. We discuss some research directions in these

layers towards improving the communication throughput and
latency based on the properties of batched network coding.

First, there is a range of modulation and coding schemes
(MCSs) designed for 5G. Adaptive Modulation and Coding
(AMC) mechanisms are used to track the channel state and
hence decide the MCS to use. Due to the requirements of
TCP/IP, existing AMC algorithms in a cellular network aim
for a low outage probability, e.g., 10%. To achieve low outage
probability, an MCS for a lower rate and a higher signal
transmission power is used. Using batched network coding,
however, a low outage probability is not required, and hence
the AMC can choose an MCS for a higher rate. For example,
suppose that in a scenario the MCS for 100 Mbps has an
outage probability 10% and the MCS for 400 Mbps has an
outage probability of 50%. The existing AMC would choose
100 Mbps, but the MCS for 400 Mbps can achieve a higher
communication throughput. In general, using batched network
coding, more flexible AMC and the signal transmission power
control can be designed towards achieving higher rates and
lower energy consumption.

Second, retransmission is adopted in 5G in multiple layers.
The RLC can optionally retransmit the packets and the MAC
employs a hybrid-ARQ mechanism to improve the reliability.
When the feedback is ideal, using retransmission is optimal
for resolving packet loss. However in 5G, the feedback always
has the delay of several transmission time intervals even for
the MAC layer hybrid-ARQ. With batched network coding,
the retransmission mechanisms can be optimized jointly with
network coding. For example, if a packet loss rate of about
50% is expected, then for each batch with N packets received,
2 N packets generated by RLNC can be transmitted. As net-
work coding does not need to wait for the feedback about the
packet loss, it can achieve a lower latency. It is not necessary
to completely eliminate retransmission, which is still useful
when feedback is available.

In general, these lower-layer functions can be incorporated
in the inner code of batched network coding, and hence the
design of these lower-layer functions is to maximize the ca-
pacity of the end-to-end batch channel formed by the inner
code [22]. It is known that achieving an inner code with
a high hop-by-hop reliability is not optimal for a multihop
network [70], [71].

2) TRANSPORT AND NETWORK LAYERS
Now we discuss the mechanisms that are traditionally in the
transport and network layers of the TCP/IP protocol stack.
We have shown how to use a BATS code on a single path
as in Fig. 8. However, the single path approach is vulnerable
to link failures. If one of the three links fails in the network
in Fig. 8, the communication from node s to node t fails. A
single point of failure is one of the major concern of using
multihop wireless networks.

Actually, a BATS code can readily be used in a more
general topology [72]. For the network example shown in
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FIGURE 11. A network of four nodes denoted as s, a, b and t . All the
network links illustrated by solid lines are bidirectional. There are four
acyclic paths from the source node s to the destination node t : s → a → t ,
s → b → t , s → b → a → t , and s → a → b → t .

FIGURE 12. This network illustrates the case that the RSUs are deployed
on both sides of a road, and form a grid topology to avoid a single point of
failure. Nodes a1 to a6 are on the one side of road and nodes b1 to b6 are
on the other side.

FIGURE 13. This network illustrates the case that the RSUs are deployed
on one side of a road. In this topology, each node connects directly to its
neighbors within a two-hop distance.

Fig. 11, four acyclic paths exist from the source node s to the
destination node t . The traditional routing algorithms usually
choose a single path for the communication from the source
node s to the destination node t subject to a shortest path or
lowest latency criterion. A BATS code can use all the available
links in the network simultaneously: The batches generated at
the source node s can be transmitted on both outgoing links;
Node a can transmit its received batches from node s on both
outgoing links after applying network coding; Node b can
transmit its received batches from both node s and node a after
applying network coding. Node t receives batches from both
of its incoming links; and it only needs to receive a sufficient
total number of batches to decode the message packets.

Benefiting from the capability of a BATS code for commu-
nication beyond a single path, we can design the topology of
an RSU network to avoid a single point of failure. In Figs. 12
and 13, we illustrate two examples. In Fig. 12, the RSUs are
deployed on both sides of a road, and form a grid topology
that can tolerate any single link failure. In Fig. 13, though
the RSUs are only deployed on one side of the road, it also
possible to form a topology more complicated than a line to
avoid a single point of failure.

For communication in the RSU network as structured
above, some resource allocation problems must be considered.

The wireless links in the RSU network need to share some
common frequency and time resources. The cellular network
has a good solution for the RSU-to-vehicle communication
resource management. Using batched network coding, how to
further manage the resource allocation involving the RSU-to-
RSU links is a new research issue. The problem is related to
the IAB network in 5G [89], but has a larger scale and more
complicated network topology.

When there are multiple communication flows in a network,
a flow control mechanism is required to adjust the network
resource allocation. Even for single-path communication, due
to network coding, the end-to-end control mechanism used
in TCP is not valid. In addition to control the end-to-end
information rate, the communication cost on each network
link should also be controlled [86]. To support the more com-
plicated network topology for a BATS code flow, a new flow
control mechanism is required.

3) MOBILITY
We consider the mobility of vehicles for roadside sensing and
roadside control, respectively. Suppose that a road segment
is covered by a number of RSUs, which jointly process the
sensing data. For roadside sensing IVCAD, the sensing data
can be transmitted to the self-driving vehicles moving towards
this road segment by broadcasting the information from all the
nearby RSUs. Using a BATS code, each RSU can generate
batches independently. In other words, multiple RSUs can
simultaneously transmit independent information of the same
data without explicit coordination. A vehicle on the road just
keep receiving the packets from the RSUs when moving along
the road. Benefiting from the rateless property of the BATS
code, a vehicle can decode the sensing data from the packets
received from multiple RSUs. Therefore, for roadside sensing,
the mobility of vehicles has no effect on how the roadside
infrastructure broadcasts the information.

For roadside control IVCAD, the sensing data is not di-
rectly transmitted to the vehicles. Instead, the RSU network
should use its sensing capability to keep track of the vehicles
to be controlled. Using the sensing data on the road, the RSU
network generates the driving instruction for each vehicle, and
then transmits the driving instruction to the specific vehicle.
As the driving path of the vehicle is known by the RSU
network, the RSU network can store the driving instruction
message to be transmitted to the vehicle on specific RSUs.
The rateless property of the BATS code enable a vehicle to
decode the driving instruction from the packets received from
multiple RSUs.

V. CONCLUSION
We provided our thinking about the developments of
wireless communication technologies towards a city-wide
infrastructure-vehicle cooperative autonomous driving sys-
tem, where vehicles rely on the roadside infrastructure for
sensing and/or decision making. We argue that an excessive
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amount of investment is not required for the deployment
and maintenance of new network communication facilities
to support the roadside infrastructure, which has a criti-
cal communication demand in terms of latency, reliability
and throughput. When the roadside units are deployed with
sufficient density, which is necessary for the roadside infras-
tructure to sense the road environment, the neighboring RSUs
can directly communicate with each other to form a wireless
mesh network, called an RSU network.

The RSU network can be a scalable solution for
infrastructure-vehicle cooperative autonomous driving with-
out relying on the existing wireline and cellular network
infrastructures. However, the existing network communica-
tion techniques including TCP/IP and 5G cannot effectively
enable the RSU network. We discussed why network cod-
ing must be applied to support the RSU network on a large
scale, and introduced a network communication approach
based on an efficient network coding scheme called BATS
code. Though various components of 5G can readily be used
with network coding, we discussed possible improvements
of network and communication techniques for better working
with network coding, which may motivate further researches
towards the next generation of wireless network standards,
e.g., 6G.
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