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RAN plenary has agreed to a Study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases’ [1]. The study has the following first objective for which input needs to be provided during RAN#91e.
1. Identify the positioning use cases and requirements for V2X and public safety, based on the existing 3GPP work and input from industry fora.

In this paper we will provide Qualcomm’s views on the objective.

2 Use Case and Requirements for V2X
As part of the study, RAN plenary had sent LS to SAE and 5GAA asking their views on positioning requirements for V2X applications. The response LSs have been received from SAE [2] and 5GAA [3]. Both LSs indicate that up to sub meter accurate positioning is required for vehicular applications. This has been documented in SA1 requirements [4] as well. More specifically, there are requirements for both accurate absolute and relative positioning.
Observation 1: Vehicular applications require up to sub meter accurate positioning. More specifically, there are requirements for both accurate absolute and relative positioning.
Furthermore, it is observed that it is very challenging to meet such high accuracy requirements in certain important scenarios, such as heavy urban, tunnels and covered parking lots, using current positioning methods. These include GNSS and current cellular positioning methods that may be coverage and/or accuracy limited. The LS response from SAE also notes that on board sensors, such as camera, have known limitations in such scenarios, e.g., limited visibility at night.  
Observation 2: For vehicular applications, it is challenging to achieve such required accuracy for important scenarios such as heavy urban, tunnels, and covered parking lots using GNSS and cellular positioning. This is due to coverage and accuracy limitations. Furthermore, on board sensors have known limitations in such scenarios.
Both LSs identified sidelink based ranging and positioning as a method to address these scenarios. It is recommended that 3GPP specify sidelink ranging and positioning during Release 18.
Observation 3: Sidelink based ranging and positioning is a proposed solution to address such scenarios. It is recommended that 3GPP specify sidelink ranging and positioning during Release 18.
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Figure 1: Example of V2I and V2P sidelink ranging positioning targeting absolute and relative positioning respectively.

Such sidelink based ranging and positioning needs to work out of coverage and without any network involvement. This needs a distributed positioning protocol between UEs to be defined.
Observation 4: Sidelink based ranging and positioning solution should work in out of coverage scenarios without any network involvement. This requires a distributed positioning protocol between UEs to be defined.
We note that for accurate ranging, a wideband ranging signal (e.g., 100 MHz or more) is needed. Such wideband dedicated ITS spectrum is not available in any region of the world. We further note that vehicles have limited number of antennas, so an angle based solution cannot provide highly accuracy. Finally, it’s important that sidelink positioning protocol work with already or planned deployments of V2X. This involves making sure that devices already deployed, or are planned for deployment, do not need to be updated.
Observation 5: For high accuracy ranging, a wideband signal is needed. Such wideband ITS spectrum is not available in any region of the world. 
Observation 6: It’s important that a sidelink based ranging and positioning solution does not disrupt current or planned V2X deployments. More specifically, the design should not force an update of currently deployed or planned for deployment devices.   
One simple solution to address such issues is to define a distributed sidelink ranging & positioning protocol such that coordination messages go over V2X ITS spectrum while sidelink ranging occurs over unlicensed, e.g., UNII3. Ranging over unlicensed spectrum allows for high accuracy ranging and coordination over ITS spectrum allows for high reliability of coordination messages. Furthermore, such a design will not force already deployed or planned for deployment V2X devices do not need to be updated. 
Observation 7: Sidelink based ranging and positioning solution should allow for coordination over ITS spectrum while sidelink ranging occurs over unlicensed spectrum, e.g., UNII3. This will allow for accurate ranging and not disrupt a current or planned V2X deployment.
Given the differences in speed and interest in deployment of V2X in different regions the design should not assume that NR V2X will be available for coordination messages. The design should allow coordination messages to be sent over both LTE V2X and NR V2X. This will allow deployment of sidelink ranging and positioning protocol to independent of NR V2X deployment.
Observation 8: The design should allow for coordination messages for distributed sidelink ranging and positioning protocol to be sent over both LTE V2X and NR V2X. This will allow for deployment of sidelink ranging and positioning protocol to be independent of NR V2X deployment.

Coordination messages over ITS spectrum (LTE V2X or NR V2X)
Sidelink ranging over unlicensed spectrum, e.g. UNII3 


Figure 2: Distributed sidelink ranging & positioning protocol with ranging occur over unlicensed spectrum and coordination messages over ITS spectrum (LTE V2X or NR V2X).

The service requirements for the vehicular applications had been specified in TS 22.186 [4]. These should be used for the study as the performance requirements. Additionally, there are new requirements indicated in the LS from SAE [2] and 5GAA [3]. They should also be considered in the study. 
Observation 9: The service requirements and performance requirements specified in TS 22.186 and LS from SAE and 5GAA should be used as the starting point of the study.

