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Introduction
According to the work item description (WID) for NR NTN enhancements work item [1] study of solutions for network-verified UE location is considered by RAN1 with the following objective.
	[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.


The conclusion from RAN SI FS_NR_NTN_netw_verif_UE_loc study item is captured in [2] with scenarios and use cases agreed for the network-verified UE location study. The recommendations from [2] are copied below.
	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:
-	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.
-	Solutions using existing NG-RAN architecture and procedures shall be considered


 
The following agreement was made at the last RAN1 meeting w.r.t. 3GPP defined RAT dependent positioning methods considered as starting point for the study on Network verified UE location.
	Agreement
The following 3GPP defined RAT dependent positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment:
· Multi-RTT
· DL/UL-TDOA
Note-1: Other methods (e.g. AoA based) are not precluded
Note-2: RAT independent positioning methods are not under the scope of the study


In this contribution, we discuss technical aspects on solutions for network-verified UE location focusing on multi-RTT, DL-TDOA and UL-TDOA positioning methods.
Discussion 
According to the recommendations from [2] the scenario of single satellite in view by the UE at a time is considered with higher priority. Thus, it is assumed that measurements for UE location estimation shall be obtained in different time instances, so the satellite location is changed for each measurement. The UL-TDOA positioning method applied for positioning with the scenario of single satellite in view is illustrated in the following figure.


Figure 1. UL-TDOA for NTN single-satellite case
Considering that autonomous UE pre-compensation of delay and Doppler for UL transmission is supported for the NR NTN, TA value is updated for each SRS transmission autonomously by the UE according to the indicated satellite ephemeris and GNSS information. Thus, it is obvious that enhancements are required to enable support of UL-TDOA positioning method for NTN. One option which can be considered for enhancements is to support TA reporting applied by the UE specifically for each SRS transmission. In that case gNB can measure timing based on SRS and calculate distance to the UE in each SRS time instance considering the TA applied at the UE. Another option would be to fix the TA applied by the UE for all the SRS transmissions which are used for UL-TDOA measurements. Hence, report of single applied TA is sufficient in order to estimate the distance to the UE in that case. 
Proposal 1: 
The following enhancements are considered to enable UL-TDOA for single satellite-based positioning
· Reporting of the TA values applied for each SRS transmission
· Reporting of the TA value applied for the 1st SRS transmission and fixed TA for other SRS transmissions

For DL-TDOA, similar method for distance measurements as for UL-TDOA is applied for single satellite case but with PRS signals instead of SRS (figure 2). In this case RSTD measurements are done at the UE side and reported to the gNB so that gNB can calculate the distance to the UE for each PRS transmission based on the reported RSTD values.


Figure 2. DL-TDOA for NTN single-satellite case

Comparing to the terrestrial networks, where PRS signals are transmitted by different TRPs with configuration of multiple PRS resources, single PRS resource can be used for NTN with single satellite-based positioning with RSTD measurements in different time instances. For example, RSTD can be calculated based on multiple transmissions of single periodic or semi-persistent PRS resource. In this case an initial (first) PRS transmission can be used as a timing reference for RSTD calculation. 
Proposal 2: 
The following enhancement is considered for DL-TDOA for single satellite-based positioning
· Reporting of RSTD values for multiple measurements of single PRS resource (periodic or semi-persistent) with a PRS transmission for the same PRS resource as a time reference
For Multi-RTT positioning method it is assumed that the round-trip time (RTT) is calculated based on both PRS and SRS transmissions with Rx-Tx time difference reporting by the UE. The Multi-RTT positioning method applied for single satellite case is illustrated in the following figure. 


Figure 3. Multi-RTT for NTN single-satellite case

For the Multi-RTT method applied for NTN, in order to avoid positioning errors it should be clarified that autonomous TA applied at the UE shall be considered for Rx-Tx time difference calculation at the UE.   
Proposal 3:
· For Multi-RTT positioning with single satellite, RX-Tx Time difference reported by the UE shall consider the autonomous TA applied by the UE
Conclusion
In this contribution, we have considered technical aspects on solutions for network-verified UE location focusing on multi-RTT, DL-TDOA and UL-TDOA positioning methods. The following proposals are made.
Proposal 1: 
The following enhancements are considered to enable UL-TDOA for single satellite-based positioning
· Reporting of the TA values applied for each SRS transmission
· Reporting of the TA value applied for the 1st SRS transmission and fixed TA for other SRS transmissions
Proposal 2: 
The following enhancement is considered for DL-TDOA for single satellite-based positioning
· Reporting of RSTD values for multiple measurements of single PRS resource (periodic or semi-persistent) with a PRS transmission for the same PRS resource as a time reference
Proposal 3:
· For Multi-RTT positioning with single satellite, RX-Tx Time difference reported by the UE shall consider the autonomous TA applied by the UE
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