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Introduction
[bookmark: _Hlk127365817][bookmark: _Hlk110772949]In RAN#98e [1], the objective of Rel-18 work item on NR NTN enhancements for network verified UE location was agreed as following:
	[bookmark: _Hlk131535836]Network verified UE location
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



[bookmark: _Hlk134614305]During the RAN2 #121, following was agreed:
	Agreements
1. For network verified UE location, the verification procedure can only be triggered by the CN.
1. Network initiated verification procedure can be triggered by the NW when the UE is in RRC Connected. FFS whether the NTN UE can perform/report measurements also when in Inactive state.
1. RAN2 will not specify an AS mechanism to prevent UEs not supporting the required RAT dependent positioning methods to access the network.
1. RAN2 assumes that, as a baseline, legacy signalling procedure of location service can be reused for the purpose of network verified UE location in NTN.
1. RAN2 assumes that in general the mirror point issue can be resolved by properly configuring neighbor cell measurement to UE, for example, measurement of two neighbor cells in the opposite side of a satellite beam. FFS if there are any cases that require anything in the specs.



During the RAN2 #121e, following was agreed:
	Agreements
1. NTN UE doesn’t support positioning measurement and report in RRC INACTIVE.



During the RAN2 #122, following was agreed:
	Agreements
1. In order to resolve the mirror point ambiguity issue, the network relies on the legacy signaling and procedure to configure NTN UE to measure and report neighbor cells or reference signals/beams. No spec changes to radio interface are needed from RAN2 perspective. Unclear if changes are needed to other interfaces, NRPPa protocol (RAN2 will no longer discuss this)
Working Assumption: 
1. A Rel-18 UE capability is needed for indicating whether UE supports the feature of network verified UE location in NR NTN network 



This contribution provides a discussion into the different aspects for consideration in relation to the support of network verified UE location for NTN deployments.
Network-based positioning in NTN 
[bookmark: _Hlk131535027]The UE location verification can be initiated by network using NI-LR procedures assisted by any 3GPP supported positioning method, and in Rel-18 NTN the network-based positioning methods (e.g., OTDOA, (NR) E-CID, Multi-RTT, UL-TDOA and UL-AoA) are considered for UE location verification.
The first challenge in NTN comes from using a single TRP (i.e., satellite) for network-based positioning measurements. In legacy TN with multiple available TRPs for network-based positioning, gNB can simply configure a positioning measurement gap/window/resource to have measurements for multiple TRPs at one time. However, in the case using a single satellite for network-based positioning measurement in NTN, a positioning operation needs to be performed for a single TRP at least twice at different times, and the time interval between two measurements needs to be large enough to fulfil a certain accuracy requirement, which also prolongs the duration of completing the entire positioning operation. As a result, the gNB that the TRP belongs to, also as the leading role of scheduling UE the measurements, needs to be aware of information regarding the time interval to appropriately configure at least two positioning measurement gaps/windows/resources for positioning signals transmission and reception.
[bookmark: _Hlk131535979]Observation 1: For network-based positioning measurements performed for a single TRP (satellite) at different times, gNB needs the information of the time interval between two measurements to appropriately configure at least two positioning measurement gaps/windows/resources for positioning signals transmission and reception.
In NTN UE needs to calculate the timing advance and pre-compensate it for uplink synchronization. The timing advance is calculated based on UE and satellite location and therefore UE needs to ensure both a valid UE location result and a valid ephemeris data. In Rel-17 NTN it has been specified that if UE do not have a valid UE location result or a valid ephemeris data, UE needs to enter IDLE state and re-acquire UE location (e.g., via GNSS) or an ephemeris data (via system information).
The necessity of maintaining a valid UE location result and a valid ephemeris data for uplink synchronization in NTN leads to another availability issue in network-based positioning. That is, between the start and the end of a positioning operation, a valid UE location result and a valid ephemeris data are needed at the UE. The issue could be more serious when the positioning operation is performed by a single TRP at different times instead of multiple TRPs at one time.
Observation 2: To complete a network-based positioning operation for UE location verification in NTN, a valid UE location result and a valid ephemeris data are needed at the UE.
From RAN2 perspective, signalling enhancements to air interface could be needed to support network-based positioning measurements in NTN, e.g., to reduce the latency of multiple measurements or to guarantee uplink synchronization during measurements.
Proposal 1: RAN2 to study necessary signalling enhancements to support network-based positioning measurements 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: _Hlk131536993]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: _Hlk127290665]Geometrical limitations of time based methods
During the study phase in RAN1 [2], 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 3: RAN2 to 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 [1], 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 4: RAN2 to clarify the positioning methods that are to be used for multiple satellite case.
Conclusion
The following observations are summarized in relation to NTN network verified UE location:
Observation 1: For network-based positioning measurements performed for a single TRP (satellite) at different times, gNB needs the information of the time interval between two measurements to appropriately configure at least two positioning measurement gaps/windows/resources for positioning signals transmission and reception.
Observation 2: To complete a network-based positioning operation for UE location verification in NTN, a valid UE location result and a valid ephemeris data are needed at the UE.
The proposals are summarized as follows:
Proposal 1: RAN2 to study necessary signalling enhancements to support network-based positioning measurements 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: RAN2 to 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 4: RAN2 to clarify the positioning methods that are to be used for multiple satellite case.
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