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Introduction
In RAN#96, it was agreed study phase on network verified UE location for NR NTN in order to support regulatory services (i.e. emergency call, lawful intercept, public warning, charging/billing) until RAN#98. Then, RAN#98 will decide whether to start normative work or not. In this context, WID was revised as [1],
	4.1.3	Network verified UE location

The  RAN SI FS_NR_NTN_netw_verif_UE_loc will determine by RAN#98 whether the study has identified any need for Network verified UE location specification support in Rel-18. Only after this RAN study (FS_NR_NTN_netw_verif_UE_loc) is concluded and if needed:
· -	Evaluate and specify solutions for network to verify UE reported location information [RAN2,RAN1,RAN3]


Also, new TR 38.882 is generated in order to capture the outcome of study on network verified UE location [2]. This contribution discusses and provides our view on network verified UE location for NR NTN. 

Discussions
Requirement for NW verified UE location 
As discussed during Rel-18 workshop and RAN plenary meetings, NW verified UE location is important in case that the reported UE location is erroneous due to some reason, e.g., maliciously tampering by UE or interference. Therefore, NW verified UE location is agreed to study especially for services such as Public Warning System (PWS), Lawful interception (LI), Emergency services (EMS), Charging and Tariff notifications. 
In NR positioning, for the regulatory use cases, the following requirements are considered as a minimum performance targets as in TR 38.855. 
-  Horizontal positioning error <= 50m for 80% of UEs
-	Vertical positioning error <5 m for 80% of UEs	
-	End to end latency and TTFF < 30 seconds
In NW verified UE location for NTN, the requirements may be depending on the above mentioned services. PWS may be realized based on the country regulatory rules, so if NTN cell is overlapped with different countries, the warning information should be delivered to UEs in the country where the UE is located. Therefore, country level granularity seems sufficient. EMS refers to a request for emergency services such as police, fire department, etc. The required level of positioning accuracy is depending on local and regional regulation. LI is a security process that a service provider collects and provides intercepted communications of individuals to law enforcement officials. Since the required positioning accuracy is also depending on the regional regulation, the country level accuracy seems sufficient. Lastly, Charging and Tariff notifications are also related to the regional regulations, as they refer to the charge for the use of particular service. Based on the above discussion, reusing the target accuracy of NR positioning [horizontal 50m, vertical 5m] seems too high. In other words, country-level accuracy (e.g., 1~2 km) seems sufficient for NW verified UE location for NR NTN.  

Proposal #1: Country-level accuracy (e.g., 1~2 km) seems sufficient for NW verified UE location for NR NTN.

Positioning techniques for NR NTN
This subsection discusses positioning techniques for NR TN and NTN. 
· TDOA (Time difference of arrival)
In TDOA, location server provides a UE with PRS transmitted from multiple TRPs. And UE estimates and reports multiple RSTDs which refers to arrival time difference of reference signals transmitted from a TRP and a reference. Then, the location server calculates the UE location based on the intersection of hyperbolas for pairs of TRPs. In this method, accuracy can be improved as BW and # of measurement are increased. However, it is vulnerable to the NLOS environment. 

· AoD (Angle of Departure)
In DL-AoD method, location server provides a UE with PRS transmitted from one or multiple TRP(s). Then, the UE estimates and reports PRS-RSRP for each PRS resource transmitted from one or multiple TRPs. In case of UE-based positioning, location server provides information on spatial beam direction of TRP. This method has a merit of high accuracy for vertical positioning due to using narrow beams and robustness to synchronization error. However, it has limited accuracy of horizontal plane positioning. 

· E-CID (Enhanced Cell ID)
In E-CID method, location server provides a UE with RRM RS (e.g., SSB and CSI-RS) transmitted from serving and neighboring cell(s). And UE estimates and reports SSB-RSRP + SSB index for each physical cell ID. Then, the location of UE is estimated by using physical cell ID, cell portion ID, SSB index and RSRP(s). This method has a merit that location estimation is possible by reusing RRM measurements. However, it has limited positioning accuracy. 

· Multi-RTT (Round trip time)
Multi-RTT utilizes DL PRS and UL SRS for positioning. In this method, location server configures PRS to UE and gNB configures SRS for positioning to UE. And UE estimates and reports UE Rx-Tx time difference measurement for multiple pairs of TRPs, and gNB estimates gNB Rx-Tx time difference measurement for multiple pairs of TRPs. Based on the UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement, the UL and DL propagation delays can be computed. This method has a merit of robustness to synchronization, but it has disadvantage of long latency and difficulty of obtaining many measurements. 

Based on the above discussion, NR positioning techniques such as TDOA, AoD/AoA, E-CID and Multi-RTT could be applied to NR NTN, if NTN can utilize multiple satellites or multiple time instance measurements with a single satellite. Potential enhancement of adopting such techniques in NR NTN can be further studied if needed. 

[bookmark: _GoBack]Proposal #2: NR positioning techniques such as TDOA, AoD/AoA, E-CID and Multi-RTT can be considered as potential solutions for NW verified UE location for NR NTN. 

Conclusion
In this contribution, we discussed on network verified UE location for NR NTN. Based on the above discussion, we have the following proposals. 
Proposal #1: Country-level accuracy (e.g., 1~2 km) seems sufficient for NW verified UE location for NR NTN.
Proposal #2: NR positioning techniques such as TDOA, AoD/AoA, E-CID and Multi-RTT can be considered as potential solutions for NW verified UE location for NR NTN. 
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