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1. Overall Description:
5GAA thanks 3GPP TSG RAN for the liaison statement and offers the following responses.
5GAA has identified the advanced C-V2X use cases and the corresponding requirements including those for positioning in TRs Volume I and Volume II. In parallel to those V2X UCs and requirements, 5GAA has identified the positioning-specific use cases, requirements and technologies for high accuracy positioning in TR on V2XHAP. Please find attached TRs for more detailed information.
The relevant outcomes of 5GAA activities as a response to LS from 3GPP RAN can be summarized in perspective of the requirements and the deployment/operation scenarios.
A. Requirements
The service level requirements (SLR) for V2X services relevant to the high accuracy positioning are those of velocity and positioning accuracy. The positioning requirements according to the 5GAA TRs on Use Cases Vol. I and II can be summarize into three main groups, all at the highest speed a participating vehicle might be driving at, depending on the type of road environment and/or safety rules (e.g. 250kph on German Autobahn)  
1) Relatively lax, tens of meters with 1 sigma (information provisioning)
2) Lane level accuracy, 1.5 m with 3 sigma (e.g. day1 safety use cases)
3) Below meter level accuracy, e.g. 0.1 m with 3 sigma (e.g. automated driving or teleoperated driving)

The Annex of this LS provides the list of use cases from the above groups. The positioning accuracy requirements provided in the technical reports indicate the minimum required positioning accuracy for the realisation of the use cases. If more precise positioning is available, it would further enable the use cases and allow for even more efficient execution.
Different V2X Use Cases have different requirements on the positioning information, depending on how they are specifically designed. The different types of positioning information that have been considered in 5GAA C-V2X use cases include:
· 3D coordinates (e.g. latitude and longitude, potentially also elevation, or cartesian x,y,z) 
· distance and/or angle to a reference point
However, the requirements on positioning from a use case perspective should be provided independent of the specific implementation. Each use case has a minimum requirement on which type, and accuracy of positional information needs to be available for its execution. This is independent of the positioning determination solution. For example, for some Use Cases it might be sufficient for a Host Vehicle to be provided only the relative distance and angle to the Remote Vehicles (or other traffic participants).
B. Deployment/operation scenarios
Below are the deployment/operation scenarios of key positioning technologies studied in 5GAA TR on V2XHAP. These may be helpful for 3GPP RAN study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage positioning use cases. Further details of the analysis can be found in TR on V2XHAP.
1) Spectrum aspects
    From 5GAA perspective, without any preference on a specific band, the ITS-dedicated, the licensed (including mmWave band) and the unlicensed spectrum band are considered to be used for V2X positioning. Use of each band for positioning has its own pros and cons in terms of the positioning accuracy, positioning service availability, cost of deployment, coverage extent, and regulatory constraint. Further analyses on these points would be needed. 
2) Coverage of positioning
    In accordance with the evolution of V2X services, the positioning information necessary for V2X service needs to be available in as many areas as possible. For absolute positioning, UEs in outdoor area can be positioned with the aid of GNSS or cellular base stations. The sheltered outdoor and the deep indoor areas such as a long tunnel or an underground parking lot, are challenging for absolute positioning when both GNSS and the base station may not be reachable from the UE side. It has not been studied in 5GAA whether absolute positioning based on cellular base station extension can meet the accuracy required by C-V2X applications in these scenarios. Relative positioning may be needed in cases when GNSS/network coverage cannot be achieved, or the absolute positioning accuracy cannot be guaranteed in any case, or with receivers with limited computational capabilities, e.g., VRU.
3) Radio link for positioning
There are a couple of radio links that can be used for positioning. GNSS link is most widely used for positioning and provides a global coverage. In cellular network, the Uu link based positioning is standardized in 3GPP LTE and NR, which is available in the network coverage. For the case where neither GNSS nor the base station is able to meet the positioning requirements, additional techniques are needed. Sensors and vehicle dynamics may address some of these scenarios, and each type has its own pros and cons for positioning. Sidelink can be considered as a new radio link for ranging and positioning, which is needed to cover these scenarios and to provide a positioning solution package together with GNSS and Uu link based positioning.
4) Antenna topology
    Advanced V2X use cases require high radio link reliability with 360˚ azimuth antenna coverage and high data rates in the vehicular environment. For this purpose a distributed antenna system (DAS) is considered to be able to improve both coverage and data rate by deploying multiple antennas. DAS can also be used for V2X positioning if a vehicle or an anchor node is equipped with DAS. In addition to the positioning performance enhancement, the condition of the number of anchor nodes required and the associated synchronization between these multiple anchor nodes is relaxed with the DAS mounted on a vehicle for positioning. 5GAA WG2 has an ongoing WI on DAS and its performance, further details on DAS design and implementation will be covered in this WI.
5) Cooperativeness
    In an operation scenario where the positioning of each individual vehicle is not sufficiently accurate due to e.g. GNSS signal distortion by atmospheric condition/buildings or lack of anchor nodes, a cooperative positioning based on position-related information, e.g.,  RAT independent and RAT dependent positioning values (if available), sharing among vehicles can be further taken into account for positioning.
2. Actions:
To [Recipient]: 3GPP TSG RAN
ACTION: 	5GAA kindly asks 3GPP TSG RAN to take the information above into account.
3. Date of Next 5GAA Meetings:
	5GAA meeting
	April 26 – May 3, 2021
	Virtual

