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Introduction
Rel.18 work item on Non-Terrestrial Network (NTN) [1] has been started. The scope is as follows. 
· Coverage enhancement
· NR-NTN deployment in above 10 GHz bands 
· Network verified UE location
· NTN-TN and NTN-NTN mobility and service continuity enhancements 
On network verified UE location, the study phase in RAN has been finished and TR 38.882 on the necessity of network verified UE location was created [2]. The following is the scope of study in working groups. 

	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



In this document, we discuss network verified UE location for NR NTN.
Discussion 
It is described in TR 38.882 that relying only on the GNSS based location information reported by the UE is not considered reliable by SA3-LI due to e.g. intentional (e.g. maliciously tampering by user or by 3rd party) or unintentional (e.g. interference) causes. Therefore, network verification of UE location is necessary. For accuracy requirement, it is described that 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). 
On the other hand, in Rel. 17/18 NTN, GNSS based UE location information is used for TA (Timing Advance) mechanism where UE specific TA value is calculated based on UE location and satellite location provided via SIB 19. The TA value used by UE is reported to the network. If the TA value does not have a good accuracy, the communication between UE and gNB itself is not possible. In addition, the time and frequency synchronization accuracy obtained from GNSS should accurate enough to realize the NTN communication itself. 
Proposal 1: Rel.17/18 NTN should assume that reported TA values and the time and frequency synchronization based on GNSS have enough accuracy to realize NTN communication itself.

In addition to existing 3GPP RAT dependent positioning methods as written in TR 38.882, UE location verification based on TA report which is specified in Rel.17 NTN can be considered with the assumption that TA report itself has enough accuracy. 
Proposal 2: 3GPP RAT dependent positioning methods and TA report based method should be studied for UE location verification. 

For 3GPP RAT dependent positioning methods, there are three methods in general, i.e. based on timing difference, received power and angle of arrival. Regarding angle of arrival based method, angle of arrival can be detected using satellite beam direction. However, satellite beam footprint on the Earth would be typically larger than the required positioning accuracy. Therefore, angle of arrival based positioning would not be appropriate for NTN. Regarding the received power based method, because received power difference within a satellite beam is small compared to terrestrial network [3], it would be doubtful if enough accuracy can be realized. 
Proposal 3: For 3GPP RAT dependent positioning, timing difference method should be studied. 

The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority as described in TR 38.882. For LEO, thanks to the satellite movement, the reception timing of signal transmitted from different locations of a single satellite can be utilized for the UE location verification. Multiple TA reports from UE or multiple timing information of received PRS can provide an accurate positioning similar to the multiple gNB’s scenarios in terrestrial network as shown in Figure 1. For GEO, because satellite location is geo-stational, the satellite basically transmits from one point relative to the UE on the Earth at any timing. Some level of verification may be possible, but it would be difficult to identify the UE location from the signal (e.g. PRS) transmitted from one point with high accuracy. 
Proposal 4: For LEO, different transmission timings from single satellite should be considered. 
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(a) Terrestrial network                 (b) NTN with single LEO satellite and multiple timing 
[bookmark: _Ref111017787]Figure 1 positioning with multiple transmission points 

Conclusion 
In this document, we discussed issues on network verification of UE location for NTN and the following are proposed. 
Proposal 1: Rel.17/18 NTN should assume that reported TA values and the time and frequency synchronization based on GNSS have enough accuracy to realize NTN communication itself.
Proposal 2: 3GPP RAT dependent positioning methods and TA report based method should be studied for UE location verification. 
Proposal 3: For 3GPP RAT dependent positioning, timing difference method should be studied. 
Proposal 4: For LEO, different transmission timings from single satellite should be considered. 
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