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1	Introduction
Network verified UE location was studied in RAN1 and recently the following set of conclusions were captured in the FL summary 4 and chairman notes, after RAN1 #111  [1], [2] . 
	Conclusion:
For network verification of UE location in NR NTN with single satellite in view with multi-RTT positioning: 
· From RAN1 perspective, if the UE’s Rx-Tx time difference measurements report can be assumed to be trusted, multi-RTT positioning method using Rx-Tx time difference measurements can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RTT measurements
· Note: the required over-the-air latency reported in evaluations ranged from less than 10s up to 180s

Conclusion
For network verification of UE location in NR NTN with single satellite in view with DL-TDOA positioning: From RAN1 perspective, if the UE’s RSTD measurements report can be assumed to be trusted, DL-TDOA positioning method can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RSTD measurements
Note 1: the above is based on evaluation results that didn’t account for UE Clock drift
Note 2: the required over-the-air latency reported in evaluations ranged from less than 20s up to 180s
Note 3: The requirements of Network verification of UE location may not be met if realistic assumption on UE clock drift is considered.

Conclusion
For network verification of UE location in NR NTN based on multi-RTT using UE RX-TX time difference report, if the UE reports needed to perform multi-RTT can be assumed to be trusted, existing multi-RTT framework may be reused with potential enhancements to adapt it to NTN context. This may include, but not limited to:
· If justified: NTN-specific definition of UE RX-TX time difference, including as an example, potential modifications to UE Rx – Tx time difference to enable network verification of UE location without introducing any additional measurements at the UE (with respect to Rel-17 NTN)
· The following is not precluded: the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX – TUE-TX is directly derived from the timing advance TTA applied by the UE at a given subframe.
· Above does not imply that the relevant work is prioritized.
· Other assistance data (e.g. ephemeris) to be transferred from gNB to the LMF.
· If justified: Other assistance data (e.g. to resolve ambiguity on mirror position issue) to be transferred from UE to LMF
· If justified: Adaptations enabling Rx-TX measurements for Multi-RTT involving multiple cells within the same satellite
For network verification of UE location in NR NTN based on DL-TDOA positioning, if the UE reports needed to perform DL-TDOA positioning can be assumed to be trusted, existing DL-TDOA positioning framework may be reused with potential enhancements to adapt it to NTN context.



In this contribution we present some arguments for not narrowing down the scope too much at the current state, as no approach has shown good performance without issues.
2	Considerations
It is important to read the conclusions of the FL summary [1] in the context of the assumptions and simplifications adopted in the study item phase, to avoid a premature narrowing of the scope of the RAN1 way forward at the current state. 
In this contribution we clarify the concerns of the adoption of the positioning methods provided in the FL Summary as the prioritized solution for RAN1. 
2.1 Considerations on the simplification of assumptions
The first consideration, regarding the limited applicability of the conclusions on the FL Summary regards one of the assumptions described in the observations that led to the conclusion:
	From R1-2210952:
“For network verified UE location based on multi-RTT positioning method using Rx-Tx time difference measurements with single satellite, assuming the ambiguity of the mirror image position is resolved, if the UE reports needed to perform multi-RTT can be assumed to be trusted:”
(…)
“For network verified UE location based on DL-TDOA positioning method with single satellite:
Eight companies commented on the suitability of the method: Assuming the ambiguity of the mirror image position is resolved and if the UE reports needed to perform DL-TDOA can be assumed to be trusted”



