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1 Introduction
In RAN#96e [1], the revised WID on NR NTN enhancements was endorsed. For procedural reasons, the objective on Network verified UE location for NR NTN was moved to a separate SID in [2]. The objective of the study phase is mentioned below:
	· Study detailed regulatory requirements (e.g. accuracy, privacy, reliability, latency) for network-verified UE location for potential use cases/services (i.e. emergency call, lawful intercept, public warning, charging/billing) (at RAN plenary, from RAN#95 to RAN#96).
· Including further clarification on network (*) verified UE location and its relationship to network-based positioning
(*) This refers to Non-Terrestrial Network. However Terrestrial Network assistance information may be used if available



The outcome of the study phase was a new TR 38.882. The following recommendation were made in Section 5 of TR 38.882 [3]:
	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 significantly impact 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
· [bookmark: _Hlk110526138]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
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].
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.



In the following section we discuss some major potential solutions and their relative merits.

2 Discussion
2.1 Multiple RTT solutions for network verified UE location for NR NTN 
Multiple RTT method is illustrated in Figure 1. It requires RTT between UE and a single satellite to be determined at different times. The RTTs could be determined by the UE using its location and the satellite ephemeris to calculate the UE-specific TA at time t0, t1, t2, t3 and reporting these to the network. On the other hand, it could also be determined by gNB and UE together, where serving gNB measures its gNB Rx-Tx time difference from SRS and reports it to LMF  (since UE applies UE pre-compensation before transmitting SRS, the UE-specific TA needs to be also reported for determination of the RTT); and where UE measures and reports its UE Rx-Tx time difference from PRS and reports it to the LMF.  The measured timing difference at eNB and at UE allow the calculation of the RTT at the LMF. 
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Figure 1: Multiple RTT positioning with single satellite

Legacy multi-RTT specification in NR positioning:
In the Multi-RTT positioning method, the UE position is estimated based on measurements performed at both, UE and TRPs. The measurements performed at the UE and TRPs are UE/gNB Rx-Tx time difference measurements (and optionally DL-PRS-RSRP and UL-SRS-RSRP) of DL-PRS and UL-SRS, which are used by an LMF to determine the RTTs. The UE may require measurement gaps to perform the Multi-RTT measurements from NR TRPs. 
Multiple-RTT method can be used in multi-satellite or single satellite for LEO and MEO satellite constellations. It can be used for GEO with some compromise, where the UE location may be verified within a contour delimited by the UE-specific RTT to GEO satellite. 

Multiple RTT method with prediction only:
The multiple-RTT method with UE-specific TA report with single satellite is the simplest method to verify UE location. Its impact on the specification is expected to be as follows:
· [bookmark: _Hlk111046939]RAN2 specified UE-specific TA MAC CE consists of only one field with length 14 bits (+ 2 reserved bits), which contains the UE estimate of full UE-specific TA. The granularity of the UE-specific TA report is 1 ms. It is necessary to discuss finer accuracy, as 1 ms granularity would lead to very large position error for each TA report (1 ms * 3.108 m/s / 2 = 150 km). 
· RAN1/RAN2 should discuss a procedure where the UE is configured to transmit UE-specific TA reports several times for a serving cell over a short period of time of several seconds immediately after moving to connected (as UE can only report GNSS location report after NAS security is established based on SA3 guidance). The time between each report should be carefully configured to allow sufficient accuracy of the verification of the UE position.
The UE can calculate ahead the satellite position using its own GNSS position and satellite ephemeris with an accuracy of a few meters. This method does not rely on measurements and are not sensitive to very low SNR conditions. It is sufficient if the UE can decode SIB19 with the satellite ephemeris. The UE is assumed to have a valid GNSS within 100 meters since this is a condition for the UE transmitting on the UL within the RAN4 requirements on transmit timing error. 

Proposal 1: Support solution with multiple-RTT with prediction based on UE-specific TA report.

Proposal 2: If Proposal 1 is agreed then RAN2 should discuss a procedure where the UE is configured to transmit UE-specific TA reports several times for a serving cell over a short period of time immediately after moving to connected.

2.2 Comparison of network-based UE location verification methods

Applicability to single satellite:

· Multiple RTT with prediction: this method can be used for single satellite at least for LEO and MEO and scaled up to multiple satellite. 

· Multiple RTT with measurements: this method can be used for single satellite at least for LEO and MEO and scaled up to multiple satellite. The UE needs to apply UE-specific TA for SRS transmission. gNB cannot estimate ToA from SRS transmission alone as it has no way of knowing UE-specific TA unless it is reported. If UE reports the UE-specific TA with high accuracy, it is not clear what benefit there is in UE transmitting SRS as the ToA can be determined mainly from the UE-specific TA (in other words the MAC CE TA may be close zero if the UE-specific TA report was sent just before the SRS). 

· OTDOA: This method can be used at least for multiple satellites for LEO and MEO. To our understanding, legacy OTDOA positioning requires a Timing of Arrival (ToA) of a reference serving cell and the ToAs of several cells measured at the UE. The UE keeps synchronized to serving satellite on DL. RAN1 can further discuss applicability of method for single satellite scenario. In particular, how the UE can determine the ToA with only serving cell and how triangulation with several Reference Signal Time Difference (RSTD) measurements based on PRS at different times can be done in core network.

Reliability:
It is unlikely that the UE-specific TA reports for multiple RTT with prediction can be faked in a way consistent with a faked UE GNSS report, a valid a contour on the earth surface defined by the UE-specific TA report, valid RSRP measurements in serving cell and neighbouring cells, and a valid satellite trajectory over a short verification period. 
Likewise, it is unlikely that the UE report of time difference report for multiple RTT with measurements can be faked in a way consistent with a faked UE GNSS report and a valid satellite trajectory over a short verification period. Similarly, the UE report of RSTD measurements for OTDOA is unlikely.
Note that none of the methods above are completely safe from malicious intent and tampering, but any of these methods would make it extremely difficult to fake the GNSS report and also fake other reports in ways that evade the core network verification. 

Summary of network-based UE location verification methods: 
We summarize benefits and drawbacks of each potential solution in Table 1 below:

	Method
	Single satellite
	Multi satellites
	Accuracy

	OTDOA
	No
	Yes
	Low, depends on SNR, PRS measurement duration

	UTDOA
	No, Angle of Arrival cannot be measured with 1 RX at satellite
	Yes, with UE to apply UE-specific TA for SRS, ToA cannot be measured from SRS without UE-specific TA report 
	Low, depends on SNR, SRS measurement duration

	Multiple RTT with prediction - UE-specific TA reports
	Yes
	Yes, with signalling enhancements
	High, does not depend on SNR since prediction can be used

	Multiple RTT with measurements– UE-specific TA report + SRS, PRS
	Yes
	Yes, with signalling enhancements 
	High if used with UE-specific TA report, depends on SNR, PSS/SSS/PRS / SRS measurement duration


Table 1: Summary of network-based UE location position verification methods

3 Conclusion
In this contribution, the following proposals were made as follows
Proposal 1: Support solution with multiple-RTT with prediction based on UE-specific TA report.

Proposal 2: If Proposal 1 is agreed then RAN2 should discuss a procedure where the UE is configured to transmit UE-specific TA reports several times for a serving cell over a short period of time immediately after moving to connected.
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