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Abstract: Smart vehicles is one of the innovation that can be used to increase the effectiveness of 

traffic in smart city as urban area and in the highway. In its development, smart vehicles not only 

require mobile communication services to ensure safety but also multimedia services for the 

passengers. These services must be integrated on intelligent transportation system. 5G vehicular 

network technology provides data communication services for intelligent transportation system via 

macrocells and smallcells to support smart vehicles which can drive at a maximum speed of 

500Km/hour with multimedia services for passengers with data rates reaching the Gbps level. This 

paper will review 5G network architecture and emerging technologies that enabling vehicular 

network for smart vehicles in smart city.  

Keywords: smart vehicles, smart city, 5G, microcell, smallcell, network, intelligent transportation 
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1. Introduction  

Smart city is an innovation that developed in the last ten years by utilizing sensors, actuators, 

cloud technology as data and information centers connected to broadband communication networks. 

The concept of smart city will produce a variety of new service scenarios for the community so that 

it can change the style and way of life of people [1] and increase economic growth [10].  

As a smart city enabler technology, 5G networks providing broadband communication services 

are the key technology that must be in place to serve data communication traffic from sensors to the 

cloud. There are three main scenarios in the 5G service: Enhanced Mobile Broadband (eMBB) for 

multimedia and mobile communication, then Ultra Reliable and Low Latency Communications 

(URLLC) can be used for transportation services and Massive Machine Type Communications 

(mMTC) for Internet of Things (IoT) applications that use many devices such as sensors and actuators. 

Development of 5G wireless technology will make cites smarter and more connected with smart 

items, smart vehicles and infrastructure (roads, buildings, etc.).  

According to Colistra [2], in 2050, the global population is approaching 10 billion with a 

percentage of 70% being urban people. The concept of smart city is part of a new mechanism to build 

and organize the city and the environment within it with a variety of integrated internet connectivity 

to prepare for the future and a better quality of life.  

In the 21st century, the concept of smart city can be translated into several main components 

which include smart economy, governance, society, science, technology, community life and the 

environment [4]. Smart cities are urban areas where there are various sectors that work together to 

achieve sustainable results through real-time information analysis by sharing specific information 

and operational technology systems [6]. The goal of the government to implement smart city is to 

improve operational effectiveness in meeting services to the public by utilizing technology and for 

the purpose of making decisions quickly and accurately in real-time [5]. Because of that we need a 
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system that can integrate the main components and their derivatives, namely: smart house, smart 

vehicle, intelligent transportation system and others. Especially for smart vehicles, the development 

of this system leads to intelligent automobile systems or autonomous vehicles that are designed to 

work like the human brain [7]. The core of Smart vehicle is the internet of vehicle, which is an 

application of Internet of Things (IoT) technology in intelligent transportation system (ITS) [15], that 

lead to the development of vehicle to everything (V2X) including vehicle to vehicle (V2V), vehicle to 

infrastructure (V2I), vehicle to pedestrian (V2P), vehicle to road (V2R) and vehicle to network (V2N) 

which require ultra high reliability [16].   

2. Vehicle to Everything Communication  

Vehicle to everything (V2X) communication is a technology and standard that enable a vehicle 

to communicate and interact with the user, road, infrastructure, pedestrian and network is shown in 

Figure 1 [19] [22].   

  

2.1 Vehicle to Vehicle Communication  

V2V communication services is designed for connected and autonomous vehicle need 

continuous access to vehicle’s sensors to support advanced trajectory planning and high speed 

maneuver [20]. There are two trajectory planning schemes in V2V communication, first sort-term 

trajectory planning which is using data from its vehicle’s sensor and long-term trajectory planning 

which is using another vehicles and infrastructure around. Therefor a connected vehicle can take 

dynamic decision safely depend on traffic situation [21].   

2.2 Vehicle to Pedestrian Communication  

V2P communication is aiming to improve the safety of pedestrians using cellular technology on 

smart phone. All of connected vehicles, cyclists and pedestrian will send information including speed, 

location and direction to the cloud server. These data is used to determine safety and hazard situation 

warning messages such as vehicle collision.  

 

Figure 1. Kind of technologies for vehicle to everything communication [19].   
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2.3 Vehicle to Infrasrukture Communication  

The main purpose of V2I is sharing information and data bidirectionally to the side road 

components such as traffic lights, street light, parking area, traffic camera, RFID, etc. the components 

that required by V2I communication are vehicle on-board unit (OBU), roadside unit (RSU) and safe 

communication channel. OBU is a radio transceiver for dedicated short range communication (DSRC) 

system, GPS, and provide communication with RSU. RSU made data transfer and message 

management to the vehicles.  

