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Introduction
In RAN#95, WI for NR NTN enhancement was updated in [1] including Network verified UE location as following. 
	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.



This paper discusses on verified UE location in RAN1 perspective. 

Discussion

In RAN#95, the following four services were identified for Rel-18 NTN network-verified UE location:
1. Public Warning System (PWS)
2. Lawful Interception (LI)
3. Emergency Services (EMS)
4. Charging and Tariff Notifications 
For items 1, 2 and 3, i.e. PWS, LI, and EMS as well as other services where similar requirements may apply, for security reasons the network shall be able to provide a “reliable” UE location. Any method that relies solely on UE-generated location information is unlikely to be considered reliable for network selection purposes.  Furthermore, a malicious UE might “fake” its selected PLMN in order to attempt connecting to a different core network. Methods such as GNSS/A-GNSS that rely on location information generated by a UE using GNSS device cannot be considered as fully reliable and trusted [2].  Therefore, it is expected that NTN UE location verification be performed by using existing TN UE positioning methods with some slight modifications to adapt to NTN requirements. In [2] however it is mentioned that at least some of the information the UE supplies to the network will have to be considered as trusted, otherwise it would be impossible for the network to reliably verify the location of the UE. 
The accuracy requirements of the location services mentioned above are not as stringent.  However, a NTN has fundamentally different characteristics compared to a TN.  In NTN, there are several factors that may limit performance, such as moving anchor location, single satellite, wider range, higher Doppler shift, etc., and performance achieved in the TN may not be fully reached in NTN for a given positioning technique. To cope with this, network can receive GNSS location and time from the UE and also receive other needed measurements to perform a RAT-dependent positioning method.  It will be up to the network to process such information and take appropriate decision in case of huge discrepancies between the received information. 
Proposal 1:  Study both GNSS/A-GNSS method and RAT-dependent method for network-verified UE location for NR NTN.  

Positioning methods specified in NR Rel-16 and Rel-17 have been designed taking into account the typical propagation and coverage requirements of the terrestrial networks. NT networks, however, have very different characteristics.  In [3] some preliminary survey of different candidate positioning techniques is provided.  Due to the wide beam spot of NTN networks, the accuracy of RAT-dependent angle-based positioning methods (such as AoA or AoD) can be inadequate. In contrast, for NT networks time-based methods (such as DL-TDOA, UL-TDOA, and multi-RTT) would be more reliable and provide better accuracy. 
Moreover, in some NTN scenarios there may be only one satellite available for location measurements.  For example in LEO or MEO satellite networks, due to the fast movement of the satellites, sometimes there will be only a single satellite visible to the UE and measurements from several satellites would not be available to the UE. Therefore, RAT-dependent positioning technique should focus on single satellite since it is the worst case. Adopted positioning technique in case of single satellite should be also applicable to multiple satellite scenarios. 
Proposal 2:  Study RAT-dependent method for network-verified UE location for NR NTN by prioritizing DL-TDOA, UL-TDOA and RTT positioning techniques in single satellite which should be also applicable to multiple satellites.

To achieve a reliable and accurate UE location measurement, it is necessary that the network receive GNSS/A-GNSS location and time information as well as other measurements needed for performing a RAT-dependent positioning technique. For example for DL-TDOA technique, the UE may measure time differences between receptions of PRS transmission (from a single satellite or multiple satellites) and transmit such measurement results to the network.  In the process of the location verification, the network would compare GNSS-based location and location calculated by RAT-dependent positioning techniques. In order for the network to use both methods, both GNSS and RAT-dependent measurements may have time stamps to indicate to the network the time the measurements were performed. Network may also require the UE to explicitly send a time stamp with the location information. 
Proposal 3:  Study enhancements for GNSS-based and RAT-dependent measurement reports from the UE to network, e.g. time stamps associated to measurement reports.
[bookmark: _Hlk74145913]
Conclusions
This contribution discusses for network-verified UE location and proposes the following.

[bookmark: _GoBack]Proposal 1:  Study both GNSS/A-GNSS method and RAT-dependent method for network-verified UE location for NR NTN.  
Proposal 2:  Study RAT-dependent method for network-verified UE location for NR NTN by prioritizing DL-TDOA, UL-TDOA and RTT positioning techniques in single satellite which should be also applicable to multiple satellites.
Proposal 3: Study enhancements for GNSS-based and RAT-dependent measurement reports from the UE to network, e.g. time stamps associated to measurement reports.
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