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Abstract: In recent years, traffic safety, travel efficiency, environmental protection and other issues 
caused by the continuous growth of the number of cars have become increasingly prominent, and 
the research and development in related fields of vehicle networking have received extensive 
attention. In addition to the traditional functions of intelligent vehicle information exchange and 
sharing and environmental awareness, vehicle networking also emphasizes the functions of 
“intelligent decision-making” and “cooperative control and execution”. Although 4G has several 
times the speed and low delay of 3G, it has not yet met the requirements of vehicle networking. The 
5G network being developed and becoming the focus of major companies and countries will 
overcome the shortcomings of 4G network. In this regard, the research on 5G network has been 
paid attention to at present, in order to be able to upgrade again on the basis of 4G network and 
meet the construction requirements of vehicle networking. 

1. Introduction 
Vehicle networking technology is an important research direction in the field of intelligent 

transportation. Vehicle networking is a system network that realizes information exchange between 
vehicles and other entities according to agreed communication protocols and data exchange 
standards [1]. Car networking connects people, cars and roads. After analyzing and processing the 
collected data, it will automatically make corresponding feedback and behavior to achieve a high 
degree of travel intelligence. Although the speed of the existing 4G network can reach several times 
that of the traditional 3G network and the network delay is lower, it still cannot meet the demand of 
efficient operation of the vehicle network [2]. People's requirements for automobiles are no longer 
limited to the driving performance of automobiles, but have put forward higher requirements for the 
driving experience, safety and human-vehicle interaction of automobiles. As a result, the 
intelligence of automobiles has developed rapidly. The research and development of vehicle 
networking are getting faster and faster. Mobile communication technology plays an important role 
in people's daily life with its wide coverage, comprehensiveness, safety and reliability. By 
specifying different standards of 5G under the condition of car networking standards, using the 
characteristics of 5G data exchange fast to build a new generation of car networking. 

2. The Concept of Vehicle Networking 
The so-called inter-vehicle network refers to the inter-vehicle network, inter-vehicle network and 

on-vehicle mobile internet as the basis, according to the agreed architecture, communication 
protocol and data interaction standards. The car transmits the relevant information of the specific 
location recorded by the car to the vehicle management system through wireless communication 
equipment. Through information exchange with surrounding vehicles, roads and infrastructure, the 
vehicle network obtains more surrounding information than sensors carried by a single vehicle, 
greatly enhancing the perception of the surrounding environment. Vehicle networking will be the 
main application scenario of 5G network technology, and the technological advantages of 5G 
network will be an important support for realizing large-scale commercial use of intelligent 
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network-connected vehicles [3]. To better meet people's needs, reduce the occurrence of traffic 
accidents, so that unmanned vehicles can really be used and popularized in people's lives. Vehicle 
networking provides vehicle information through various control units, sensors, on-board terminal 
equipment, electronic tags, etc. installed on the vehicle. It uses various communication means to 
realize “vehicle to person”, “vehicle to vehicle”, “vehicle to road” intercommunication, and realizes 
information sharing, remote control and various comprehensive services. So as to improve the 
traffic efficiency, improve the feeling of driving and riding, and provide users with intelligent, 
comfortable, safe, energy-saving and efficient comprehensive services [4]. Network connection, 
automobile intelligence and new service formats are the three cores of automobile networking. 

3. Advantages of 5g Network 
5G network has obvious advantages, mainly reflected in transmission speed, bandwidth capacity, 

network delay, etc. According to relevant tests, the current fastest transmission speed of 5G network 
can reach 7.5-10.0 GB/s. The network delay is less than 1ms, far lower than 50ms in 4G era, 
meeting the strict time delay requirements of vehicle networking. It is a kind of communication 
technology designed for high-speed mobile applications based on cellular network car networking 
technology. It optimizes car applications and includes practical application experience of 802.11p 
and basic progress of wireless communication. Support for multi-system V2X services (e.g. LTE, 
5G) and network environment, including Internet of Things devices and mobile devices such as 
3GPPV2X technology interoperability (e.g. its-g5, DSRC, etc.) can be connected to the network 
quickly whenever and wherever without waiting. Such performance is very beneficial to the 
operation of Internet of Things equipment, so the popularization of 5G communication technology 
and cloud technology will make mobile communication operators, automobile manufacturers and 
service providers become the main force to promote the development of the Internet of Things [5]. 
Compared with 4G network technology, data communication in 5G network has higher reliability, 
security and flexibility, and has stronger spectrum management mechanism, which can improve 
spectrum efficiency and reduce cost. 

