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This paper introduces new requirements on the cellular network to support vehicular to vehicular communication for cooperative maneuvering adressing high reliability, low latency in high mobility scenarios.
Introduction
Complex road traffic scenarios have to be solved without the driver’s intervention to enable autonomous driving. This scenario relates to the situation of lane merging. Lane merging is processed every time a vehicle wants to get into the flowing traffic (lane block, overtaking, on-ramp etc.). Steering control based on sensor information follows from events detected recently therefore unable to perform lane merging. Full cooperation between the vehicles is needed to increase the inter-vehicle gap and to allow vehicles to merge.
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Use Case
Cooperative Lane Merging (CLM)
Description
The use case Cooperative Lane Merging (CLM) addresses the scenario where one vehicle notifies the other vehicles in the surrounding about its manoeuvre prediction e.g. merging intention and negotiates afterwards the cooperative manoeuvre before manoeuvre execution. 
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[bookmark: _Ref424895573]Figure 4: Cooperative Lane Merging (CLM)

Vehicle B in Figure 4 intends to merge to the traffic flow between vehicle A and C. Vehicle B plans the manoeuvre in advance and negotiates with C and A the manoeuvre execution. Vehicle A accelerates while C drives slower and vehicle B merges into the gap. Very low latency and jitter are required to update the electronic control unit of the vehicle periodically to perform the steering intervention. The trajectory must be updated periodically, because the real trajectory deviates from the planned one.  The trajectory misalignment comes mainly from the electronic control unit tolerance, the quality of the street surface and the weather condition, e.g. rain and icy roads. The electronic control unit of the vehicle does not only receive the trajectory information from the neighbor vehicles but also performs data fusion of the received trajectory data together with other information relevant to steer the vehicle recurrently in every 10ms period. Cooperative lane merging operates direct steering intervention in mission critical scenarios. Information loss might lead to vehicle accidents. Massages have to be transmitted reliable and delivered with low latency. As the electronic control unit operate on data provided periodically the jitter must be very low. The interval recurs every 10ms. In this interval, related to Figure 4, the following functions are operated: 
1. Vehicle B processes its trajectory data
2. Vehicle B transmits the trajectory data to vehicle A and vehicle C
3. Vehicle A and vehicle C calculate based on the data received from vehicle B their trajectories
4. Vehicle A and vehicle C transmit the trajectory data to vehicle B 
5. Vehicle B processes the trajectory data and the electronic control unit performs the steering intervention
These operations appear recurrently in each 10ms time interval as long as the vehicle B is in process of lane merging.

Data exchanged between the vehicles are generated in bursts of almost 2500bit per vehicle in one millisecond.  Cooperative lane merging can be triggered either by one of the drivers, the electronic control unit of a vehicle or even by the traffic management system via the Road Side Unit (RSU). A mobile radio base station can be operated as RSU.  


Potential Service Requirements
The value stated in Table 2 refers to the communication latency. 2400bit must be transmitted in 1ms and leads to the shown peak data rate per vehicle of 2.4Mbit/s. The relative speed is 500km/h, because the oncoming traffic must be considered. The oncoming traffic might be a wrong-way driver on a highway.
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	Peak Data Rate per User
	Latency/Jitter
	Reliability
	Radio Range
	Communication Relation
	Mobility

	2.4Mbps
	1ms, very low jitter, as ECU expects an update every 10ms
	99.999%
	1km
	Broadcast
Multicast

	Absolute: 250km/h, 

Relative: 500 km/h



Potential Operational Requirements
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