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1Introduction
In the Rel-18 NR NTN WID [1]:
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]4.1.3	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.



From the RAN level study phase, the use case and requirements are discussed, and some recommendations are provided in the TR 38.882 [2].
	[bookmark: _Toc105678674]5	Recommendations
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:
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]-	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.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]-	Solutions using existing NG-RAN architecture and procedures shall be considered



In this contribution, we will analyse the architecture aspects on supporting of UE location verification for NR NTN in Rel-18. Base on the discussion, we will provide the observations and proposals accordingly.
2. Discussion
2.1 General
In Rel-17, to satisfy the regulatory requirement, SA3 expected to use the verified UE location info to guarantee the core network selected for the UE is aligned with the country where the UE is physically located. On top of the discussion in Rel-17, the coarse UE location info may be reported to NG-RAN via the Uu interface, and the reported UE location info is used for CGI mapping, TAC mapping, core network selection etc. However, the UE location info is used without any verification in NG-RAN in Rel-17.
Observation 1: UE location reported from UE to NG-RAN is used for Core network selection, CGI mapping, TAC mapping without any verification in Rel-17.
In Rel-17, the UE location reporting mechanism in Uu has not been finalized, which is pending to the detail design of user consent by SA3. This is not in the scope of this WID. 
Observation 2: How to report the UE location information in the Uu interface is pending to the detail design of User Consent in SA3, which will be done in SA3 and RAN2.
In Rel-17, the UE location could be verified or checked by 5GC via LCS service when needed, and SA2 specified some mitigation mechanisms if the wrong core network is selected for the UE. We suppose this also applies in Rel-18.
Observation 3: In Rel-17, 5GC is able to verify or check whether the selected 5GC is correct or not via LCS service. This is also applied for Rel-18.
From the revised WID [1], the objective is to study and evaluate, if needed, solutions for network to verify UE reported location information [RAN2, RAN1, RAN3]. And 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. Therefore, for this stage, we should further study in RAN1~RAN3 solutions for network to verify UE reported location information.
Observation 4: the target of the UE location verification is to verify the UE reported location information in the Uu interface.
[bookmark: _GoBack]The study phase of the WID should not exceed the scope as recommended in the TR 38.882 [2], e.g. 5-10km accuracy is expected for UE location verification, the scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority, solutions using existing NG-RAN architecture and procedures shall be considered.
Proposal 1: RAN WG level study on UE location verification should follow the recommendation of the RAN level study as specified in the TR 38.882. 

2.2 Architecture aspects
As recommended in the TR [2], 
· Solutions using existing NG-RAN architecture and procedures shall be considered. 
Thus, we will further discuss the architecture aspects for UE location verification.
As been specified in TS 38.305, the UE Positioning Overall Architecture applicable to NG-RAN is shown as below:


Figure 5.1-1: UE Positioning Overall Architecture applicable to NG-RAN
To adopt this architecture for NR NTN UE location verification, LMF is also the key function to manage the RAT dependent positioning, UE or AMF could request for the UE location info from LMF as an LCS client, NG-RAN node functions as an LCS client is not supported.
	The case that the NG-RAN node functions as an LCS client is not supported in this version of the specification.


Observation 5: In current LCS architecture, UE or AMF could request for the UE location info from LMF as an LCS client, NG-RAN node functions as an LCS client is not allowed.

To adopt the above architecture for NR NTN transparent payload architecture, it seems TRP(s) should be on the satellite. In case of LEO, TRP is not fixed on earth as in TN, TRP(s) will moving together with the satellite. Therefore, some adaption in NRPPa, e.g. exchange the TRP info may need to be adjusted.
Observation 6: For NR NTN, TRP(s) should be fixed on satellite, not on ground, thus the TRP(s) will moving together with the satellite(s) for LEO case.
Proposal 2: Exchange of TRP info between NG-RAN and LMF may need to be adjusted due to the moving of the TRPs, the details could be left to WI phase.

