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One of the most important long-term goals in cities and urban areas is to improve quality-of-life by reducing noise, pollution, and travel times in the city. One method to achieve this is to increase the traffic efficiency in the city. This allows for vehicles to travel quicker through and within the city.
Intersections have a significant impact on traffic efficiency in urban areas. Increasing how efficiently the traffic is handled at one or more intersections has the potential to improve the traffic flow in the whole city. In this document, we introduce the use case “Group Start”. First, we provide a description of the use case and in a second step, we derive the radio requirements of the use case. Finally, we perform a gap analysis and show which of the required radio features are still missing from 3GPP Release 16.
Use Case Description   
	Use Case Name
	Group Start

	User story
	Self-driving or semi-automated vehicles form a group to jointly start at traffic light. A traffic control center provides tactical and strategic information to coordinate the activity.

	Category
	Efficiency, Convenience

	Road environment
	Intersection | Urban

	Short Description 
	· A traffic control center identifies several vehicles which intend to cross an intersection on a similar path at similar time. It assigns the role of the group leader to the first vehicle approaching the intersection and instructs this vehicle and other participating vehicles about which spot at the intersection to take. The traffic control center takes vehicle capabilities in terms of dynamics, sensor capabilities, planned route, and communications properties into account when compiling the groups.
· The vehicles arrive at the traffic light and try to take the spots assigned by the traffic control center. The vehicles are ordered according to their planned path, their capabilities, and possibly other criteria.
· The traffic control center announces final group properties and gives vehicles the possibility to opt out. Update the group and the properties accordingly.
· The lead vehicle initiates the maneuver based on information from the traffic control center. The lead vehicle performs additional double checks to verify that the traffic light information is correct and the environment is ready for the group start maneuver.
· At execution of cooperative maneuver the lead vehicle monitors its progress and informs all participants about all changes in plan during the maneuver, e.g. truncation of group due to imminent red phase.
· At termination of the group-start maneuver (successfully or unsuccessfully) the lead vehicle reports the maneuver to the traffic control center.

	Actors
	· Host Vehicle (HV)
· One or more remote vehicles (RV)
· Traffic Control Center
· Traffic Light

	Vehicle roles
	· HV represents the lead vehicle for a given group
· RV represents the other group members

	Roadside infrastructure roles
	· Traffic light sends signal phase and timing information to the Traffic Control Center and / or to all vehicles in the vicinity.

	Other Actors’ roles
	· Traffic Control Center provides tactical and strategic information to facilitate the group start activity. This happens while the vehicles are approaching the intersection and while vehicles are waiting at the red light.

	Goal
	Allow a more efficient use of a green phase at an intersection. Reduce noise and pollution in cities. Increase convenience for drivers due to shorter waiting times.

	Needs
	· The traffic control center identifies that multiple vehicles are approaching an intersection. These vehicles intend to cross the intersection on the same path and at a similar predicted time.

	Constraints / Presumptions 
	· There is one dedicated traffic control center for the given intersection.
· There is a mixture of vehicles which are capable and vehicles which are not capable of participating in the group start use case waiting at or approaching the traffic light. A non-capable vehicle is a delimiter for a group. A next group may be formed after the non-capable vehicle. This next group is expected to start independently of the first group.
· The vehicles waiting at or approaching the traffic light have different capabilities (e.g. in terms of achievable acceleration, sensor equipment).
· There are more vehicles at the light than can pass during one phase.
· All vehicles potentially participating in the group can establish a secure connection to the appropriate traffic control center.
· All vehicles potentially participating in the group can securely communicate to each other.

	Geographic Scope
	· Regional

	Illustrations 
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	Pre-Conditions
	· The traffic control center provides advice to the vehicles on how to approach the intersection and which spot to take there (lane, relative position or absolute position).
· The vehicles arrive at the intersection and wait at a red light.