	5GAA meeting
	July 26 – July 30, 2021
	Virtual



Annex
Below list supplies the names of use cases from 5GAA TRs I & II that belong to the different position requirement groups. Detailed use case descriptions and Service Level Requirements (SLRs) are available in the respective 5GAA documents.
Group 1) Lax positioning requirement:
· Traffic Jam Warning - Urban Scenario on Road Warning
· Traffic Jam Warning - Rural Scenario on Road Warning
· Traffic Jam Warning - Highway Scenario on Road Warning
· Rural Scenario on Route Information
· Highway Scenario on Route Information
· Software Update - Conventional-Routine/Urgent, Autonomous-Routine
· Software Update - Autonomous-Urgent	
· Software Update - Without Infrastructure, Vehicle to Workshop	
· Remote Automated Driving Cancellation	
· HD Content Delivery - High-End Service for cars	
· HD Content Delivery - Low-End Service for cars	
· HD Content Delivery – Bus Passenger Service
· Software Update of Reconfigurable Radio System
· Patient Transport Monitoring	
· Automated Valet Parking (Wake Up)	
Group 2) Lane level positioning requirement: 
· Cross-Traffic Left-Turn Assist
· Intersection Movement Assist
· Emergency Break Warning
· Lane Change Warning - lagging vehicle, leading vehicle, Highway 
· Lane Change Warning - lagging vehicle, leading vehicle, urban	
· Lane Change Warning - not permitted case, rural
· Vehicle Health Monitoring
· Speed Harmonization 
· See-Through for Pass Maneuver
· Obstructed View Assist via CCTV
· Obstructed View Assist via Remote Vehicles
· Continuous Traffic Flow via Green Lights Coordination
· Vehicle collects hazard and road event for AV
· Vehicles Platooning in Steady State
· Cooperative Lane Merge
· Autonomous Vehicle Disengagement Report
· Accident Report
· Awareness Confirmation
· Coordinated, Cooperative Driving Manoeuvre - Cooperative Lane Change
· Coordinated, Cooperative Driving Manoeuvre - Road Blockage
· Bus Lane Sharing Request
· Bus Lane Sharing Revocation
· Vehicle Decision Assist - RV Waiting for a Short Period of Time, RV Broken Down, Bus Having to Wait
· Vehicle Decision Assist - Slow Vehicle en Route
Group3) Below meter positioning requirement:
· High Definition Sensor Sharing
· Vulnerable Road User - Awareness near potentially dangerous situations	Urban
· Vulnerable Road User - Collision risk warning
· Real-Time Situational Awareness & High-Definition Maps
· Group Start
· Tele-Operated Driving (TOD)
· TOD support
· TOD for Automated Parking
· Cooperative Manoeuvres of Autonomous Vehicles for Emergency Situations
· High definition map collecting & sharing
· Automated Intersection crossing
· Infrastructure Assisted Environment Perception - Data Distribution about Objects on the Road  
· Infrastructure Assisted Environment Perception - Individual Data Transmission in Form of Trajectories or Actuation Commands)	
· Infrastructure based Tele-Operated Driving
· Automated Valet Parking – Joint Authentication and Proof of Localisation
· Coordinated, Cooperative Driving Manoeuvre - Pedestrian Crossing
· Cooperative Traffic gap
· Cooperative Lateral Parking
· Cooperative Curbside Management
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