4. The Impact of 5g Architecture on the Development of Vehicle Networking 
4.1 The 5g Network Architecture is Oriented to User Needs 

In real life, the safe communication environment of the car network is mainly realized and 
guaranteed by the driver's identity authentication protocol. In the data processing system, the 
legality of the message and the reliability of the message source are verified. The real-time 
entertainment interactive single user of 5G vehicle network requires a rate requirement of M level. 
Currently, the bandwidth of 4G air interface is limited, especially the uplink of edge users is limited. 
5G NR is required to achieve a 100-fold increase in air interface rate. The network layer mainly 
processes the data collected by the perception layer further, then transmits information to the 
application layer, and then establishes data connection among the three layers. The network layer 
mainly includes two parts: the bearer network and the access network. 5G transmission can use 
network coverage enhancement technology to separate indoor and outdoor signals, and indoor can 
use short-distance transmission technology to significantly reduce signal fading and improve 
transmission efficiency [6]. Through car-to-car communication, you can know the road conditions 
ahead in advance, and also provide active safety warning, such as speed warning, distance warning, 
overtaking warning and other safety tips. 5G cloud network structure is the basis for better carrying 
a variety of different services. Through cloud, various resources can be flexibly deployed to realize 
the maximum efficiency and capability of the network, which can better meet the application 
requirements of high capacity and mass connection of the car network. 

4.2 The on-Board System is Richer and More Intelligent 
Vehicle-mounted system is an important node of vehicle networking, and is a way for users to 

obtain information and realize interaction. Sensing technology is mainly used to obtain relevant 
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parameters of vehicles, traffic and roads. At the same time, sensing technology is also very 
important in information acquisition. Information interaction between vehicles and networks is 
completed through sensing technology. Can quickly transmit a large amount of vehicle-mounted 
application data; Communication data has a perfect encryption mechanism, can carry out data 
transmission with high security, and supports bidirectional encryption. The intelligent touch-control 
operating system, voice control system and automatic recognition system matched with the on-
board computer can provide a variety of interaction modes with drivers and passengers and provide 
control of the vehicle driving system. Part of controlling information exchange between vehicles 
and road infrastructure is vehicle-road coordination, which enables drivers to know traffic 
information and dangerous situations in the first place. Notify nearby vehicles in time to avoid 
entering the accident area, and at the same time transmit relevant information to rescue personnel to 
make rescue more accurate and fast and greatly reduce the losses caused by the accident. The car 
network can also be connected with the insurance industry. With the “car network+insurance”, the 
frequency of car owners' accidents can be effectively reduced and the corresponding claim 
settlement cost can be saved [7]. 

4.3 Cooperative Heterogeneous Networks Guarantee High Speed and Connectivity 
If LTE-V2X based on 4G/4.5G is still unable to shoulder the heavy burden, the commercial use 

of 5G provides LTE-V2X with more powerful performance and more possibilities. The existing 4G 
network and the future 5G network, as well as RFID network, WLAN network, etc. Among the 
three levels, the application layer is at the top, which is closer to users. A large number of antennas 
provide simultaneous transmission services for relatively few users, greatly improving system 
capacity and energy efficiency, and reducing uplink and downlink transmission energy. 

According to 5G network characteristics, the vehicle network can be divided into three service 
types: eMBB ultra-large bandwidth class, mMTC ultra-large connection class and uRLLC ultra-
high reliability ultra-low delay class. The car networking service is classified from two dimensions 
of service type and 5G network characteristics (see Table 1). 

Table 1 Type Analysis of 5g Vehicle Networking Service 
5G characteristic Security class Traffic efficiency class Information service class 
Embab (-Gbit/s rate) On-board video monitoring, 

driving real-time monitoring 
Live broadcast, panorama 
synthesis 

Car video, car VR/AR, 
car video call 

MMTC(- million 
connections) 

Vehicle theft prevention Operation monitoring, 
parking space sharing 

Car smart family, car 
time-sharing rental 

Urlc (-ms delay 
+99.999% reliability) 

Automatic driving, collision 
warning 

Fleet driving, cooperative 
navigation 

AR navigation, dynamic 
map 

During the driving process of the vehicle, many data such as the vehicle's position, driving 
direction and the vehicle's own state need to be exchanged with other vehicles, as well as with 
intelligent devices in the road during the driving process. With the help of vehicle networking 
technology, traffic efficiency can be greatly improved and traffic congestion can be alleviated. 
When applied to self-driving cars, it can enhance driving safety and even realize zero casualties and 
zero accidents. Because, according to the relevant data calculation, in the future of unmanned 
vehicles, each car will need to process more than 100GB of data per hour. Through the combination 
of various types of base stations and various wireless access methods, cooperative multi-access 
technologies such as traffic demand and mobility demand of users can better support vehicle 
networking services. 

