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Abstract: This document proposes a new use case about sensing for Parking space determination for FS_Sensing.
**************** First Change ******************
5
Use cases

5.x
Use case of Sensing for Parking Space Determination
5.x.1
Description
Parking is a very important part of human transport. Struggling to find a parking space may annoy the driver. A UE with sensing capability can transmit sensing signal and/or receive the reflected sensing signal to identify whether the parking space is available in a relative huge area. Thanks to the sensing functionality, human life can become more convenient.  
5.x.2
Pre-conditions

The parking garage can be equipped with sensing devices (UEs), which enables the vehicle and parking garage to get more information. Using the sensing signals emitted from the sensing devices to detect the target object/area, the sensing signals bounced/reflected back are received by the sensing devices. 
The sensing device needs to detect whether a parking space is occupied in an area. A typical height of the ceiling of the underground garage is 5 m. We consider a sensing device can cover a relatively large area as long as 5*100 m2 (A typical parking space is with length 5 m and width 2.5 m) to detect whether the parking space in the area is occupied.  Then the angle accuracy for the identification of the parking state is about 5 degree.  The parking state can be updated in second to avoid waste of time on waiting the results. 
[image: image5.png]Sensing Device with
multiple antennas (UE)

Sensing results

Notifi

ation





In the underground parking garage, there is sometimes deep fading or bad coverage. The sensing device deployed in the underground parking garage can connect to the server via non-3GPP connection for sensing result aggregation if there is no 5G coverage.
5.x.3
Service Flows
A public multi-storey parking garage has installed sensing devices (i.e., UEs) throughout the concrete structure to detect the positions of people, objects, and vehicles within the garage. One deployment way is that sensing devices can be ceiling-mounted and located in such a way as to provide sensor coverage for the parking bays within the structure, where the transmitter and receiver can be co-located. Another deployment method is that some sensing devices can be ceiling-mounted and some can be mounted on the floor or wall, where the transmitter and receiver can be separately located. The data from these sensing devices is aggregated at a server which then offers a service to notify vehicles of suitable available parking spaces. 


[image: image2]

 SHAPE  \* MERGEFORMAT 
[image: image3] 
Figure 5.x.1-1: Parking space determination
1. James wants to park his car at the public parking garage in floor #B2. His vehicle, on entering the public parking garage, queries the server for availability of a parking bay in floor#B2.

2. The server can activate the sensing devices in floor#2 for sensing. With the aggregated sensing results, the server can send sensing results back with an addition to the dynamic map corresponding to the floor#B2 which shows the current status of parking bays in the structure.

3. James can see the available parking bays on his in-car display and choose a suitable one.
5.x.4
Post-conditions
Thanks to the sensing capability of user equipment even without coverage, James has found a parking space on the correct floor without issue, making his life easier during daily travel.
5.x.5
Existing features partly or fully covering the use case functionality
None.
5.x.6
Potential New Requirements needed to support the use case
[PR 5.x.6-1] The 5G system shall be able to provide sensing services with coverage and without coverage.

NOTE: If licensed band is used for sensing, it shall be fully under operator control.
 [PR 5.x.6-2] The 5G system shall be able to provide sensing with following KPIs.
Table 5.x.6-1: Performance requirements for the use of sensing in the smart transportation scenario
	Scenario
	Sensing Distance
	Sensing Angle 
	Sensing Speed
	Interval between two consecutive sensing fixes
	Latency

	
	Accuracy
	Resolution
	Distance Range 
	Accuracy
	Resolution
	Angle range 
	Accuracy
	Resolution
	Speed range
	
	

	Parking space determination
	1m
	1m
	100m
	5°
	-
	-
	-
	-
	-
	1s
	< Interval
(Note 1)

	Note 1:  One-way latency from UE to application/application server.


************* End of First Change ***************
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