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In this document, we provide the use case description and performance requirements for autonomous vehicles parking by automated driving.
Proposed Use Case Description
In this section, the use cases description is provided according to the 5GAA use cases template.
	Use Case Name
	Autonomous vehicles parking by automated driving

	User Story/Use Case Scenario
	When a vehicle arrives at its destination parking area, the vehicle is parked by itself through automated driving with the aid of parking data center and other vehicles that are actively driving in the parking area.

	Category
	Convenience, Advanced driving, Efficiency

	Road Environment
	 Urban | Rural | Parking area

	Short Description 
	· A vehicle arrives at its destination parking area.
· The vehicle obtains the surrounding information of the destination parking area from the parking data center and nearby vehicles which are actively driving in parking area.
· The vehicle determines its driving trajectory and parks itself into the destination parking space by automated driving.

	Actors
	Vehicle, Parking data center, Parking area

	Vehicle Roles
	Host Vehicle (HV) represents the parking vehicle.
RV represents other parking vehicles inside the parking area.

	Road & Roadside Infrastructure Roles
	None

	Other Actors’ Roles
	The parking data center shall get and update the high definition map inside the parking area, and provide the high definition map and surrounding environment information to HV. 
The parking area shall provide high definition map inside the parking area, and sensor/camera information inside the parking area.

	Goal
	Enable the vehicle parking itself through automated driving.

	Needs
	The HV shall enable automated driving functionality and communication with parking data center and RVs.
The parking area shall provide accurate and timely surrounding environment information inside the parking area by some inside equipment, e.g. Lidar, high resolution camera, and etc. 

	Constraints / Presumptions 
	Provide reliable and secure communication between HV and parking data center.
Provide reliable and secure communication between HV and RVs.
Provide reliable and secure communication between parking data center and parking area.

	Geographic Scope
	Anywhere.

	Illustrations 
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	Pre-Conditions
	The parking data center can provide high definition map inside the parking area, and provide the surrounding obstacles nearby the HV by the aid of the parking area.
HV shall enable high accuracy positioning inside the parking area.  

	Main Event Flow
	· When the HV arrives at the destination parking area, the HV establishes communication with parking data center.
· The HV obtains the high definition map prior to entering the parking area, and determines the navigating route from its current location to the parking space.
· The HV constructs the surrounding environment model inside the parking area according to the HV’s sensors, the information from parking data center and the status information of neighboring RVs inside the parking area.
· The HV stays in touch with the parking area through a heartbeat signal. This includes the vehicle’s position, speed and trajectory. Using this signal, the parking area can keep track of all the moving vehicles inside of it. 
· The HV determines its driving trajectory/manoeuvre, and moves from its current location to the destination parking space by automated driving. The parking area continuously updates status of the HV.
· In case of an unexpected event, the parking area is able to stop all ongoing traffic (emergency halt).
Note: the parking area provides only tactical information to the vehicle. Control and decisions on driving are taken care of locally in the vehicle.

	Alternative Event Flow
	None

	Post-Conditions
	The HV is parked into the destination parking space.

	Service Level Requirements
	· Range
· Information requested/ generated 
· Service Level Latency
· Service Level Reliability
· Velocity
· Vehicle Density
· Positioning Accuracy

	Information Requirements  
	· High definition map inside the parking area (obtained over cellular communications or directly from the parking area data center).
· Surrounding environment/road status nearby HV.
· HV’s status (location, speed, sensor data, driving trajectory/manoeuvre, and etc.).
· RV’s status (location, speed, sensor data, driving trajectory/manoeuvre, and etc.).
· Sensor/camera information between parking area and parking data center.




Performance Requirements
	KPI Title
	KPI Value
	Explanations/Reasoning/Background

	Payload (Bytes)
	4000 bytes every 100ms
	The surrounding environment objects:
60bytes/object, 50 objects, 10message/second
Driving trajectory/manoeuvre:
1000bytes, 10message/second
The total payload is 4000byte per message

	Tx rate (Message/ Sec)
	10 Hz
	The maximum speed is 25km/h when the vehicle is running to its parking space, then the HV will move 0.69m within 100ms. 
The maximum speed is 3km/h when the vehicle is performing parking itself into parking space, then the HV will move 0.084m within 100ms.

	Max end-to-end latency
(ms)
	100ms
	The maximum speed is 25km/h when the vehicle is running to its parking space, then the HV will move 0.69m within 100ms. 
The maximum speed is 3km/h when the vehicle is performing parking itself into parking space, then the HV will move 0.084m within 100ms.

	Reliability (%)

	99
	The maximum speed is 25km/h(6.9m/s) for vehicle running to its parking space. The typical speed is 3km/h(0.84m/s) when a vehicle is performing parking operation. Since the inter-distance between vehicles could be [5m]. With 3 failure receptions (the reliability could be 99.9999%), the HV will move at most 2.1m when it is running to its parking space, and 0.252m when it is performing parking operation. 

	Data rate (Mbps)
	Per transmitting vehicle: 320 kbit/s
	4000 byte*10Hz*8= 320kbit/s

	Min required communication
 range (meters)

	1000 meters (from vehicle to parking data center)
	The communication between HV and parking data center could be V2I or V2N. The parking data center could be collocated (V2I) or not collocated (V2N, which can be far away from the application zone) Still, we need 1000m of range to cover communication with the parking area data center on one level.



Conclusion 
In this document, the use case description and the performance requirements of autonomous vehicles parking by automated driving are provided.
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