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Introduction
[bookmark: _Hlk110772949]The Rel-18 NR NTN SID was agreed upon during the RAN#94-e [1] meeting and revised during the RAN#95 meeting, where one of the objectives included the study of solutions for the network verified UE location in NTN networks as indicated by the following:
	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.



Further to the above, RAN completed a use case and requirement study [TR 38.882, 2] where the key recommendation of the study includes 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



Further to the above, following was concluded in RAN#98e for the normative work stage.
	Network verified UE location
[bookmark: _Hlk127366610]Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature



This contribution provides a discussion into the different aspects for consideration in relation to the support of network verified UE location for NTN deployments.
Multi-RTT positioning in NTN 
Multi-RTT positioning is one of the positioning methods that can be used for UE location verification in NTN. It makes use of the UE Rx-Tx time difference measurements of downlink signals received from multiple TRPs and the measured gNB Rx-Tx time difference measurements at multiple TRPs of uplink signals transmitted from UE. The measurements are reported to the LMF to determine the RTT between UE and TRP, and multiple RTTs between UE and TRPs are used to estimate the location of the UE together with TRP locations. To leverage multi-RTT positioning in NTN for UE location verification, RAN1 has discussed and agreed that Multi-RTT positioning is feasible to UE location verification in NTN and listed potential enhancements:
	[bookmark: _Hlk126937221]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 LEO 600 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
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 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


From RAN2 perspective, considering that the Multi-RTT positioning is performed for a single satellite (i.e., TRP) at different time instances with movement along an orbit, signalling enhancements to air interface could be needed to support such measurement pattern or behaviour, e.g., to reduce the latency of multiple measurements or to mitigate the error due to satellite movement.
Observation 1: If Multi-RTT positioning is performed for a single satellite (i.e., TRP) at different time instance in NTN for UE location verification, signalling enhancements to air interface could be needed to minimize the latency and errors.
Proposal 1: RAN2 to study necessary signalling enhancements to support Multi-RTT positioning in NTN for UE location verification.
Based on the conclusion of RAN, the necessary enhancements to Multi-RTT to support the network verified UE location in NTN assuming a single satellite in view are to be prioritized. Since the RAN conclusion does not prioritize or single out cell types, i.e., earth fixed cells or earth moving cells, implying that enhancements are needed for both cell types and are therefore to be prioritized. However, this may not be feasible, given the limited time units left for the normative work as earth moving cells pose more challenges and may require further enhancements than earth fixed cells. For example, in case of earth moving cells, there may be frequent handovers or dwell time may not be sufficient to perform at least two RTT measurements in cell. Therefore, RAN2 may deprioritize the work on earth moving cell and focus on earth fixed cells for the normative work.
[bookmark: _Hlk127378123]Proposal 2: RAN2 to prioritize the specification of necessary enhancements to Multi-RTT to support the network verified UE location in NTN assuming a single satellite in view for earth fixed cells, while earth moving cells are to be considered if time permits.
[bookmark: _Hlk127289418]Mirror Ambiguity Resolution
For time-based positioning methods such as Multi-RTT and DL/UL-TDOA with a single satellite, there would multiple measurements required at different time instances to estimate the UE location. However, the geometric circle/rings formed by the measurements at three time instances would centre along the satellite orbital plane, and eventually that would result in intersection of the rings/circle at two points forming a mirror image of each other. Especially, this mirror ambiguity may always exist for all those UEs that are in the beams/cells underneath the satellite orbital plane, resulting in two location estimates of target UEs.  
Observation 2: The mirror ambiguity would result in two positioning estimates of the target UE.
The mirror ambiguity may be resolved, if it is known to the NG-RAN node or LMF that a UE is located on the left or right side of the satellite orbital plane. This may be estimated by combining measurements from other methods, e.g., using UL angle of arrival measurements along with Multi-RTT measurements. Since the location estimates are to be used for verification purposes based on a network-induced location request (NI-LR), one simplified way forward may be to let AMF decide whether there is any need to resolve the mirror ambiguity or not. For example, AMF may consider a UE position verified, if one or both location estimates fulfil the accuracy threshold. This would reduce the latency as no extra method/procedure need to be employed.
[bookmark: _Hlk127378138]Proposal 3: Send a LS to SA2 to clarify whether mirror ambiguity needs to be resolved by the LMF or location estimates with mirror ambiguity may be sufficient for verification using NI-LR procedures.
[bookmark: _Hlk127290665]Geometrical limitations of time based methods
During the study phase in RAN1, it was observed by multiple companies that UEs that are along/near the orbital plane of the satellite and are only connected through that satellite, the location estimates for those UEs would not be accurate due to geometrical limitations of time-based positioning methods to accurately calculate the location estimates. These UEs would always be rejected even though these UEs may be valid UEs. Since, the satellite is constantly moving along the orbital plane, many UEs may fall under this area of uncertainty/ambiguity. One option may be to make the verification procedure optional for those UEs that are in the coverage of single satellite, or AMF may not deregister a UE, if it is indicated to AMF by LMF that the UE is located under the satellite orbital plane.
Proposal 4: Send a LS to SA1 and SA2 to clarify about the verification procedure for UEs that are located under the orbital plane of a satellite and have a single satellite in view.  
Multi-Satellite positioning methods
It was agreed in RAN#98e to study the enhancements to positioning methods for the case when multiple satellites are in view by the UE, only if time allows. However, it has not been clearly defined as to which methods are to be considered for the multiple satellite case to support network verified UE location. In our point of view, Multi-RTT and DL-TDoA may equally work for multiple satellite case, whereas DL-TDoA may only be considered feasible for the multi-satellite case, since DL-TDoA method may not work for single satellite because of clock drift but it may not be impossible to implement. Moreover, we think that there may be minimal enhancements needed for Multi-RTT or DL-TDoA method to work for multiple satellite case, in addition to what would be specified for single satellite case. Therefore, we suggest to at least clarify the positioning methods that are to be considered for multiple satellite case.
[bookmark: _Hlk127378159]Proposal 5: RAN2 to clarify the positioning methods that are to be used for multiple satellite case.
Conclusion
The following observations are summarized as follows in relation to NTN network verified UE location:
Observation 1: If Multi-RTT positioning is performed for a single satellite (i.e., TRP) at different time instance in NTN for UE location verification, signalling enhancements to air interface could be needed to minimize the latency and errors.
Observation 2: The mirror ambiguity would result in two positioning estimates of the target UE.
The proposals are summarized as follows:
Proposal 1: RAN2 to study necessary signalling enhancements to support Multi-RTT positioning in NTN for UE location verification.
Proposal 2: RAN2 to prioritize the specification of necessary enhancements to Multi-RTT to support the network verified UE location in NTN assuming a single satellite in view for earth fixed cells, while earth moving cells are to be considered if time permits.
Proposal 3: Send a LS to SA2 to clarify whether mirror ambiguity needs to be resolved by the LMF or location estimates with mirror ambiguity may be sufficient for verification using NI-LR procedures.
Proposal 4: Send a LS to SA1 and SA2 to clarify about the verification procedure for UEs that are located under the orbital plane of a satellite and have a single satellite in view.  
Proposal 5: RAN2 to clarify the positioning methods that are to be used for multiple satellite case.
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