Following above architecture, we should discuss which network node is responsible for UE location verification, NG-RAN or 5GC? Two potential options:
· Option 1: 5GC does the verification, which requires NG-RAN to provide the received UE location to 5GC, then 5GC use RAT-dependent positioning method(s) to verify the UE reported location.
· Option 2: NG-RAN does the verification, NG-RAN should be allowed to be an LCS client.
For the Option 1, it seems the existing architecture is totally reused, AMF will request for the UE location info via LCS service when received from the NG-RAN, some changes in N2 and 5GC are needed. Furthermore, for this option, it seems a bit duplicated to report the UE location to 5GC and verify the UE location via LCS service (RAT dependent positioning mechanisms), as the coarse UE location info could be obtained via RAT-dependent positioning methods.
For the Option 2, as mentioned in O5, NG-RAN node functions as an LCS client is not allowed in current positioning architecture, some changes may be needed to allow NG-RAN node functions to be an LCS client. We assume there’s no security issue if only the coarse UE location will be provided from LMF to NG-RAN client.
Proposal 3: RAN3 should discuss and decide which node is responsible for UE location verification, NG-RAN or 5GC.

2.3 Verification methods
As recommended in the TR [2], 
· When considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline. Other methods are not precluded.
· Different solutions or positioning methods for NGSO, GSO or HAPS are not precluded
· 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
For GEO, the satellites, their coverage are stable on the surface of the earth, looks very like the TN case. For multiple GEO case, the existing RAT-dependent positioning methods could be reused well. But for single GEO case, it’s not easy to achieve 5~10km accuracy for RAT dependent positioning methods. Whether possible and how to satisfy the verification requirement for GEO with single satellite case need to be further studied and evaluated in RAN1.
Observation 7: For GEO with multiple satellites, existing RAT-dependent positioning mechanism could be reused well; while for GEO with single satellite case, whether possible and how to satisfy the verification requirement need to be further studied.

For LEO, satellites moving fast, if we consider leveraging the single satellite to support RAT-dependent positioning, there’s only one satellite (TRP) to do corresponding Tx and Rx with the UE. The RAT-dependent positioning methods should be based on the measurement between UE and the satellite at a few (e.g. 3 to 4) different time points. The LEO at different time has different location, which could be taken as different TRPs in the existing positioning methods. 
In the following figure, the dotted lines with different colors illustrate different RTTs between UE and LEO at different time, i.e., T0~T3, the LMF could calculate the UE location based on the TDOA.


Figure 1. Single LEO positioning, no handover

As above, the single LEO positioning may take a few seconds, or tens of seconds. During the positioning procedure, the UE may handover between the cells, between the satellites.


Figure 2. Single LEO positioning, UE handover between satellites
For current RAT-dependent positioning methods, the positioning procedure will not be continued during handover. As shown in the figure above, whether and how to support the positioning procedure during handover should be discussed.
Proposal 4: For LEO case, whether and how to support the positioning procedure during inter-cell, inter-satellite handover should be further discussed.
For the scenarios, we prefer to prioritize the study for LEO case, and deprioritize the GEO, HAPS cases.
Proposal 5: solutions for LEO case should be prioritized, GEO, HAPS cases could be deprioritized.
As recommended in the TR [2], reusing the existing RAT-dependent positioning methods is preferred. It’s assumed the positioning methods like ECID, UL/DL TDOA, UL/DL AOA could be considered for the verification. However, the details should be evaluated in RAN1 firstly, some simulation seems needed.
Proposal 6: Existing positioning methods, e.g. ECID, UL/DL TDOA, UL/DL AOA, could be considered for UE location verification. The details should be evaluated in RAN1 firstly.
Besides the existing positioning methods, we should consider if any simple method could be taken for UE location verification? If possible, the NG-RAN could calculate the coarse UE location and use it to verify the reported UE location (GNSS info), this could be done by implementation. With this kind of solution, there’s no impact to existing RAT-dependent positioning architecture and methods. However, the details of the implementation based solution could be further studied.
Proposal 7: RAN3 should discuss if implementation based solution in NG-RAN is possible for UE location verification.

