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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, we discuss the remaining issues related to UE location verification in NR NTN as summarized in [1] according to the study in RAN1[2].
2. Discussions
In this section, views on the triggering mechanism of supporting Multi-RTT method are provided for UE location verification in NTN.
In TN Multi-RTT method, UE can be triggered to report the measurements with following 3 options when a location request message is received.
· Option 1: conditionally triggered (cell change),
· Option 2: periodically triggered (multiple reports with an interval configured),
· Option 3: based on the response time configured in the location request message.
For option 1, to support it in NTN, it can be up to LMF to decide when to send a location request message to trigger the measurement report based on the location of the single satellite in view of UE. However, there’s only one report triggered by cell change and only one report can be requested in one cell. Therefore, to support single satellite based positioning, multiple reports and the corresponding reporting intervals should be configured. In addition, the triggering condition may not have to be cell change for UE location verification. Generally, only when UE switches to the cells across borders of countries, the UE location verification is needed. 
For option 2, each request message would trigger multiple reports and multiple reports are apart from each other with a configured reporting interval. This can be reused directly by single satellite based positioning. However, the reporting interval in TN (up to 64s) may have to be extended up to e.g. 1024s considering the potential maximum measurement interval required so that the single satellite is located far enough in different positions.
For option 3, the request message would trigger one report within the response time. Either multiple reports should be configured for NTN for each request message or multiple request messages can be assumed so that multiple reports can be derived when the single satellite is located in different positions. The response time configured for QoS may have to be increased considering the large RTT in NTN.
According to above, all the TN triggering methods can be applied for supporting Multi-RTT method in NTN in principle but some updates are needed considering the single satellite based positioning requirements and the large RTT in NTN. Therefore, we have following observation and proposal.
Observation 1:
· All the TN triggering methods can be applied for supporting Multi-RTT method in NTN in principle but some updates are needed considering the single satellite based positioning requirements and the large RTT in NTN.
Proposal 1:
· For supporting Multi-RTT method in NTN, RAN1 to discuss the necessary updates to each measurement report triggering method in TN, and an LS should be sent to RAN2 based on the discussions.
[bookmark: _Hlk24184832]For Multi-RTT in TN, the UE may be configured to report quality metrics NR-TimingQuality corresponding to the UE Rx-Tx time difference measurements which include the following fields:
· timingQualityValue which provides the best estimate of the uncertainty of the measurement
· timingQualityResolution which specifies the resolution levels used in the timingQualityValue field.
This report can be reused by NTN. However, as agreed in RAN1, the accuracy of UE location verification in NTN is up to 5 ~ 10km. This means the timing quality resolution should be further extended to meet the larger range requirement. The current timing quality value is within [0, 31] and resolution is within [1, 30] meters, which means it supports a timing quality in maximum corresponds to 31x30 meters, i.e., less than 1km. Therefore, the timing quality resolution should be extended to hundreds of meters so that up to 10km quality report can be supported.
Proposal 2:
· For supporting Multi-RTT method in NTN, extend the timing quality resolution up to hundreds of meters so that up to 10km quality can be supported.
[bookmark: _GoBack]To mitigate the RTT estimation error, the impact of UE autonomous adjustment of TA should be taken into account based on the note in the following agreement. However, according to RAN1 agreements made so far, only ta-Common, ta-CommonDrift, ta-CommonDriftVariant, Epoch time would be reported to LMF from gNB. Therefore, UE specific TA offset  based on which the UE pre-compensates the two-way transmission delay on the service link should be also reported associated with the UE Rx-Tx time difference.
Proposal 3:
· For supporting Multi-RTT method in NTN, UE specific TA offset  based on which the UE pre-compensates the two-way transmission delay on the service link should be reported associated with the UE Rx-Tx time difference from UE to LMF.
	Agreement
For network verified UE location in NTN common TA, parameters (ta-Common, ta-CommonDrift, ta-CommonDriftVariant, Epoch time) can be reported from gNB to LMF.
Agreement
For RTT determination in NTN, discuss further the accuracy, and reporting details of combinations of the following UE and gNB receive-transmit time difference measurements:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
      FFS: One or multiple SRS can be used in determining the arrival time
      FFS: Additional enhancement including additional information to be reported, if justified
Note 3: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
Note 4: The gNB Rx-Tx time difference option in the above alternatives may need updates accordingly based on the outcome of discussion on reference point for the gNB Rx – Tx time difference



3. Conclusion
In this contribution, we provide our views on remaining issues to support Multi-RTT positioning for UE location verification in NTN. According to the discussions, we have following observations and proposals: 
Observations 1:
· All the TN triggering methods can be applied for supporting Multi-RTT method in NTN in principle but some updates are needed considering the single satellite based positioning requirements and the large RTT in NTN.
Proposals 1 to 3:
· For supporting Multi-RTT method in NTN, RAN1 to discuss the necessary updates to each measurement report triggering method in TN, and an LS should be sent to RAN2 based on the discussions.
· For supporting Multi-RTT method in NTN, extend the timing quality resolution up to hundreds of meters so that up to 10km quality can be supported.
· For supporting Multi-RTT method in NTN, UE specific TA offset  based on which the UE pre-compensates the two-way transmission delay on the service link should be reported associated with the UE Rx-Tx time difference from UE to LMF.
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