The “mirror image problem” was discussed by different companies in several contributions. It is acknowledged that the problem might affect the UE positioning by distances much above the desired resolution of 5-10 km [4][5]. The problem seems to be even more significant when large cells are considered, which is likely to be the case in NTN, as the TR 38.821 has identified that the maximum cell size in NTN deployment may reach up to 1000 km [6].  
Observation 1: The “mirror-image problem” might constitute a vulnerability to the verification of position that can be exploited by a threat actor with capabilities to spoof GNSS signals.
Observation 2: Solving the “mirror-image problem” should not be treated as a pre-condition for NTN verified positioning, but part of the scope of the work
The following part of the assumptions provided in the text box above, regards the trustfulness of  the UE measurements to be reported. As the purpose of network verified positioning is to detect whether the UE is using a wrong position for PLMN selection, while it is accessing the network, it should be assumed that the UE has a correct position, used for access/pre compensation, and an alternative position, used for PLMN selection. In this case, the UE can also calculate alternative timing advance and other measurements which may be needed for network verified positioning.
Observation 3: A UE which can have an alternative position besides the correct location can also have alternative UE measurements besides the correct measurements.
Therefore, the initial assumptions for the multi-RTT method exclude two important aspects: the mirror-image problem and the tampering of UE reports. 
Proposal 1: The framework for network verified positioning must include tools to assess relevant problems such as the mirror-image problem and the trustfulness of UE reporting. 
2.2 Error Modelling
Besides, some of the conclusions in the introduction above bring caveats that should be further treated, such as “Note 3: The requirements of Network verification of UE location may not be met if realistic assumption on UE clock drift is considered.”
For the multi-RTT method, the accuracy requirements of the time-error difference only applies for cases where UL timing advance does not vary between transmissions [7], which tends to not be the case in NTN where the UE is allowed to update its timing advance in an autonomous manner to compensate for the changing conditions on the feeder link and service link. In NTN the error of the measurements tends to increase compared to the legacy analysis. In one of the source documents, the simulated error measurement seems to be superior of the legacy accuracy requirements [8], indicating the impairments caused by NTN scenarios might have further implications on the accuracy of the method. 
Proposal 2: The objectives for the work on Network Verified Positioning must include the modelling of relevant error sources and realistic assumptions for the evaluation of the methods. 
2.3 Considerations on the Reported confidence
The 90% confidence reported, after the simplification of assumptions, represents an average. But this is not an independent or random confidence level that affects all UEs equally. In practice, UEs close to the orbital plane are much more affected by lack of precision, while the average is increased by the UEs in the edge of a large reachability region of the satellite. 
	From [7]
“For multi-RTT method, when UE position approaches the orbit plane, there exists an estimation handicap zone, where the positioning accuracy is remarkably impacted and this issue cannot be resolved by increasing the satellite time instance interval.”
From [8]
“The error in position estimation depends largely on the UE position relative to the satellite”
From [9]
“Depending on the UE position with regard to anchor points used for the positioning. multi-RTT positioning method might not be suitable for UE location verification in case of a single satellite in view”



Proposal 3: The framework for network verified positioning should not preclude discussion of solutions that show better results close to the orbital plane. 
Positioning methods like multi-RTT, DL/UL-TDOA rely on triangulation and require at least 3 reference points. In general, one of the problems with triangulation methods is the geometric dilution of precision, which requires a relative large separation of the measurement points. With the approach of using only a single satellite, the measurement samples that are available will be located on a single line which is described by the satellites path during the fly-over. This reduction of the “space” when limiting to a single satellite monitoring will reduce the general accuracy. On top of this, the current main assumed methods of multi-RTT and DL/UL-TDOA will be solely based on a rough estimation of the round trip time between the UE and the satellite. Such estimation is relying on the propagation delay or round-trip delay being mapped into a distance travelled for the radio signal. Using distance as the general metric for determining the UE’s position within the network will cause the problem of earlier mentioned “mirror images”, where two geographical points or areas will show the same physical timing characteristics when being observed from the satellite’s viewpoint. These two points or areas will be seen as symmetrical around the orbital plane during the fly-over. 

Observation 4: Methods like multi-RTT, UL/DL-TDOA alone cannot distinguish between the mirror positions on either side of the orbital plane and other input is required. 

In order to solve the mirror position issue further measurements are needed and therefore RAN should not narrow the scope too much.
One additional aspect that may need consideration is that the RAN1 evaluations used the accuracy requirement of 10 km, while the description in the associated study report said: “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)” [12]. Given that the accuracy of the positioning verification is a function of time used for collecting information, more stringent location requirements than 10 km would in general require longer time for reaching convergence provided the requirement of a single satellite is maintained.
Observation 5: Observations from RAN1 point of view were only evaluated towards the least stringent requirement (10 km) and if higher requirements are to be met, the needed time for verification process will increase correspondingly.
Proposal 4 Other inputs than multi-RTT and TDOA should not be excluded.
3	Conclusion
The following observations and proposals have been made in this paper:
Observation 1: The “mirror-image problem” might constitute a vulnerability to the verification of position that can be exploited by a threat actor with capabilities to spoof GNSS signals.
Observation 2: Solving the “mirror-image problem” should not be treated as a pre-condition for NTN verified positioning, but part of the scope of the work
Observation 3: A UE which can have an alternative position besides the correct location can also have alternative UE measurements besides the correct measurements.
Proposal 1: The framework for network verified positioning must include tools to assess relevant problems such as the mirror-image problem and the trustfulness of UE reporting. 
Proposal 2: The objectives for the work on Network Verified Positioning must include the modelling of relevant error sources and realistic assumptions for the evaluation of the methods. 
Proposal 3: The framework for network verified positioning should not preclude discussion of solutions that show better results close to the orbital plane. 
Observation 4: Methods like multi-RTT, UL/DL-TDOA alone cannot distinguish between the mirror positions on either side of the orbital plane and other input is required. 

Observation 5: Observations from RAN1 point of view were only evaluated towards the least stringent requirement (10 km) and if higher requirements are to be met, the needed time for verification process will increase correspondingly.
Proposal 4 Other inputs than multi-RTT and TDOA should not be excluded.
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