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Abstract: This contribution presents some observations and proposals on combining location and ranging services.
1     Introduction

The scope of the new RAN study item “FS_NR_pos_cov: Study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases” [1] includes identifying positioning use cases and requirements for V2X and public safety based on existing 3GPP work, input from industry fora and potential deployment and operational scenarios.

In SA1, a release 18 study item is currently ongoing called “FS_Ranging: Study on Ranging-based Services” [2]. The scope includes studying the use cases and potential service requirements for services utilizing distance and/or direction between two UEs. The study item is close to finalization and has already identified a variety of use cases (see [3] for latest version).  
Several of the use cases identified in the FS_Ranging study are related to public safety and V2X. This includes amongst others:

5.3 Smart Vehicle Key

5.9 Distance based Intelligent Perception for Public Safety

5.13 Power efficient Ranging Operation

5.15 Clustering of devices

5.16 Tracking of devices
Even though the study is aimed at release 18 it can be considered existing 3GPP work. 
[Observation 1: The release 18 TR 22.855 Study on Ranging-based Services can be considered existing work and contains use cases and requirements related to V2X and public safety]
These use cases are relevant to take into account for the RAN study on FS_NR_pos_cov as well. And although not all use cases are related to V2X or public safety, it is still interesting to take notice of the use cases, service requirements and KPI tables in that study. 

[Proposal 1: The RAN study FS_NR_pos_cov should take the relevant use cases, service requirements and KPI tables of TR 22.855 Study on Ranging-based Services into account (either by reference or copying information)]
During discussions in the FS_Ranging study, it became clear that that it was not possible to discuss a link between the ranging service and the location service, due to how the scope was defined, even though many of the use cases could benefit from combining these services.
[Observation 2: Due to scope limitation it was not possible during study on FS_Ranging to discuss the combination of ranging with location services]
Combining ranging and location services could bring several benefits, such as:
· By uploading ranging measurements (i.e. distance and/or angle as measured between UEs) to the location service, the accuracy of the location service can be improved, in particular for network based location estimation, by providing additional input to triangulation and trilateration calculations.

· By using/sharing ranging measurements (i.e. distance and/or angle as measured between UEs) with the location service, whereby some UEs may be out-of-coverage, the location service also can assist in determining the location of out-of-coverage devices.
· By sharing a reference coordinate of a UE (in coverage) to ranging enabled UEs, the ranging enabled UEs can internally create a local coordinate system with the reference coordinate being used as anchor point. 
· By combining motion information of a ranging enabled UE (i.e. UE being stationary or moving with a certain velocity) relative to one or more anchor points with known reference coordinates, accuracy of indoor and/or out-of coverage location and wayfinding can be improved. 
· By identifying its own reference coordinate from a location service, a ranging enabled UE can assist other ranging enabled UEs in proximity to determine their relative coordinates without accessing a location service. Similarly, a particular UE and its (absolute/relative position) could be used as a reference point for geofencing, clustering, vehicle platooning, and other use cases, by having ranging based UEs measure their distance to that particular UE.
· By identifying a cluster of UEs that are in proximity with each other, location services can reduce the complexity of positioning techniques and enable faster and energy-efficient ranging assisted location services and improve positioning accuracy and resolution offered by the location services.
Note that the above list may not be exhaustive. We propose that a section should be added about the benefits of combining the ranging and location service.
[Observation 3: Combining ranging and location services bring several benefits, such as increased accuracy of location estimation, deep indoors and out-of-coverage location estimation, and accurate wayfinding (e.g. using local coordinate system)]
[Proposal 2: Add a section to the FS_NR_pos_cov study (TR 38.845) describing the combination of the ranging service and location service]

2. Potential Requirements
Potential requirements that may be derived from the above mentioned combination of ranging and location services may include the following:
· It shall be possible to report ranging measurements (i.e. distance and/or angle as measured between UEs) to the location service, and use these measurements to improve the accuracy of the location service and for locating out-of-coverage devices.
· It shall be possible to share a reference coordinate of a UE (in coverage) to ranging enabled UEs to allow the ranging enabled UEs to internally create a local coordinate system with the reference coordinate being used as anchor point. 
· The 5G system shall be able to support identifying and tracking of position of the ranging enabled UE relative to a set of stationary UEs in a local coordinate system. 

NOTE: The stationary UE can act as anchor/reference point for a local coordinate system
· It shall be possible for a UE to determine the motion and direction of the UE relative to one or more anchor points with known reference coordinates.

· It shall be possible to share motion information between ranging and location service, to improve the accuracy of indoor and/or out-of coverage location estimation and wayfinding.
· It shall be possible for a ranging enabled UE, if it has identified its own reference coordinate from a location service, to assist other ranging enabled UEs in proximity to determine their relative coordinates without accessing a location service. 
· It shall be possible to use a particular UE and its (absolute/relative position) as a reference point for geofencing, clustering, vehicle platooning, by having ranging based UEs measure their distance to that particular UE.
· It shall be possible to identify a cluster of UEs that are in proximity with each other, to enable faster, more efficient and more accurate ranging assisted location services.

[Proposal 3: Add a set of benefits and/or requirements in the FS_NR_pos_cov study (TR 38.845) related to the combination of location and ranging]

3. Conclusion

In this contribution we have explored the combination of the location service and the ranging service. We have shown the benefits of combining these services, such as improved accuracy, better wayfinding and support for out-of-coverage scenarios. The benefits of combining ranging and location services are important to many use cases across different verticals including V2X and public safety. Below is a list of observations and proposed recommendations:
[Observation 1: The release 18 TR 22.855 Study on Ranging-based Services can be considered existing work and contains use cases and requirements related to V2X and public safety]
[Proposal 1: The RAN study FS_NR_pos_cov should take the relevant use cases, service requirements and KPI tables of TR 22.855 Study on Ranging-based Services into account (either by reference or copying information)]
[Observation 2: Due to scope limitation it was not possible during study on FS_Ranging to discuss the combination of ranging with location services]
[Observation 3: Combining ranging and location services bring several benefits, such as increased accuracy of location estimation, deep indoors and out-of-coverage location estimation and accurate wayfinding (e.g. using local coordinate system)]
[Proposal 2: Add a section to the FS_NR_pos_cov study (TR 38.845) describing the combination of the ranging service and location service]

[Proposal 3: Add a set of benefits and/or requirements in the FS_NR_pos_cov study (TR 38.845) related to the combination of location and ranging]
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