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Abstract: This document proposes a new use case about sensing for parking space determination for FS_Sensing.
To be able to write sensing contributions without selecting a specific implementation (which is outside the scope of SA1) we propose to use neutral terms. By introducing Sensing transmitter and sensing receiver we can describe specific requirement for the components without alluding to specific implementation.
Sensing transmitter: A sensing transmitter is the entity that sends out the sensing signal which the sensing service will use in its operation. A sensing transmitter can be a RAN node or a UE. A sensing transmitter can be located in same or different entity as the sensing receiver.
Sensing Receiver: A sensing Receiver is an entity that receives the sensing signal which the sensing service will use in its operation. A sensing receiver can be a RAN node or a UE. A sensing Receiver can be located in same or different entity as the sensing receiver.
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[bookmark: _Toc113213321][bookmark: _Toc25034][bookmark: _Toc66907845][bookmark: _Toc66907322][bookmark: _Toc66907580]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc113213322]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
sensing measurement data: data collected about radio/wireless signals impacted (e.g. reflected, refracted, diffracted) by an object or environment of interest for sensing purposes.
sensing measurement process: process of collecting sensing measurement data.
sensing result: the information derived from processing sensing measurement data.
NOTE: Examples of sensing result are characteristics of an object or environment, etc.
Sensing service area location:  an area location whether with or without obstacle, the 5G system can provide sensing service with certain quality.
transparent sensing: sensing measurements are communicated such that they can be discerned and interpreted by the 5GS, e.g. the data is communicated using a standard protocol to an interface defined by the 5GS.
Sensing transmitter: A sensing transmitter is the entity that sends out the sensing signal which the sensing service will use in its operation. A sensing transmitter can be a RAN node or a UE. A sensing transmitter can be located in same or different entity as the sensing receiver.
Sensing Receiver: A sensing Receiver is an entity that receives the sensing signal which the sensing service will use in its operation. A sensing receiver can be a RAN node or a UE. A sensing Receiver can be located in same or different entity as the sensing receiver.
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5	Use cases
5.x	Use case of Sensing for Parking Space Determination
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]5.x.1	Description
The use case to find parking place would be greatly improved by being digitalized compared to the current method, which is to drive around and search for an empty spot. When 3GPP networks introduces sensing service, one option to determine available parking spaces will be to use this 3GPP sensing technology.
Another related use case is automated parking e.g. AVP (Automated Valet Parking) and AFP (Automatic Factory Parking) [39] where cars are provided with drive-path information to do automated parking in a given parking lot facility. Connectivity is an important component in automatic parking, and the 3GPP sensing technology can serve as the way to determine available parking spaces and the best route for a car to reach it. 
The coverage could be either a public network or a private network specifically for the parking garage.
[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]There are multiple methods to achieve the sensing service, but these are better discussed during the solution phase, and are therefore not included in the use case or service requirement. A crucial requirement in this use case is that the sensing resolution need to be good enough to determine that there is an available parking lot. The service area is another KPI to be derived from the use case. 
5.x.2	Pre-conditions
A multi- story parking garage has installed a 3GPP sensing service to help vehicles to find empty parking spaces within the garage. This parking garage can provide the information using the service “find a parking lot” to vehicles about the availability of the parking space. 
Consider an example scenario shown in Fig. 5.x.2-1. A typical parking space is with length 5 m and width 2.5 m. The sensing service needs to identify cars parked at the different parking spaces, and the resolution therefore requires to be able to separate different parking spaces. The results can be aggregated, and the state of each parking place can be updated in seconds, which helps avoid a wasting of time for the entering vehicles.  

Figure 5.x.2-1 example of sensing scenario
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]5.x.3	Service Flows
1. Ella wants to park her car at the parking garage. Her vehicle, on entering the parking garage, queries the service application for availability of a parking bay.
2. The service application uses the 3GPP sensing system to find the best available parking bay and can immediately answer to the request.
3. With the sensing results, the service application can send the results back with either a dynamic map showing how to drive to the parking bay or instruct the car’s self-driving system how to maneuvers to get to the spot 
5.x.4	Post-conditions
Thanks to the sensing system Ella has found a parking space without issue, making life easier during daily travel.
[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]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 for licensed and unlicensed spectrum. 
[PR 5.x.6-2] The 5G system shall be able to authorize sensing receiver(s) and sensing transmitter(s) to participate in a sensing session.
[PR 5.x.6-3] Based on operator’s policy, the 5G system shall expose a suitable API to a trusted third party to authorize sensing services.
[PR 5.x.6-4] Based on operator’s policy, the 5G system shall expose a suitable API to a trusted third party to request the activation of the sensing service with specific KPI requirement, as well as deactivation of the same service.
[PR 5.x.6-5] The 5G system shall be able to support charging for the sensing services (e.g. considering service type, sensing accuracy, target area, duration).
[PR 5.x.6-6] 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 Parking space determination 
	Scenario
	Distance Accuracy
(confidence level 95%)
	Velocity Accuracy
(confidence level 95%)
	Resolution
	Sensing service latency
	Refreshing rate

	
	Horizontal Accuracy 
	Vertical Accuracy
	Horizontal Accuracy
	Vertical Accuracy
	Horizontal Resolution
	Vertical Resolution
	
	

	Parking space determination
	0.5m
	0.5m
	0.1m/s
	-
	2m 

	-
	1s
	-

	



************* End of Third Change ***************
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