3. Use Case and Requirements for Public Safety 
As described in TS 22.280 [6], an emergency service enables a user to contact a Public Safety Answering Point (PSAP) in order to have accurate positioning for the purpose of locating and offering aid for the purpose of public safety (e.g. first responders). It is generally understood that the level of positioning accuracy (and other KPIs) required is dependent upon local and regional regulatory requirements. 
Such a service should offer citizens within a jurisdiction to be located accurately and promptly in all service areas, including those that could potentially be challenging for some other positioning technologies (e.g. urban canyons, indoors). Within the scope of the network coverage definition in current 3GPP specifications, such a requirement corresponds to be able to locate accurately and promptly in all the following 3 cases: in-coverage, partial coverage, and out-of-coverage scenarios. 
In current NR Rel-16 specifications, and the work being done in the corresponding NR Rel-17 WI on Positioning Enhancements, there is good progress with regards to the in-coverage scenarios, where several cellular based positioning technologies and methods have been developed to address regulatory and commercial requirements across a variety of use-cases and deployments. However, the current progress would not address the Out-Of-Coverage, nor partial-coverage scenarios that are crucial to be considered. 
It should be acknowledged that service requirements related to the Public Safety use case, have long been defined in the corresponding stage 1 specification, e.g. SA1 TS 22.280 and TS 22.261 requirements, which would also apply to the challenging Out-Of-Coverage and Partial-Coverage cases where Sidelink-based Positioning technologies could provide a very useful solution. Such solutions can be also utilized to satisfy the requirements of other commercial use cases, e.g. Personal device/pet tracking, Transportation validation, Smart vehicle keys considered in SA1 Rel-18 studies (TR 22.855 and TR 22.859).
To be more precise, accurately locating a first responder who is injured or incapacitated is one of the main goals of public safety; a  Mission critical services which would require first responders to be located at all times.  Furthermore, the positioning accuracy requirements (and other KPIs) may actually be more stringent than that required by some local and regional regulatory requirements for commercial users. 
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Observation 10: At least the following positioning use-cases are identified for public safety use cases: 
· Positioning Service in all service areas and network coverage (in-coverage, partial-coverage, out-of-coverage), per the network coverage definition in the current specifications.
· A user (e.g., a first responder, medical professional, layman volunteer) should be able to be located at all times during normal and critical operations during both on- and off-network scenarios, such as indoors, basements, or remote outdoors (e.g. wildfires, mountains, canyons)

Different from the vehicular use cases, for the Public Safety use cases, there may be dedicated spectrum set for the support of such positioning services. In that case, the wideband signalling for the ranging can be configured to operate over such licensed bands, depends on regional deployments. 
Observation 11: The wideband signal for accurate ranging and positioning may be configured to operate over a licensed spectrum when applicable. 
Based on the above considerations, and the already defined requirements for Emergency and Mission Critical related use cases in TS 22.261 [5], and TS 22.280 [6]. It is proposed that these requirements should be used as the starting point of the study.
Observation 12: The Positioning Requirements and KPIs for Public safety Use cases appearing in TS 22.280 can be considered as a starting point.

4. Conclusion
It is proposed that the following observations and requirements be captured in the TR 38.845. 

Proposal 1: The study should address the following use cases for vehicular applications:
- sub meter accurate positioning in case of heavy urban, tunnels, and covered parking lots, with or without GNSS and cellular positioning.
- out of coverage scenario when other sensors are not available due to environmental reasons, e.g. weather conditions.

Proposal 2: The study should address the following use cases for public safety applications:
- Positioning Service in all service areas and network coverage (in-coverage, partial-coverage, out-of-coverage), per the network coverage definition in the current specifications.
-A user (e.g., a first responder, medical professional, layman volunteer) should be able to be located at all times during normal and critical operations during both on- and off-network scenarios, such as indoors, basements, or remote outdoors (e.g. wildfires, mountains, canyons)

Proposal 3: Capture the following requirements for the positioning study:
- Support the use of sidelink based ranging and positioning to address the identified use cases.
- Support of a distributed control protocol for accurate sidelink ranging and absolute positioning in out of coverage operation.
- Support of the use of a wideband signal for accurate sidelink ranging operation over unlicensed spectrum or licensed spectrum (when applicable).
- Support of sidelink ranging and positioning control protocol over a different spectrum independent of the wideband signal, e.g. control protocol over LTE V2X or NR V2X, and wideband signal over unlicensed spectrum.   

Proposal 4: Capture the service and performance requirements from TS 22.186 and LS from SAE and 5GAA as the starting point of the study for vehicular use cases, and the requirements from TS 22.280 as the starting point for the public safety use cases.   
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