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Introduction
During RAN#96, the NTN study was agreed upon where one of the objectives of Rel-18 NTN was network verified UE location:
	Network verified UE Location:
[bookmark: _Hlk89953816]Pending on the conclusion of the RAN SI FS_NR_NTN_netw_verif_UE_loc study item, study and evaluate, if needed, solutions for network to verify UE reported location information [RAN2,RAN1,RAN3].

[bookmark: _Hlk86407450][bookmark: _Hlk102684345]RAN is expected to determine by RAN#98 whether the study has identified any need for Network verified UE location specification support in Rel-18.



Thereafter, RAN completed a use case and requirement study [2] where the key recommendation of the study included the following:

	[bookmark: _Hlk115190243]TR 38.882 Recommendation (Study on requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR (Release 18):
In this study, we have identified the need to define a network-based solution which aims at verifying the reported UE location information.
The verification should be performed independently from the location information reported by UE.
The UE location information for the study is considered verified if the reported UE location 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 in order to support all the regulatory services (i.e. emergency call, lawful intercept, public warning, charging/billing).
The solution should not impact significantly the latency of the targeted services nor infringe privacy requirements that apply to the UE location.
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




During the study phase, the focus was to identify positioning methods that can fulfil the 5~10 km accuracy requirements with main focus on single satellite and NGSO based NTN deployment. Time-based methods such as Multi-RTT and DL/UL-TDOA methods were considered as a starting point and were mainly evaluated in RAN1 for LEO-600 and LEO 1200 scenarios. Based on the evaluation results, it was observed that the multi-RTT method can fulfil the verification accuracy requirements for the cases involving single and multiple satellites. However, additional information may be needed by the LMF from NG-RAN node and target UE to implement this RAT-dependent positioning method for NTN deployments. Moreover, the evaluation results are mainly provided for earth fixed cells, whereas the impact of earth moving cells on the accuracy and latency remains an open issue of the study.  One major issue for the multi-RTT method in the NTN context is its latency to compute the final positioning estimate that may have a significant impact on verification process. The positioning estimate latency is also much higher when the target user is in the coverage of single satellite. Additionally the latency for LEO-1200 case is much higher than the LEO-600 case. 

[bookmark: _Hlk120811189]Proposal 1: Multi-RTT is considered as a RAT-dependent positioning method for verification for both single and multiple satellite scenarios during the normative work, where the WID objective may consider the following:
· Specify the necessary enhancements for the multi-RTT framework for NTN at least for earth fixed cells. Note: Strive to re-use the existing Multi-RTT framework in positioning as much as possible. 
· Specify necessary enhancements to counter the impact of high positioning latency, especially for single satellite scenario. 

DL/UL-TDOA methods may also be feasible for NTN as these methods may also satisfy the accuracy requirements for verification. However, in our point of view, these methods may only be feasible for multi-satellite case (when a target UE is in the coverage area of multiple satellites), whereas these methods may not work for single satellite case due to higher clock drift. In the study phase, some companies evaluated the DL-TDOA method with a single satellite, however, they did not include the impact of clock drift, so in our opinion, these results do not capture the true picture for single satellite case. 

[bookmark: _Hlk120811209]Proposal 2: DL/UL-TDOA is considered as a RAT-dependent positioning method for verification only for the multiple satellite scenario during the normative work.

Another issue is the use of TA measurements for the purpose of network verification of UE location in NR NTN. In our point of view, the TA based measurements may not be used for this purpose, as TA measurements are derived from GNSS and may be subject to spoofing. This is also in line with the TR 38.882 that clearly states that the GNSS may be subject to spoofing and position estimates from GNSS may not be considered reliable.

[bookmark: _Hlk120811244]Proposal 3:  The normative work should exclude TA based measurements for the purposes of network verification of a UE location in NR-NTN.

One major technical limitation regarding the accuracy of time-based positioning methods for the single satellite case is the location of UEs within the target NTN cell. If the UEs are located approximately along the satellite orbital plane, they would not fulfil the desired accuracy requirements of 5-10 km due to the technical limitations of triangulation method, where the intersection area of the time measurements would be large. Such UEs would always be deregistered by network for not fulfilling the accuracy requirements for verification, even though these UEs are valid UEs. 

[bookmark: _Hlk120811275]Proposal 4: The normative work considers the geometrical and corresponding accuracy impacts of time-based RAT-dependent methods for single satellite on the UE location verification process.

Finally, the leading WG for the normative work related to the specification of the positioning methods should be RAN1 while RAN2 can handle the associated signalling procedures. Corresponding impacts may also be observed in RAN3. In addition, SA2 impacts are also to be considered regarding the impact of CN network UE location verification procedures on the corresponding RAN1 and RAN2 procedures. In addition, the initial allocated TUs, i.e., 4 for RAN1 and 6 for RAN2 according to [3], should be updated based on the overall finalized agreed objectives taking into account work resulting from coverage enhancements as well as network verified UE location.

[bookmark: _Hlk120811287]Proposal 5: RAN1 to lead the specification work related to the RAT-dependent positioning methods used for verification, with RAN2 and RAN3 as secondary WGs. The NTN normative work objectives should be finalized by also taking into account the agreed TU allocation.

Conclusion
The corresponding proposals are summarized as follows:
Proposal 1: Multi-RTT is considered as a RAT-dependent positioning method for verification for both single and multiple satellite scenarios during the normative work, where the WID objective may consider the following:
· Specify the necessary enhancements for the multi-RTT framework for NTN at least for earth fixed cells. Note: Strive to re-use the existing Multi-RTT framework in positioning as much as possible. 
· Specify necessary enhancements to counter the impact of high positioning latency, especially for single satellite scenario. 

Proposal 2: DL/UL-TDOA is considered as a RAT-dependent positioning method for verification only for the multiple satellite scenario only during the normative work.

Proposal 3:  The normative work should exclude TA based measurements for the purposes of network verification of a UE location in NR-NTN.

Proposal 4: The normative work considers the geometrical and accuracy corresponding impacts of time-based RAT-dependent methods for single satellite on the UE location verification process.

Proposal 5: RAN1 to lead the specification work related to the RAT-dependent positioning methods used for verification, with RAN2 and RAN3 as secondary WGs. The NTN normative work objectives should be finalized by also taking into account the agreed TU allocation.
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