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1. Introduction
In the latest RAN #100 meeting, the approved WID [1] states:
	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



Additionally, in the RAN2 119bis-e meeting, it was agreed that:
	1. RAN2 assumes that the network is able to compute possible UE locations independently from the GNSS location reported by UE
2. RAN2 assumes that the UE location verification procedure can be triggered by the CN and it is up to the CN to decide when to trigger the procedure
3. RAN2 should consider in priority the NGSO case with earth moving and earth fixed beams for the definition of the UE location verification procedure
4. Multi-connectivity involving multiple NTN NG-RAN nodes or NTN NG-RAN node and TN NG-RAN node is not part of the Rel-18 study on UE location verification
5. RAN2 assumes that the verification of the consistency (within 5-10 km) between the actual reported UE location with the UE location(s) computed by the network is up to the 5GC. (this doesn’t mean that RAN2 has nothing to do for this WI objective)


Finally, during RAN2#121 it was agreed that:
 1. For network verified UE location, the verification procedure can only be triggered by the CN.

In this paper, we provide our views on these topics.
2. Discussion
[bookmark: _Hlk85194802]2.1 Measurement accuracy and the mirror-image ambiguity
There are two major issues associated with using only one single source of measurement, i.e.when assuming a single satellite in view:
· One single measurement is not sufficient to estimate a UE’s location and multiple measurements need to be done, however these measurements are closely related to each other as they are taken from the same satellite, resulting in a very low accuracy, until the satellite has moved far away from its initial position and can provide more information
· Multiple successive measurements from a single satellite in a simple circular trajectory around the earth are linearly dependant, making a simple mathematical solution impossible to determine, and providing two possible symmetrical solutions: the mirror-image ambiguity
Observation 1: With a single satellite in view, measurements need to be greatly spaced in time to improve accuracy, accumulating fast successive measurements would be wasteful.
Hence, since enough time needs to occur until the satellite has moved significantly from its original position before being able to provide a useful measurement, this may represent a significant portion of its service link time and a new satellite may replace it before the procedure can be completed to an acceptable level of precision.
Observation 2: Multi-RTT over multiple consecutive satellites, with a single satellite in view at any time i.e. after service link switch, may be necessary. 
Furthermore, provided that the replacement satellite does not have the exact same trajectory, this would provide additional positioning accuracy and could solve the mirror-image ambiguity, since the UE could now be properly triangulated. 
Observation 3: Multi-RTT over multiple satellites (i.e. after service link switch) could improve positioning accuracy and solve the mirror point issue. 
Proposal 1: Assuming a single satellite in view at any time, Multi-RTT can occur over multiple satellites (i.e. after service link switch), which would greatly increase positioning accuracy and solve the mirror point issue.

To enable this feature, the UE positioning procedure needs to be maintained during service link switch at the gNB side. In case of feeder link switch however, this would be less straightforward as the procedure and related information would need to be relayed to the new gNB.
Proposal 2: In the context of service link switch with no feeder link switch, network-based positioning is not interrupted. FFS when there is a gNB change, i.e. for feeder link switch.

2.2 The roles of RAN and CN
Following an LS to SA2 after agreeing to reuse the legacy LCS framework for NW-based UE location verification, a reply LS from SA2 states that:
	SA2 has concluded that the following aspects are used as basis for normative work:
-	Verification of UE location provided via satellite access should be performed leveraging the LCS framework at the 5GC.
-	The AMF is the entity in charge of providing the location verification decision, in line with Rel-17 mechanism of UE location verification.
-	The AMF may trigger location service procedures as defined in TS 23.273 to determine the UE location verification decision and optional TAI determination. Location information received at AMF is provided by LMF via the NI-LR procedure. The LMF may decide specific positioning methods to be used for verification based on RAN WG decisions.
-	The AMF may receive assistance information from NWDAF (i.e. analytics containing UE location information) to perform the location verification decision.


It is observed in [3] that the AMF may only verify whether the selected PLMN is correct based on the location information provided by LMF according to the reply LS from SA2. Indeed, given the legacy verification procedure described TS 23.273, it is unclear whether it is the geographical UE location that is being verified or simply its selected PLMN. Hence, the CN (i.e. the LMF) may only be concerned that the PLMN is selected in the correct country, and not a more precise UE location, as is our goal in this WI.
Observation 4: UE location verification may comprise of legacy PLMN verification and UE geographical location verification.

It has been agreed that RAN2 would not consider RAN triggers for UE location verification (only CN). However, we can see that the legacy signalling is designed for a quick reply from RAN, i.e. the actual location verification is either immediate (selected PLMN is provided) or a quick set of measurements is orchestrated by the AMF/LMF to determine a UE’s position.
In the context of NTN, especially with strict constraints such as Multi-RTT with a single satellite in view, this process may take much longer and the legacy procedure may not be applicable. Hence, while the UE location verification is indeed triggered by CN, RAN may need additional autonomy to physically position a UE before replying to the NW, e.g. when a verified location has been achieved.
Proposal 3: After UE location verification procedure is initiated by the CN, RAN2 should consider modifications to how the RAN reports to the CN.
3. Conclusion
In this paper, we make the following observations and proposals:
Observation 1: With a single satellite in view, measurements need to be greatly spaced in time to improve accuracy, accumulating fast successive measurements would be wasteful.
Observation 2: Multi-RTT over multiple consecutive satellites, with a single satellite in view at any time i.e. after service link switch, may be necessary. 
Observation 3: Multi-RTT over multiple satellites (i.e. after service link switch) could improve positioning accuracy and solve the mirror point issue. 
Proposal 1: Assuming a single satellite in view at any time, Multi-RTT can occur over multiple satellites (i.e. after service link switch), which would greatly increase positioning accuracy and solve the mirror point issue.
Proposal 2: In the context of service link switch with no feeder link switch, network-based positioning is not interrupted. FFS when there is a gNB change, i.e. for feeder link switch.
Observation 4: UE location verification may comprise of legacy PLMN verification and UE geographical location verification.
Proposal 3: After UE location verification procedure is initiated by the CN, RAN2 should consider modifications to how the RAN reports to the CN.
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