5. 4G Vehicle Networking Features 
5.1 Low Delay and High Reliability 

5G high/ultra-high density networking, low equipment energy consumption greatly reduces 
signaling overhead, solves the problems related to bandwidth and time delay, and the time delay of 
5G reaches millisecond level, meeting the requirements of low delay and high reliability. When the 
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vehicle enters the coverage boundary position of the two base stations, it can receive the signals of 
the two stations at the same time, realizing the joint transmission between the base stations, 
improving the time delay and improving the reliability at the same time. Downloading and updating 
of high-precision maps means that vehicles access the network through base station equipment to 
realize such services as downloading and real-time updating of high-precision maps. The estimated 
state of 5G is 1 millisecond. This report shows that the signal of 5G network is relatively good, and 
there will be no occasional delay and limited conditions like that. This has played a great auxiliary 
role in the application of mobile devices. Therefore, key technologies such as 5G large bandwidth, 
low delay and slice network can fully meet the needs of future vehicle networking, which will 
undoubtedly accelerate the application process of automatic driving. Given 5G network, vehicles 
can use mobile applications to complete more convenient operations. Users can enjoy various 
applications and services on the bus, thus enriching the fun of the journey [8]. Information such as 
vehicles, road conditions and weather can be collected in real time, information interaction can be 
carried out among vehicles, and the optimal road section can be intelligently selected for driving, so 
that the vehicles can make correct and rapid responses, and the occurrence of traffic congestion can 
be greatly reduced. 

5.2 Efficient Use of Spectrum and Energy 
The delay of 5G handover air interface is millisecond level. If there is interference during hard 

handover, the bit error rate will increase, which will lead to handover failure and decrease network 
reliability. In 3GPP R15, based on the service architecture, 5G protocol modules can be flexibly 
invoked according to service requirements, providing technical standards for the construction of 
edge networks. 5G mobile terminal equipment uses full duplex communication mode, allowing 
different terminals and channels between terminals and 5G base stations in the same frequency band 
to simultaneously send and receive information, doubling the air interface spectrum efficiency, thus 
improving the spectrum utilization efficiency [9]. When a mobile device and an Internet of Things 
device are connected, no waiting time is needed, and the connection can be fast at any time. 
Through RFID technology, the vehicle positioning information and the surrounding conditions are 
quickly sent to the rescue center through 5G cloud terminals to inform nearby vehicles to avoid 
entering the congested area, so that rescue can arrive faster. Through the seamless deployment of 
multi-connection capability under a unified framework, the optimal coverage and network rate are 
provided to the users of the vehicle network, thus ensuring the continuity of the users in the 
movement under various scenes and guaranteeing the requirements of wide coverage distance and 
high mobility of the vehicle network. This is hundreds of times faster than the transmission speed of 
4G networks. Unlike 4G, which focuses mainly on communication between people, in the 5G era, 
people and people, people and things, things and things, including cars and cars, cars and things will 
be connected into a whole, forming a brand-new information infrastructure. 

5.3 Better Communication Quality 
5G network has become a key infrastructure for digital transformation in various industries, 

combining with increasingly mature SDN/NFV, big data, artificial intelligence and other 
technologies. If 4G is the era of communication and entertainment, 5G is the era of Internet of 
Things in internet plus. Scientists from countries and companies around the world are constantly 
breaking through the restrictions on mobile device connectivity. 5G vehicle networking provides 
high-speed downlink and uplink data rates for V2X communication (maximum transmission rate is 
1 Gbit/s). So as to realize high-quality audio and video communication between cars and cars and 
between cars and mobile terminals. Reaction time such as braking in automatic driving is a system 
response time, which includes the time for network cloud computing and workshop negotiation 
processing, as well as the system computing and braking processing time of the vehicle itself. 5G 
network can generate corresponding network topology and network functions through virtualization 
on the basis of unified underlying physical facilities, providing a series of network functions for 
vehicle networking services. At the same time, because 5G transmission network can realize the 
transmission of 3D high-precision map data and vehicle and driving environment data with higher 
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throughput and reliability, the application scenario of C-V2X can be fully perfected, thus promoting 
the development of automatic driving technology. With the characteristics of 5G such as high 
transmission rate, low delay, high stability and flexible network architecture, 5G-based vehicle 
networking has developed more and more rapidly in recent years. 

6. Conclusion 
Although there has been more research and development in the field of automatic driving and 

vehicle networking in the past ten years, the research progress has been relatively small. The 
fundamental reason is that there are still bottlenecks in basic technologies, and the commercial use 
of 5G networks is bound to provide a more suitable opportunity for the integration of automatic 
driving and vehicle networking. 5G has the advantages of low delay, high reliability and large 
capacity. The vehicle networking based on 5G will develop in a more convenient, faster and safer 
direction, and eventually integrate into our life and become an important part of our life. Although 
car networking has various conveniences, it cannot solve problems such as traffic information 
interaction and environmental problems due to the current network technology limitations. It needs 
the cooperation of all parties to achieve faster development. At the same time, it faces many 
challenges such as technology, safety, popularization and so on. Further attention, discussion, 
research and solution are urgently needed in the future. It is believed that the research on 5G vehicle 
networking can promote the great evolution of society and make human society more convenient, 
safe, fast and efficient. 
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