2.4 Behaviours on the verification result
In Rel-17, RAN3 discussed and agreed that in case gNB identified that a connected UE is moved across the country by the reported UE location info, it may initiate the inter-AMF handover, or UE context release request towards the 5GC.
In Rel-18, for cross-country cases, to avoid error handling, NG-RAN should not initiate the inter-AMF handover or UE context release immediately before the location is verified.
Observation 8: for cross-country cases, NG-RAN should not initiate the inter-AMF handover or UE context release immediately before the location is verified.
When NG-RAN gets the verification result, and confirmed the reported UE location is reliable:
· UE is not crossed the country boarder, nothing else need to be done.
· UE is crossed the country boarder, NG-RAN initiates inter-AMF handover or UE context release request as Rel-17.
Proposal 8: if the reported UE location is verified as reliable, legacy behaviors could be taken as been specified in Rel-17. 

When NG-RAN gets the verification result, and confirmed the reported UE location is not-reliable:
· UE reported location in country A, network verified UE location is also in country A, do nothing or report to 5GC?
· UE reported location is in country A, network verified UE location is not in country A (e.g. country B):
· Initiates inter-AMF handover or UE context release according to the verification result, just like what we specified in Rel-17. Or,
· Indicate the verification result to the serving AMF, further actions will be triggered by 5GC.
Proposal 9: RAN3 is requested to discuss whether need to indicate the verification result to 5GC for further actions if the reported UE location is verified as not-reliable. 

3. Conclusion
In this contribution, we initially discussed the UE location verification for NR NTN. Based on the discussion, we provided the following observations and proposals:
Observation 1: UE location reported from UE to NG-RAN is used for Core network selection, CGI mapping, TAC mapping without any verification in Rel-17.
Observation 2: How to report the UE location information in the Uu interface is pending to the detail design of User Consent in SA3, which will be done in SA3 and RAN2.
Observation 3: In Rel-17, 5GC is able to verify or check whether the selected 5GC is correct or not via LCS service. This is also applied for Rel-18.
Observation 4: the target of the UE location verification is to verify the UE reported location information in the Uu interface.
Observation 5: In current LCS architecture, UE or AMF could request for the UE location info from LMF as an LCS client, NG-RAN node functions as an LCS client is not allowed.
Observation 6: For NR NTN, TRP(s) should be fixed on satellite, not on ground, thus the TRP(s) will moving together with the satellite(s) for LEO case.
Observation 7: For GEO with multiple satellites, existing RAT-dependent positioning mechanism could be reused well; while for GEO with single satellite case, whether possible and how to satisfy the verification requirement need to be further studied.
Observation 8: for cross-country cases, NG-RAN should not initiate the inter-AMF handover or UE context release immediately before the location is verified.

Proposal 1: RAN WG level study on UE location verification should follow the recommendation of the RAN level study as specified in the TR 38.882. 
Proposal 2: Exchange of TRP info between NG-RAN and LMF may need to be adjusted due to the moving of the TRPs, the details could be left to WI phase.
Proposal 3: RAN3 should discuss and decide which node is responsible for UE location verification, NG-RAN or 5GC.
Proposal 4: For LEO case, whether and how to support the positioning procedure during inter-cell, inter-satellite handover should be further discussed.
Proposal 6: Existing positioning methods, e.g. ECID, UL/DL TDOA, UL/DL AOA, could be considered for UE location verification. The details should be evaluated in RAN1 firstly.
Proposal 7: RAN3 should discuss if implementation based solution in NG-RAN is possible for UE location verification.
Proposal 8: if the reported UE location is verified as reliable, legacy behaviors could be taken as been specified in Rel-17. 
Proposal 9: RAN3 is requested to discuss whether need to indicate the verification result to 5GC for further actions if the reported UE location is verified as not-reliable. 
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