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This paper describes the requirements on the mobile network to prevent road incidents through cooperative maneuvering. Direct steering control demands for V2V communication with low latency and high reliablity.




Introduction
[bookmark: _Toc408371048]Investigation on road traffic accidents in the US [1] shows, that almost 27% of road incidents happen at road intersections. The steady growing road traffic leads to more complex scenarios where drivers are often unable to cope with the situations. Active and passive safety systems integrated in vehicles today aim mainly to mitigate the consequences for passengers after the collision has occurred while the presented use case facilitates V2V communication to intervene directly to the steering control with the goal to prevent from any collisions. 


Use Case
Cooperative Longitudinal & Lateral Control for Collision Avoidance (CoLCA)
Description
Cooperative Longitudinal & Lateral Control for Collision Avoidance (CoLCA) prevents from situations where a collision becomes inevitable, through pre-planned cooperative manoeuvres. These manoeuvres are negotiated among all vehicles driving through a hazardous area. The process to prevent from collision by Cooperative Longitudinal & Lateral Control for Collision Avoidance is started either by the driving vehicle which observes the hazardous situation or by a Road Side Unit (RSU), aware of the potential collision risk. A cellular base station can be operated for instance as Road Side Unit (RSU). Vehicles performing Cooperative Longitudinal & Lateral Control for Collision Avoidance monitor the status of the process and periodically send update messages carrying the actual steering action. The scenario shown in Figure 1 gives an example where a collision at an intersection is avoided by cooperative makeovers. 



[image: ]
[bookmark: _Ref425233202]Figure 1: Accident Prevention at Intersection

Vehicle V1 identifies a high collision risk from received messages and estimates the potential collision location with vehicle 4 and/or vehicle 9. Vehicle 1 notifies all vehicles in the surrounding about the detected hazardous situation and requests to provide their state measurements like position and velocity etc. In this example vehicle 1 operates Cooperative Longitudinal & Lateral Control for Collision Avoidance, because vehicle 1 is aware of the potential collision risk. Vehicle 1 computes the manoeuvres to be processed subsequently by the vehicles involved to avoid the collision. The plan of action is sent to all other vehicles in advance.  
Potential Service Requirements
Cooperative Longitudinal & Lateral Control for Collision Avoidance addresses the time critical road traffic situation where vehicles are close before colliding and demands for very low communication latency and requires high reliability. 

Table 1 states the KPIs to operate Cooperative Longitudinal & Lateral Control for Collision Avoidance by the future mobile network. 

[bookmark: _Ref425180476]Table 1: CoLCA Key Performance Indicators
	Data Rate per User
	Communication
Latency/Jitter
	Reliability
	Radio Range
	Communication Relation
	Special network entity
	Mobility

	2.4Mbps
	1ms, very low jitter, because ECU expects updates in predefined time intervals
	99.999%
	300m
	Multicast
Broadcast
	Road Side Unit (RSU) with interface to the mobile radio network
	Absolute: 50 km/h – 100 km/h



Potential Operational Requirements
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