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Abstract: This paper proposes to capture V2V use cases and the related potential requirements in Technical Report on LTE-based V2X.
1. Introduction

One of applications of LTE-based V2X is V2V (Vehicle to Vehicle communication) which can avoid road accident, and results in saving lives and reducing property loss by providing each other with information, such as safety warnings and traffic information [1]. As a cooperative approach, V2V can be more effective in avoiding accidents and traffic congestion than if each vehicle tries to solve these problems individually. The use cases for V2V have been extensively investigated and categorized in the context of DSRC/WAVE. It seems that most of them are useful for LTE-based V2V use cases as well. We propose one of typical and essential V2V application, i.e. Collision Warning.  
2. Proposal
In this document, we propose to capture V2V use cases below and potential requirements in Technical Report on LTE-based V2X as described below.
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* * * * Start of Addition * * * *
5.x
Use Cases for V2V
5.x.1
Use Case – Collision Warning
5.x.1.1
Description
This use case is based on co-operation (“talk each other”) between vehicles which detect a risk of forward collision.  
In general collision warning application is intended to warn the driver of the vehicle in case of an impending rear-end collision with another vehicle ahead in traffic in the same lane and direction of travel. The application uses data received from other vehicles to determine if a forward collision is imminent. 
In general, collision warning is intended to advise drivers to take specific action in order to avoid or mitigate rear-end vehicle collisions in the forward path of travel.
The typical use cases belonging to “Collision Warning” category:

· Cooperative Forward Collision Warning (FCW) 

· Emergency Electronic Brake Light Warning (warning of panic braking of cars ahead)

· Stopped Vehicle Ahead Warning (another forward collision warning)  - accident or problem

· Slow Car Warning (another forward collision warning)

· Overtaking Vehicle Warning (for passing another vehicle, do not passing warning)

· Wrong Way Driver Warning (avoid frontal collision)

“Co-operative awareness” in Intelligent Transport System (ITS),  means that transport entities such as vehicles, roadside infrastructure, pedestrians, etc. to collect knowledge of their local environment, e.g. information received from other vehicles or sensor equipments in proximity, to process them and to share that knowledge in order to provide more intelligent services such as cooperative collision warning or autonomous driving.
5.x.1.2
Pre-conditions
An operator offers a service, which makes use of the V2X feature.
Vehicle A and Vehicle B are V2X-enabled UEs.
Vehicle A and Vehicle B are authorized for vehicular services.
5.x.1.3
Service Flows
Vehicle A detects an event by ECU (Electronic Control Unit) of that car and other equipped devices (e.g. sensor).

Note:
Instantaneous event is triggered e.g. by one or multiple ones of the following reasons

· If collision is imminent (e.g. considering a measured distance and velocities between cars)

· If collision occurs (e.g. due to collision to vehicle, obstacle or vehicle problem)
· If collision warning V2X message is received by other vehicles

Based on the event, Vehicle A transmits the same or different V2X message using direct radio link, with a given transmission interval time and within a given latency. 

Vehicle B monitors transmission of the V2X messages and receives the V2X message transmitted by Vehicle A in case that they are in radio range.
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Figure 5.2.1.3-1: Forward Collision Warning
Note: In case of co-operative Forward Collision Warning, V2X message among the vehicles is continuously exchanged among vehicles so that they can make sure that the distance between vehicles is larger than a calculated value (threshold) depending on vehicle status.  
In case of multi-hop delivery, the received V2X message is forwarded to the other vehicles.
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Figure 5.1.1.3-2: Multi-hop message delivery (forwarding)
5.x.1.4
Post-conditions
Vehicle B gets aware of a specific situation out of different scenarios related to different collision risks.

Vehicle B generates necessary alerts for the driver of the vehicle (e.g., visual alarm, audio-visual alarm or vibration) so that the driver may take preventive action in advance of possible risky situation.

Note: The generation of alarm or method to alert for the driver is out of the scope of 3GPP.
5.x.1.5
Potential Requirements
The V2X-enabled UE shall be authorized for vehicular services.
A V2X-enabled UE shall be able to generate, transmit, receive and process co-operative awareness (i.e. “talk each other”) V2X messages for co-operation with other closely-located vehicle.

Editor's Note: Whether the V2X-enabled UE needs to be classified into V2V-enabled UE, V2I-enabled UE and V2P-enabled UE is FFS.
A V2X message generated by a V2X-enabled UE shall be delivered to other V2X-enabled UEs within [X] ms with a sufficiently low delivery loss.
Editor's Note:
Whether or not different V2X messages have different delay requirements is FFS.
A V2X-enabled UE shall be able to transmit V2X message in a periodical manner. 
A V2X-enabled UE shall be able to transmit V2X message in an event-driven manner. 
A V2X-enabled UE shall be able to support maximum data rate of [x] Mbps 
A V2X-enabled UE shall be able to deliver V2X messages to other V2X-enabled UEs in the service coverage of [x] meters. 
A V2X-enabled UE shall be able to receive V2X messages at the speed up to [x] km/hour.

Security for V2X message delivery shall be supported.
A V2X-enabled UE shall be able to support transmission and reception of the V2X message from other vehicles in different PLMNs
A V2X-enabled UE shall be able to support [n]-hop delivery of V2X message (n: FFS).
* * * * End of Addition * * * *
