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Abstract: This document proposes an automotive use case for 5GS coordinated assisted sensing
1. Introduction

Introduce an automotive 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, V0.0.0
* * * First Change * * * *
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* * * End of First Change * * * *

* * * Second Change (All new text) * * * *

5.y
Coordinated Sensing Operations
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.    

However, as the number of vehicles with the sensors increase, interference and resource collision may happen, especially for those radio access technology-based sensors, e.g., NR-based sensors. Due to relatively limited radio resources comparing to the large number of sensors in a crowded area, this may cause sensing less reliable when it is most needed. Therefore, 5G system communication mechanism could be utilized to assist the coordination,  reduce the potential interference and collisions and improve the quality of the services that are dependent on the sensors. 

Additionally, due to the mounting position of the sensors (e.g., NR-based sensors, radar, camera, etc) information collected from a single vehicle's sensors may not be sufficient or accurate enough to satisfy the advanced automotive use cases, e.g., coordinated manoeuvre. With the help of 5G system, the vehicles could communicate and exchange information with other sensing source (including other vehicles, roadside units, base stations, and network) to improve the sensing results.    

5G system assisted sensing operations could significantly improve the sensing reliability and quality and make the advanced automotive use cases possible.  

5.y.2
Pre-conditions

The vehicles are equipped with NR-based sensing technology, and the sensing results are used for the vehicle control and driver assistance, e.g., feed into the Automated Driving System (ADS) which is located in the car [x].  Non-3GPP-based sensors like radar, camera and lidar sensors may also be available in the vehicle.  

Additionally, the vehicles are capable of 5G communications, including direct communication with other vehicles, communication with 5G system via a base station, or communication with a roadside unit (RSU), etc.

Besides the vehicles, there are also other equipment capable of sensing deployed in the region, e.g., base stations, RSU, etc. as shown in Figure 5.y.2-1.
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Figure 5.y.2-1: 5G System Assisted Sensing Operations Use Case
5.y.3
Service Flows

1) 5G system assisted sensing coordination 
Bob drives on the road with the vehicle equipped with the NR based sensing technology. Due to the high density of the area, there are many other vehicles also using the same RF based sensing technology. The uncoordinated use of radio resources by the sensors causes potential interference and collisions, and Bob's vehicle sensing results are compromised, e.g., some objects on the roads are not successfully detected. This causes autonomous driving disengagement, and may cause uncomfortable and dangerous maneuvers, e.g. emergency brake. The ride quality degrades. 

Bob's vehicle identified the needs for 5G system assistance in sensing coordination, e.g., by either 5G system provided information, or local ADS system determination, or sensor's performance monitoring system. The vehicle sends a coordination request to the 5G system. Depends on the 5G communication modes supported in the region and the device, this can be a broadcast messages to other vehicles in the area, or a unicast message towards a RSU, or a request to a sever in the network via a base station. This is shown in Figure 5.y.3-1. It is important to note that the 5G UE on the vehicle determines the most suitable methods of communication based on configuration and policies which can be provided by the network.  Also, the network provided configurations and policies can be also take into considerations information or policies provided by the application.  

Based on the coordination request, other vehicles in the region adjusts the sensing operation parameters. The coordination request may be forwarded by the RSU or the base station to the other vehicles. Alternatively, if there are dedicated servers handling the request, there can be consolidation of the requests from different vehicles, before the messages are forwarded.   In case the server is capable of detecting the degraded service, it could generate the coordination request also.  

As the sensing operation from Bob's vehicle is only relevant for a limited region, the 5G system also identify the target vehicles that need to participate in the coordination. Other vehicles would not be affected. 
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Figure 5.y.3-1: 5G system assisted sensing coordination
With the help of 5G system, Bob's vehicle is able to coordinate the sensing operation with other vehicles or devices in the region. There is no more interference and collision, and the autonomous driving can function properly with the sensing results. 

2) 5G system assisted collaborative sensing
Bob drives a vehicle with one or more sensing technologies (e.g., NR RF sensing, camera, lidar, etc). The vehicle utilizes the sensing results to assist the operation, e.g., autonomous driving. However, due to the sensor's range, or physical blockage of other vehicles on the road, the sensing results cannot fully satisfy the autonomous driving needs and requirements. For example, Bob's sensor(s) is(are) blocked by Joe's vehicle, and cannot adequate detect its surroundings (e.g. detect if there is another vehicle in front). This may result in the vehicle miscalculating the needed distance to stop before a traffic light. In other cases, Joe's vehicle may also reduce the valid sensing region and result in misdetection of incoming vehicles size or shape, especially near intersections. 

Bob's vehicle identified the needs for 5G system assistance. The vehicle discovers the vehicles and devices with RF sensors that can support the collaborative sensing in the area. In this example, Bob's vehicle discovered Joe's vehicle and the base station/RSU on the other side of road can be useful in providing collaborative sensing inputs.  

Bob's vehicle establishes 5G communication connection with Joe's vehicle and/or the base station/RSU as shown in Figure 5.y.3-2. The best mode of the 5G communication is determined by the vehicle based on 5G system configuration and policies. 

Bob's vehicle requests collaboration to Joe's vehicle and/or the base station/RSU. The request could indicate the needed information for the collaboration, e.g., the additional region to be covered, additional sensing target, synchronization info, etc. In case it is supported, Bob's vehicle could even request some raw sensor data from Joe's vehicle, if Bob’s car can support processing data from the sensor in Joe’s vehicle. 

Due to the dynamism of the vehicular operation environment, sensors in Bob’s vehicle can have different operation status. For example, blockage to Bob’s car may be positioned in such a way that some sensor inputs may not be valid for collaboration for a period, e.g., camera or Lidar view being blocked by a truck in front, while other sensor e.g., RF sensors are operational. The blocked sensors may become operational again when the truck moves away.  To facilitate efficient sensing fusion of these various sources of sensors, Bob's vehicle may need to inform other parties, e.g., other vehicles or network server, of its sensor status change. Additionally, the configuration parameters such as synchronization information can be communicated to Bob’s vehicle when the sensors are again able to meet the requirements for the sensing service. The sensing inputs from different sensors can also be processed or fused in together in the vehicle to provide the service. Alternatively, the sensor inputs can be transferred to the network or a server through the network for further processing and fusion.  
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Figure 5.y.3-2:  5G system assisted collaborative sensing
Joe's vehicle and/or base station/RSU responds to Bob's vehicle request and provide the needed information. Such information may be provided by a server that is collocated with the base station/RSU, or in the network. 

With the collaborative information provided by Joe's vehicle and/or the base station/RSU, 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 coordinate the operation with other vehicles to avoid interference and 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 functionalities enabling collaborative communication and sensing, including UEs supporting NR-based sensing capabilities or other non-NR based sensors, collaborating between each other, and with the network.
[PR 5.y.6-2] The 5G system shall be able to assist the discovery and coordination of UEs with sensing capabilities.
[PR 5.y.6-3] The 5G system shall be able to provide authorization and configuration to a UE to establish the communication connection needed to assist the sensing collaboration, including specific geographical areas or other conditions where sensing operation is required or allowed. 

Editor’s Note: The connection used for sensing collaboration may include direct communication with other vehicles, communication with 5G system via a base station or other relay devices. 
[PR 5.y.6-4] The 5G system shall be able to support exposure of UEs' sensing data, capabilities, and configuration to an authorized 3rd-party, e.g., to facilitate 3rd-party control and coordination of sensing inputs from one or more sensing UE.

* * * End of Second Change * * * *
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