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[bookmark: _Hlk118260301]Abstract: This document proposes a use case using automotive sensing assisted wireless communication. 
1. Introduction
[bookmark: _Hlk118260443]Introduce an automotive sensing assisted wireless communicaiton use case into the sensing study
2. Reason for Change
[bookmark: _Hlk118260658]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 v0.2.0.

* * * First Change * * * *
5.x	Use case of Automotive Sensing Assisted Wireless Communication
5.x.1	Description
As autonomy in vehicles is becoming increasingly pervasive, the vehicles are employing a variety of information from sensors (e.g., RF,  camera, lidar,  Inertial Measurement Units(IMU), GNSS, map information) to achieve situational awareness needed for the different levels of autonomy. The vehicles have increasing precise knowledge of their pose, sensing of the dynamic street-level environment, localization on map, and potentially the planned trajectory as well. 
The rich environmental awareness can be utilized to improve the communication performance of the vehicular communication system and/or any communication link in the same environment (for example, a smartphone inside a vehicle). Furthermore, the collective sensing information from multiple vehicles may also be aggregated to improve communication performance of a micro- or a macro- network site.
5G communication systems are designed for high bandwidth, high reliability, low latency, and increased predictability. The performance is subject to changing environment due to both self and environmental mobility. Environmental awareness is thus very beneficial in adapting and predicting the communication performance for the links operating in those environments. For example, communication in higher frequency bands such as millimetre wave bands may experience  significant changes in communication performance as a result environmental changes (e.g., beam blocking).  Vehicular sensing can assist the communications system performance by providing sensing and environmental awareness information which could be leveraged for  predictive beam management, blockage prediction, handover prediction, predictive rate adaptation, and robust RF fingerprinting in a dynamic environment.
To this end, a “Vehicular Sensing Assistance Service” can be envisioned that enables the collection of sensing and environmental awareness information from RF (i.e., 3GPP) and non-RF (i.e., non-3GPP) sensors belonging to one or more vehicles and provide relevant information. The service is described in figure 5.x.1-1.
-	The input to this service is the sensing and environmental awareness information otherwise known as “ sensing assistance information” which can include sensing measurement data (i.e., raw data) or sensing results (i.e., processed data) from one or more 3GPP and non-3GPP sensors. Examples of the sensing assistance info. include:
· NR RF measurement data and sensing results  
· The raw or post-processed sensing data (e.g., raw RGB-D images or segmented image with classification and depth information for various features detected the environment), 
· pose information in the global coordinate system, and 
· map information 
· It is important to note that the sensing information from 3GPPand non-3GPP sensors could be individual sensingor measurement data or sensing results which would be fused 3GPP and non-3GPP sensors multiple sensors to derive the sensing assistance information.
· The inputs to the service can also be collected from one or more vehicles. 
· In case the communication reference signal measurements or reports are available in the vehicle, they could also be used also as input into the Vehicular Sensing Assistance Service to improve the performance of the service.
-	The output of this service could be some understanding of the environment and impact to communication performance of a service consumer, e.g., predicted blockage to the vehicular communication system communicating with the RAN entity.
-	The consumer of this service could be a 5GS entity (e.g., a UE in a vehicle) or a 3rd party entity.
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Figure 5.x.1-1 Automotive Sensing Assisted Wireless Communication

5.x.2	Pre-conditions
In the example, a vehicle (i.e., the UE) is connected to the 5GS and communicating with the RAN entity. The vehicle sensing system is  equipped with an NR RF sensoring capabilities, IMU sensors and a 360 degrees RGB-D camera view of the environment. 
Assume that the vehicle sensing system is sharing the following sensing assistance information with the Vehicular Sensing Assistance Service in the network:
· NR RF sensing measurement data and sensing results
· Raw 360-degree RGB-D camera view at some frame rate.
· Vehicles pose in the global coordinate system.
· Vehicle’s velocity information in global coordinate system.
The vehicle also has an NR communication system that can be used for applications such as voice communications, accessing the internet and streaming videos.
5.x.3	Service Flows
Vehicle’s communication system is steaming a high-definition video stream for the children in the back seat using an NR connection between the vehicle and a RAN entity. 
As the Peter vehicle is driving around in the environment, the communication link between the vehicle and the RAN entity is subject to variations due to both self-mobility (e.g., turning on an intersection) and dynamics of the environment (e.g., truck driving past the vehicle). In fact, there is a truck approaching the vehicle which could block the communication link between the vehicle and RAN entity. 
By leveraging the sensing assistance information from the vehicle sensing system of Vehicle 1 and 2 and the communication reference measurements and reports from the Vehicle 1’s communication system,  the “ Vehicular Sensing Assistance Service” in the network is able to predict the communication blockage and instructed the Vehicle 1’s communication system to make the necessary changes (e.g., switch to an unobstructed communication beam between Vehicle 1 and RAN entity) prior to the occurrence of the beam blockage.  
5.x.4	Post-conditions
The service consumer (vehicle 1’s communication system) performance is not negatively impacted by the truck approaching the vehicle due to beam switching to avoid beam blockage by using the sensing assistance information derived from the vehicle’s sensing and communication systems. 
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 - 001] The 5G systems shall be able to support means for discovering and  collecting sensing and environmental awareness information related to a communication service from RF (i.e., 3GPP) and non-RF (i.e., non-3GPP) sensors (e.g., for optimizing the communication service). 
[PR.5.x.6 - 002] The 5G system shall be able to support the coordination and aggregation of information from RF (i.e., 3GPP) and non-RF (i.e., non-3GPP) sensors within a UE or among multiple UEs. 


* * * End of Changes * * * *
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