	Main Event Flow
	Phase 1 (Group Formation by the Traffic control center with communication over the traffic control centre only):
· The traffic control center announces the formation of a group of vehicles to perform a group start to the corresponding vehicles. 
· The traffic control center assigns the leadership to leading vehicles of the group.
· The Traffic control center announces final group properties (e.g. planned maneuver and trajectory, including acceleration, yaw rate, etc.) and requests an acknowledgement from each vehicle. Each vehicle has the ability to opt out from the formed group.
· If needed, the traffic control center updates the group according to the final acknowledgements.
Phase 2 (Maneuver Selection and Initiation):
· The lead vehicle performs additional double checks to verify that the traffic light information is correct (e.g. cross checking locally available information with information from traffic control center) and the environment is ready for the group start maneuver.
· The lead vehicle initiates the maneuver through a message to all group participants.
· From this point on, the group is considered as closed and communicates within the group only. Communication within the group will be confidential (encrypted). We assume that there is no communication between different groups.
· To the outside world, the lead vehicle announces the intent, position, and progress of the platoon (e.g., similar to a CAM type message).
· All vehicles send updates and additional information (e.g. detour or delay due to pedestrians) to the lead vehicle.
· To the infrastructure and the traffic control center, the lead vehicle stays in contact to report progress of the platoon.
Phase 3 (Maneuver Monitoring and Update): 
· While executing the maneuver, the vehicles constantly monitor the environment. The lead vehicle takes a special role by monitoring the forefront for any obstacles. All maneuver changes are announced by the lead vehicle.
Phase 4 (Group Release): 
· The lead vehicle terminates the group start maneuver.
· Successful: All vehicles have completed the intended path of the group-start group.
· Unsuccessful: At least one vehicle has not yet completed the intended path within a given time.
· The lead vehicle informs the group that the group is dissolved unsuccessfully.
· The lead vehicle also includes the most recent signal phase and timing information into that message.
· The lead vehicle provides a report of the group start maneuver to the traffic control center.

	Alternative Event Flow

	· None

	Post-Conditions
	· All vehicles have completed the maneuver or the green phase ends 

	Service-Level KPIs
	· Confidentiality
· Service Level Latency
· Service Level Reliability
· Communication to exactly one participant of the group
· Communication to the group

	Information Requirements  
	· Signal Phase and Timing Information
· Properties of the Group
· Position
· Speed
· Acceleration
· Yaw Rate
· Planned Path
· Timeout after which the maneuver is considered as unsuccessful.



Performance Requirements
	KPI Title
	KPI Value
	Explanations/Reasoning/Background

	Payload (Bytes)
	300 bytes every 50 ms
	We expect the majority of the packages to be status update reports (e.g. position, acceleration, yaw rate, etc.). Hence we assume the size of the messages to be similar to a basic safety message (approx. 300 bytes).

	Tx rate (Message/ Sec)
	20
	As this is a variant of a platooning use case, we assume the same message rate as for platooning (20 Hz).

	Max end-to-end latency
(ms)
	50
	50 ms of service-level latency for communications between the members of the group. The rationale for that value is that we intend to use the very low inter-vehicle distance (e.g. 20 cm) vehicles have when waiting at the red light during the start maneuver.

	Reliability (%)
(NOTE 5)
	99
	The specified value states the packet error rate at the lower layers. We are confident that with this error rate, we can provide a sufficient service-level reliability (e.g. 99.999%) through robustness in the application itself.

	Data rate (Mbps)
	Per transmitting vehicle: 48 kBit/s
	This is a consequences of assuming 300 bytes at 20 Hz: 300 bytes * 8 bit / byte * 20 / s.

	Min required communication
 range (meters)
(NOTE 6)
	150 (between vehicles),
 300 (with infrastructure)
	Assuming that a vehicle, including inter-vehicle gap is 15 meter, and 10 vehicles to be within the group, we end up with 150 meter between vehicles, 300 meter between vehicle and Roadside Infrastructure



Conclusion
This use case description should be included in the Rel..16 NR use cases, representing a Group Start user story.
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