2.4 Intra Vehicle Communication  

Intra vehicle communication facilitating data transmission between vehicle components and 

vehicle sensors. This communication is important to make sure safety driving such as driver sensor 

which monitor driver condition and another vehicle sensors that monitor tire condition and braking 

system. These communication via wireless interconnection and ethernet.  

  

3. Vehicle Networking Communication Standards  

Development of smart vehicle network is based on all of networking system rather than one 

system including cellular system, short range communication system, WLAN, and satellite 

communication system. From these overall systems we can compose to be three core elements [15]: • 

Node: It is a vehicle network terminal element that used to collect and transmit data on vehicle, road, 

traffic and vehicle owner including GPS, On-board diagnostics (OBD), sensor, RFID, etc.  

• Local Network: The network technology that used in a environment for traffic and roads 

to fulfil the requirements for vehicle communication.  

• Internet of Things: A important component to built intelligent transportation system.   

3.1 Dedicated Short Range Communication.  

Dedicated Short Range Communication (DSRC) or IEEE 802.11p is a ad-hoc network for 

vehicle communication. A wireless access in vehicular environment which have good performance 

on delay while transmitting data in order to avoid vehicles collision [15] [17].   

3.2 Cellular Communication  

 With large scale coverage area of Radio Access Network (RAN), Cellular communication 

technology has important role for machine to machine communication (M2M) as V2V application. 

3GPP had defined standard communication for V2X based cellular network called C-V2X based 4G 

LTE (Figure 2) and future 5G. C-V2X will be good complement with DSRC technology [18].  

 
Figure 2. C-V2X based 4G network [18].  
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3.3 Vehicle Ad-hoc Network  

Vehicle Ad-hoc Network (VANET) is a combination between DSRC and cellular technology or 

IEEE 802.11p within 4G LTE, that called LTE-V2X, support high speed mobility, reliable 

communication and better security level. LTE-V2X will use 802.11p frequency band for direct 

communication and have inertial navigation device that maintain positioning accuracy without GPS.  

4. 5G Vehicullar Network  

There are three main scenarios in the 5G service, one of them is a service scenario used in data 

and multimedia communication applications with the main performance parameters at a data rate 

reaching up to 20Gbps on donwlink and 10Gbps at uplink [8]. The advantage of 5G technology is the 

ability to integrate and interconnect with existing networks using network function virtualization 

(NFV). The vehicullar network architecture in smart city services uses a centralized cloud system, 

distributed cloud and mobile cloud (Figure 3). In this network architecture there is the fog computing 

node that can provide mobile services for smart vehicles and multi-media applications for passenger. 

Part of the core of this architecture is the Visualization Plane Infrastructure which allows the 

formation of network visualization and function visualization [10].   

Distributed clouds witch located at the edge of network infrastructure is called multi access edge 

computing (MEC) technology. The main purpose of MEC is fulfill low latency and high bandwidth 

requirements. As we mentioned above that vehicular communication require high level reliability 

(99.99%) to maintain connection V2X [16].   

Radio Access Network (RAN) technology which used for smart cars can be microcell, smallcell 

or microcell. For the use of microcell, you can use light poles on the side of the road with the 

advantage of being able to save infrastructure. The use of mmWave can significantly increase 

bandwidth and data rates. Smallcells are currently being developed using sensor technology and light 

emitting diodes (LEDs) [11]. Another thing to note is the 5G network can work at 4G network using 

non-stand alon scheme. To provide Gbps bit rate the use of fiber optic cable on the transport network, 

especially on the fronthaul which functions to send signals from the base band processing unit (BBU) 

to the antenna [13] [14]. Direct communication for V2V and V2I is called PC5 interface. PC5 using 

direct channel that not required 5G base station (gNB).  

 

5. Conclusions  

The primary purposes of V2X communication technology is to improve driving safety and 

optimizing traffic in smart city. To achive that purposes required high reliability communication 

which can delivered by orchestration cellular technologi, 802.11p, DSRC, and utilization of MEC on 

5G network technology. For the future research we need performance analysis (including troughput 

and hanover parameter) for each network which used in 5G vehicular network.  

  

  
  

Figure 3. 5G network with MEC [18].   
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