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Abstract: This document proposes a sensing-assisted automotive maneuvering and navigation use case for the FS_sensing study
1. Introduction

Introduce an automotive manuevering and navigation use case into the sensing study
2. Reason for Change

Adding a use case with some functional requirements to the study 
3. Conclusions

4. Proposal

It is proposed to agree the following changes to 3GPP TR 22.837, V0.1.0
* * * First Change * * * *
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* * * Next Change ( All new text) * * * *
5.y
Use Case on Sensing Assisted Automotive Maneuvering and Navigation
5.y.1
Description
To support smart transportation and autonomous driving, more vehicle and devices are equipped with sensing technologies. For example, cameras, Radar, and Lidar systems are the most used sensors by the automotive industry to maintain the perception for autonomous vehicles at various levels of autonomy. Accurate sensing results are crucial to enable the safe and reliable control of the vehicles.   

Due to the mounting position of the sensors (e.g., NR-based sensors) information collected from a single vehicle's sensors may not be sufficient or accurate enough to satisfy the advanced automotive use cases, e.g., autonomous driving, coordinated manoeuvre, etc. Therefore, the 5G system could coordinate sensing to enable the vehicles derive NR sensing inputs (i.e., sensing measurement data or sensing results) which could be consumed at the vehicle and used for the vehicular control and driver assistance, e.g., feed into the Automated Driving System (ADS) in the car [x]. Alternatively, the NR sensing measurement data or sensing results collected by the UE can be sent alongside relevant sensing information to other sensing entities (including other vehicles, roadside units, and network) for further processing (if required) before sharing with a 3rd party application as shown in Figure 5.y.1-1.  
The network facilitated NR based sensing described above could significantly improve the sensing reliability and quality, enabling new and advanced automotive use cases. 
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Figure 5.y.1-1: 5G System Assisted Automotive maneuvering and navigation


5.y.2
Pre-conditions

In this use case, Joe and Bob’s vehicles are equipped with NR-based sensing technology. Non-3GPP-based sensors like radar, camera and Lidar sensors could also be available in the vehicles. 
Additionally, the vehicles are capable of 5G communications, including direct communication with other vehicles, communication with 5G system via RAN entities.





5.y.3
Service Flows

5G system assisted coordination of sensing service

Step 1 (Network provides configurations and policies): When Bob’s car registers for NR sensing service, the network provides policies and configurations to enable UEs take appropriate actions during sensing e.g., obtaining sensing inputs from another UEs/RAN entities.  For example, the policies provided by network could provide guidance for the discovery UEs/RAN entities with appropriate NR RF sensing capabilities, when to trigger requests, when to stop sending requests, messaging formats, the communication configurations (such as which 5G communication mode to use and under which conditions), etc. These polices and configurations could be updated frequently as determined by the network.
Step 2 (Bob determines his sensors are blocked): Bob's sensor(s) is(are) blocked by Joe's vehicle, and cannot adequately detect its surroundings (e.g., detect if there is another vehicle in front). This could result in the vehicle miscalculating the needed distance to stop before a traffic light. In other cases, Joe's vehicle could also reduce the valid sensing region and result in misdetection of incoming vehicles size or shape, especially near intersections. The sensing results cannot fully satisfy the autonomous driving needs and requirement.
Step 3 (Bob recognizes need for sensing inputs): Due to unsatisfactory autonomous driving needs and requirements, the UE in Bob's vehicle is notified that its sensors are blocked and needs 5G System assistance for coordination of the sensing service. 

Step 4 (Bob’s vehicle discovers Joe’s vehicle): With the policies and configurations provided by the 5G system, Bob’s vehicle can search for neighboring UEs/RAN entities or ask the network to provide recommendations for UEs/RAN entities and their NR RF sensing capabilities (e.g., if UE/RAN entity supports sensing service). This information would be used to discover other vehicles and RAN entities with NR RF sensors that can support sensing in the area. In this example, Bob's vehicle discovered Joe's vehicle could be useful in providing sensing inputs. 

Step 5 (Bob’s vehicle connects to Joe’s vehicle): Bob's vehicle then establishes 5G communication connection with Joe's vehicle and/or RAN entities as shown in Figure 5.y.3-1. The most suitable 5G communication mode (e.g., broadcast, unicast, etc) is determined by the Bob’s vehicle based on 5G system configuration and policies. 

Step 6 (Bob's vehicle requests sensing info from Joe’s vehicle). The request could indicate the information needed to perform sensing, e.g., the additional region to be covered, additional sensing target, synchronization info, etc.

Step 7 (Joe sends sensing results/sensing measurement data to Bob’s vehicle) Based on the information provided by Bob’s vehicle; Joe sends Bob sensing results identifying objects in its surroundings. Joe’s car also supports the capability to forward sensor measurement data so it forwards that also to Bob’s car. 

Step 8a (Bob processes sensing data locally) Based on the fact that Bob’s has non-NR sensors (e.g., camera, Lidar), Bob’s car combines the sensing measurement data from Joe’s vehicle with other sensors and displays the sensing results on the application in its autonomous driving application in his car. 

Step 8b (Bob sends NR and non-NR sensing results to 3rd party application) Alternatively, Bob sends NR sensing results and results from the camera and Lidar to a 3rd party application server (through the network) for fusion of the sensing results from NR and non-NR sensors. 
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Figure 5.y.3-1:  5G system assisted automotive maneuvering and navigation 
With the sensing information provided by Joe's vehicle and/or the network, Bob's vehicle obtains a full map of the region. The autonomous driving algorithm can make corresponding decisions reliably.   

5.y.4
Post-conditions
Using 5G system assistance, Bob's vehicle would be able to achieve highly reliable and accurate sensing results, by coordinating the operation with other vehicles to collaborate with other sensing devices to improve quality. With this high-quality sensing results, advanced smart transportation use cases and autonomous driving could be achieved. 
5.y.5
Existing features partly or fully covering the use case functionality
V2X communication supports the information exchange among the vehicles, between vehicle and infrastructure or network. 

Editor’s note: Further gap analysis is FFS.

5.y.6
Potential New Requirements needed to support the use case
[PR 5.y.6-1] The 5G system shall be able to support mechanisms to control UEs and RAN entities for a sensing service.

NOTE:
In the requirement above, control may include configuration such as sensing specific policies and settings (e.g., conditions for triggering sensing requests, etc.) coordinated amongst UE and RAN entities.
[PR 5.y.6-2] For a sensing service, the 5G system shall be able to support mechanisms for the UEs and RAN entities to provide sensing measurements and/or sensing results.

[PR 5.y.6-3] The 5G system shall be able to support an authorized UE in the discovery of UEs and RAN entities with the required NR RF sensing capabilities for the sensing service.

[PR 5.y.6-4] The 5G system shall be able to provide means to authorize and configure a UE for sensing operation (e.g., based on location, time, etc) and for establishing the communication connection needed to assist the sensing service. 

NOTE: 
The above requirement assumes that the communication connection used for sensing service can include direct network communication, direct device connection and indirect network connection. 
[PR 5.y.6-5] The 5G system shall be able to support exposure of UEs' sensing results, capabilities, and configurations to a trusted 3rd-party application, e.g., to facilitate 3rd-party control and coordination of sensing inputs from one or more sensing UEs.

* * * End of Next Change * * * *
NOTE: In the requirement above configuration may include sensing specific policies and settings (e.g., conditions for triggering sensing requests, communication-related QoS, etc.) coordinated amongst UE and RAN.
3GPP


5GC

3rd party application
5GC



5GC

3rd party application
5GC



