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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, we discuss the issues related to the UE location verification in NTN.
2. Discussions
In RAN #98-e meeting, objectives for network verified UE location have been discussed and updated as summarized in [1] according to the study performed in RAN1[2]. 
	4.1.3	Network verified UE location
Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.
Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature


In this contribution, we provide our views on RAT dependent positioning in NTN, including following aspects:
· Methods to be specified for RAT dependent positioning in NTN,
· Potential specification impacts of supporting Multi-RTT in NTN.
2.1	NTN positioning methods
In the evaluations of RAT positioning methods performed by companies in RAN1, only single satellite based positioning was assumed, as illustrated in Figure 1. Therefore, the normative work on positioning in NTN in Rel-18 should be based on single satellite.
[bookmark: _GoBack][image: D:\My Documents\Desktop\2.png]
Figure 1. RAT dependent positioning based on single satellite in NTN
There’re 2 methods, i.e. DL-TDOA and Multi-RTT methods, which are identified as candidates to be specified. RAN1 should discuss and determine whether only Multi-RTT method should be specified or both methods should be specified. 
For DL-TDOA method, to support it with single satellite in NTN, there’s one concern from companies on the clock drift issue which is noted in the WID. As is already specified in section 10.1.23.2 of 38.133 v18.0.0, 32Tc (around16ns) is the maximum error for the measurement gap no larger than 160ms, and for measurement gap larger than 160ms, UE will be assumed to be able to adjust the timing since the SSB period is no larger than 160ms. Therefore, there’s no issue of clock drift for DL-TDoA method.
Technically, both methods can work with single satellite in view by UE. However, considering there’s limited TU and limited number of meetings left in RAN1 for Rel-18, we would prefer to have only one method specified. Given the majority would like to treat Multi-RTT method with higher priority as is also agreed in RAN plenary meeting, we would propose to only specify Multi-RTT method for RAT dependent positioning in NTN assuming single satellite in view by UE in NR Rel-18.
Proposal 1:
· Only specify Multi-RTT method for RAT dependent positioning in NTN assuming single satellite in view by UE.
2.2	Potential specification impacts of Multi-RTT method in NTN
For Multi-RTT method, as is known to calculate the RTT in TN, both UE Rx-Tx time difference and gNB Rx-Tx time difference should be measured and reported to LMF. These 2 measurements are independent from each other as the UE Rx-Tx time difference definition is decoupled from SRS transmission and gNB Rx-Tx time difference definition is decoupled from PRS transmission. The value range of gNB/UE Rx-Tx time difference is [-0.5ms, 0.5ms] since a time unit of one subframe, i.e. 1ms, is applied for determining the TX time as is shown in Figure 2, and thereby an RTT calculated in TN is no larger than 1ms.

Figure 2. UE Rx-Tx time difference calculation in TN
For NTN, this mechanism can be reused in principle. However, RTT of NTN is much larger than TN. For example, as provided in table below copied from 3GPP TS 38.821, RTT of GEO transparent payload can be up to 541.46ms.
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35786 km
	600 km

	Relative speed of Satellite with respect to earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 10° for feeder link

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 3500 km
	50 km / 1000 km

	Maximum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	541.46 ms (Worst case)
	270.73 ms
	25.77 ms
	12.89 ms

	Minimum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	477.48 ms
	238.74 ms
	8 ms
	4 ms


Therefore, the time unit assumed for TX time determination should be based on the maximum RTT depending on the constellation and payload mode in NTN.
Proposal 2:
· For supporting Multi-RTT method in NTN, reuse TN gNB/UE Rx-Tx time difference calculation methods in principle and assume a time unit based on the maximum RTT of 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 e.g. 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 may have to be configured and the reporting interval should also be configured. In addition, the reporting condition may not have to be cell change for UE location verification. Normally, 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 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 3:
· For supporting Multi-RTT method in NTN, RAN1 to discuss the necessary updates to each measurement report triggering methods in TN.
[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 5km to 10km. This means the timing quality resolution should be further extended to meet the larger range. 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 can be extended to hundreds of meters so that up to 10km quality can be reported.
Proposal 4:
· 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 reported.
In NTN, more factors would affect the timing measurement and thereby the accuracy of the positioning finally calculated. For example, as specified in 38.133 v18.0.0, for each PRS transmission for UE Rx-Tx time difference calculation, the corresponding SRS transmissions that can be used for gNB Rx-Tx time difference for final RTT calculation should be completed within a time window of [-160, 160] ms.
	[38.133]
The requirements in clause 9.9.4 apply for periodic and triggered UE Rx-Tx time difference measurements, provided:
· UE Rx-Tx time difference measurement related side conditions given in clause 10.1.25 are met for a corresponding band. 
· SRS is configured on at least one of the PCell, PSCell and SCell. 
· The UE transmits SRS within [-160, 160] msec of at least one DL PRS resource of each of the TRPs in the assistance data.


During this time window in NTN, other than the TAC received from gNB which may also happen in TN, there could be satellite ephemeris updates and thereby common or UE specific TA offset updates meaning that it’s more probable that different TA values may be applied for each SRS transmissions. 
In another aspect, in NTN same or different polarizations may be applied on the transmitter and receiver side for transmitting and receiving positioning reference signals. The signal quality may be different and thereby the timing quality may also be different.
Therefore, discussions on whether and how to mitigate the timing error may be more necessary in RAT dependent positioning in NTN compared to TN.
Proposal 5:
· For supporting Multi-RTT method in NTN, RAN1 to discuss whether and how to mitigate the uplink timing error.
3. Conclusion
In this contribution, we provide our views on the issues related to RAT dependent positioning in NTN. According to the discussions, we have following observations and proposals: 
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:
· Only specify Multi-RTT method for RAT dependent positioning in NTN assuming single satellite in view by UE.
Proposal 2:
· For supporting Multi-RTT method in NTN, reuse TN gNB/UE Rx-Tx time difference calculation methods in principle and assume a time unit based on the maximum RTT of NTN .
Proposal 3:
· For supporting Multi-RTT method in NTN, RAN1 to discuss the necessary updates to each measurement report triggering methods in TN.
Proposal 4:
· 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 reported.
Proposal 5:
· For supporting Multi-RTT method in NTN, RAN1 to discuss whether and how to mitigate the uplink timing error.
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