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1 Introduction

In this contribution, we provide our thoughts on network verified UE location in NTN. 
2 Discussion 
Network verified UE location is listed as one objective in Rel-18 NR NTN enhancement, as a means to meet the regulatory requirements for various services, e.g. Public Warning System (PWS), Lawful interception (LI), Emergency services (EMS), Charging and Tariff notifications. In RAN#96, a RAN-led SI on “requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR” was kicked off and completed with the outcome captured in the TR 38.882 v1.0.0. Regarding the positioning accuracy requirement, it is clarified that the reported UE location is considered verified if it is consistent with the network based assessment to within 5-10 km (similar to terrestrial network macro cell size), enabling country discrimination and selection of an appropriate core network. For working groups to carry out the work, following are recommended in the TR:
	The study in [RAN2,RAN1,RAN3], which will study and evaluate solutions for the network to verify UE reported location information, shall consider the following aspects:

-
The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority.

-
Multiple satellite (or HAPS) in view by the UE may be considered if time allows

-
Assume that the UE is attached to a network (so that its context has been set up in the network) for the purpose of positioning

-
Different solutions or positioning methods for NGSO, GSO or HAPS are not precluded

-
When considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline. Other methods are not precluded.

-
Solutions using existing NG-RAN architecture and procedures shall be considered


So far, 3GPP has defined a few RAT dependent positioning methods for NR, including E-CID, multi-RTT, DL-TDOA, UL-TDOA, DL-AoD, UL-AoA, etc. Among these, some are UE-based and some others are network-based (i.e. LMF-based). As the objective is to verify UE reported location, TR 38.882 has clarified that this should be done via network-based positioning methods. That is, the assistance information could be provided by the UE or by gNB, but the location determination should be done at LMF instead of at UE.
Following is agreed at RAN2#119e.
Agreements:

1. The UE location information is considered verified if the reported GNSS position is consistent with the network based assessment to within 5-10 km (similar to terrestrial network macro cell size) (it is assumed that there is no RAN2 spec impact due to this)

2. RAN2 should consider, as starting point, the re-use of the LCS framework of the LMF network for the network verification procedure. Send an LS to SA2 indicating RAN2 assumption on this

3. The network verification of the UE reported location may combine one or several 3GPP defined RAT dependent positioning methods (e.g. Multi RTT, DL/UL-TDOA, DL-AoA, NR E-CID, etc.).

In TN positioning, multiple TRPs are deployed to transmit PRS and/or to collect UL measurements for DL/UL positioning methods, and no matter which positioning method is used, the ultimate UE location is calculated based on these TRPs’ location information. In NTN, especially for the case of single NGSO satellite, satellite may be considered as the TRP, as the connected gateway/gNB is fixed at ground and single fixed gNB by itself cannot locate the UE. To realize multiple TRPs, we may need to further consider satellite at a given time as a TRP and the TRP’s location is obtained through satellite ephemeris information at that given time. In this way, a moving satellite can be considered as multiple TRPs at different time instance and then apply the existing TN positioning methods.
Proposal 1 Satellite at a given time is considered as a TRP. 
Proposal 2 A moving satellite at multiple time instance is modeled as multiple TRPs.
Proposal 3 TRP’s location is obtained through satellite’s ephemeris information.
To realize multi-point positioning, it would be preferable that those TRPs are physically not co-located or even far from each other to increase the positioning measurement diversity because for nearby TRPs it will make the positioning less accurate even when the number of TRPs is large. Since network is responsible for verifying UE location with certain accuracy requirements in mind, we understand that network should have a control over the positioning measurement time instance for each satellite-based TRP, or the time difference between satellite-based TRPs.
Proposal 4 Positioning measurement time difference between satellite-based TRPs should be under network’s control.
In RAN2#119e post-meeting email discussion #108, there is discussion whether TA report-based positioning method can be used for verifying UE location. In Rel-17 NR NTN, TA is determined using both UE’s GNSS location and NW-provided assistance information. Whether TA report can be trustable for verifying UE location, in our understanding, cannot be decided by RAN2. Instead, we should wait for RAN1 and SA3 to conclude.
Proposal 5 Wait for RAN1 and SA3 to conclude whether TA report can be used for verifying UE location.
Meanwhile, for other positioning methods which do not rely on TA report or UE GNSS location, like DL/UL-TDOA, we think RAN1 and RAN2 should start to work on the enhancement.
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Proposal 1 Satellite at a given time is considered as a TRP. 

Proposal 2 A moving satellite at multiple time instance is modeled as multiple TRPs.

Proposal 3 TRP’s location is obtained through satellite’s ephemeris information.

Proposal 4 Time difference between satellite-based TRPs should be under network’s control.
Proposal 5 Wait for RAN1 and SA3 to conclude whether TA report can be used for verifying UE location.
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