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**************** 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.  
To understand more about the operation of sensing, we take the transmitter and receiver co-located case as an example. In figure 5.X.1-1, the sensing device sends the signals towards the door (i.e., reflector). The signal is reflected back towards the sensing device. The reflected signals and the original signals give some information for the sensing device. For example, the time of flight of the signal, can give some distance related information of the reflector. The reflected power variation of the signal (e.g. identified by amplitude), can give some material related information of the reflector.  
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Figure 5.x.1-1

When a new reflector appears or the situation of the reflector changes, such as when a person opens the door and enters, the signal is reflected back by the moving person. The velocity of the moving person may bring Doppler frequency shifting and also since the reflection surface of the person is different from the door, the amplitude of the signal may be also different, and the time of flight (ToF) of the reflected signal is also different in that direction, see figure 5.X.1-2.
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Figure 5.x.1-2

Some KPIs can be used to evaluate the sensing performance. The sensing service can provide some basic functionalities, such as identifying the distance, the angle, and also velocity of the reflectors based on the reflected signals. Some KPIs can represent the performance of these basic functionalities, such as the effective sensing distance, the effective sensing velocity, and the field of view (FoV). Also, for different scenarios, there will be different accuracy requirements for the distance, velocity and angle. Since there may also multiple moving reflectors in the sensing range, the resolution of the sensing service provides the evaluation on whether the sensing service can distinguish two reflectors. These required KPIs of the sensing service may vary according to scenarios.

Based on the above analysis, the sensing technology can improve the user experience in parking garage via enabling the vehicle and parking garage to get more information, e.g. information whether a parking space is available or not. The parking garage can install multiple sensing devices (i.e., UEs) throughout the concrete structure for detecting the availability of the parking space.
For the sensing devices, one deployment scenario 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. 
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Figure 5.x.1-1: Parking space determination
Multiple methods can be used via using the sensing signals emitted from the sensing devices to detect the target object/area and the sensing signals bounced/reflected back. For example, the sensing device can measure the reflected signal power of the target area [8]. Since the cars are usually made of metal materials and the ground is, on the contrary, covered by cement or plastic cement, these objects can vary significantly on the reflected signal power, thus the sensing device can distinguish whether a parking space is taken by simply measuring the reflected signal power difference. Another example method is that the sensing device can identify a parking space availability by monitoring the target movements. Comparing with the stationary objects such as ground and poles, the sensing device can easily distinguish a car when a car is parking or leaving, thus by measuring the distance/angle/velocity, the sensing device can record that a parking space is occupied when a car is parking, and that a parking space is free when a car is leaving. Or the sensing device can also detect a parking space availability by generating a 3-D point cloud [9], then both the stationary and moving target can be easily detected in a 3-D point cloud especially with some backend data processing skills such as machine learning/deep learning.
5.x.2
Pre-conditions

This use case is about a public multi-storey parking garage who has installed multiple sensing devices (i.e., UEs) throughout the concrete structure to detect the positions of people, objects, and vehicles within the garage. This parking garage can provide the information to the entering 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. So from the horizontal dimension, the resolution requires to distinguish different parking spaces. In the vertical dimension, if it is not stereo garage, no vertical resolution is needed. The results can be aggregated and the parking state can be updated in seconds, which helps avoid a wasting of time for the entering vehicles.  
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Figure 5.x.2-1 example of sensing scenario
Also in the underground parking garage, there is sometimes deep fading or bad coverage in some place. Some sensing devices cannot connect with gNB via direct network communication, but can connect to the other sensing device via direct device communication or connect to one service provider via non-3GPP connection for sensing result aggregation if there is no 5G coverage.
5.x.3
Service Flows
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 service provider for availability of a parking bay in floor#B2.

2. The service provider can activate the sensing devices in floor#2 for sensing. Multiple sensing devices sense the parking spaces without interfering each other or with bearable interference. The sensing results can be aggregated at one of the sensing devices, who sends the sensing results to the service provider.

3. With the aggregated sensing results, the service provider 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.

4. 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 UEs both when the UEs are in the 5G coverage and out of 5G coverage.

NOTE: If licensed band is used for sensing, it shall be fully under operator’s control.
[PR 5.x.6-2] The 5G system shall be able to authorize sensing for a UE or a group of UE when using licensed spectrum.

[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 the UEs to provide sensing services in a certain area.

[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 UEs to provide sensing services in a certain area with certain KPI requirements.

[PR 5.x.6-5] Based on operator’s policy, the 5G system shall expose a suitable API to a trusted third party to request the deactivation of UEs to provide sensing services in a certain area.

[PR 5.x.6-6] The 5G system shall be able to support charging data collection for the sensing services provided by the sensing devices (e.g. considering service type, sensing accuracy, target area, duration).

[PR 5.x.6-7] The 5G system shall be able to provide a means to minimize the interference to the UE based sensing service caused by the sensing operations of multiple UEs.
[PR 5.x.6-8] 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
	0.1m
	0.5m
	0.1m/s
	-
	2.5m 

(Note 1)

5m

(Note 2)
	-
	1s
	-

	Note 1: perpendicular to the parking space.
Note 2: parallel to the parking space.
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