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Abstract: Recently, increasing amount of vehicles have LTE RAT to connect the vehicles to the LTE networks. As a consequence, the way of data usage and data consumption over LTE networks may be altered in the near future. This contribution aims to provide several use cases for Vehicle-to-vehicle (V2V) vehicle-to-infrastructure (V2I), and other use cases that are related to connected vehicle in the LTE network.
1
V2X Communication

V2X communication has several scenarios, where each scenario may have different goals and different requirements. V2X includes the following cases:

V2V – vehicle to vehicle.

V2I – Vehicle to infrastructure.

V2P/V2B/V2M – Vehicle to other road users as Pedestrians, Bikes and Motorcycles.

1.1
Safety - Low Latency V2X Communication 

Safety application for collision avoidance with ultra-low latency/real time communication between vehicles (V2V), infrastructure (V2I), and road users (i.e. V2P/V2B/V2M) over LTE (As a supplement the automotive DSRC communication technology). This use case is fast burst communication with short packets. The communication should have high reliability, and to support direct P2P communication and multicast transmission between users.

In this architecture, each vehicle transmits periodic messages which includes its speed, positions, time, relative positioning etc. For relative position, each vehicle will share its ranging to its nearest vehicles (beyond his GPS location). As results of this periodic transmission of vehicles information, all vehicles in the nearby region get these parameters and may have accurate status/position of all vehicles in the area. In addition, each vehicle may send other urgent messages for collision avoidance or other critical situations.

Recommended Requirements: 

1. Packet size – up to 500 bytes.

2. Latency – guaranteed latency (worst case) should be 200 msec for end-to end latency from vehicle A to vehicle B.    Nominal latency should be 100 msec.

3. Cadence – each vehicle sends its packet every 100 msec. 

4. BLER – block error rate should be less than 10%.
1.2 Infotainment - Sharing Information between Vehicles
Vehicles and users can share files between them based on ad hoc mesh topology. Usually this scenario requires high data rate transmission where constraints on latency is less critical.  

Examples of files for sharing: MP3 files, Video files (MPEG4, MPEG2, AVI etc.), Maps updates and photos (JPG, TIF,BMP, etc.).
1.3 Sensors Sharing between Vehicles 

Vehicles can share among them sensors, i.e., information derived from the vehicle sensors. In this way, vehicles can help each other to increase safety and improve the driving experience. For example, vehicles can share sensors such as Radar, Lidars and Cameras, which may give other vehicles more precise view in close area and more distant area as well. Furthermore, it may enable low cost vehicles which are not equipped with sensors to use other vehicles sensors. 
Recommended Requirements: 

1. Packet size – vary, can be small packets or very long for video streaming. 

2. Latency – depends on the sensor and the relevant application.

1.4
Vehicle as Small Cell Nomadic eNBs - Vehicle as Small Cell 
Parking vehicles can be served as small cells which enhance the LTE deployment. Vehicles are in park mode most of the time, and may be located at “strategic” locations in the network. Equipped LTE network with nomadic small cells in strategic locations may release some bottle neck in the LTE network, such as increasing network capacity and mitigating interferences. Backhaul to parked vehicles can be achieved by different ways such as fiber optic, DSL and power line communication. The deployment of nomadic small cells can be deployed in several cases:
a. Macro cells and Nomadic small cells are in the same frequency band.

b. Macro cells and Nomadic small cells are in different frequency bands.

c. Macro cells in one frequency band while Nomadic cells and Femto cells in different frequency band.

Examples that such solution can be effective to LTE networks:
a. Huge sport activity in stadium - parked vehicles may serve as ad-hoc eNBs to serve the high density users in small geographical area (the stadium). Such events occur occasionally, solution based on nomadic eNBs may not require costly deploying of fixed eNBs which are rarely used. 

b. Urban area – urban areas and city centers have high number of UEs suffer from bad quality received signal due to poor propagation environment. Parked vehicles as eNBs may improve the service of the LTE network.
c. Underground/building parking lots – these areas may suffer from poor propagation with very limited service. 
Using the parked vehicle as small cell eNB, it uses the vehicle battery when it is in ignition off (e.g. electric car in charging mode). This use case requires self-organized network (SON) solution to change the serving vehicles frequently. 
1.5
Vehicle as WiFi access point with LTE as backhaul
The vehicle can serve as relay between LTE and WiFi. In this use case, UEs inside the vehicle get a service via the vehicle WiFi. The vehicle is connected to eNB. This setting may be beneficial for:

a. Cell edge extension scenarios by enhancing the signal strength by using vehicle antennas 
b. Interference mitigation 
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