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Introduction
During RAN1#114, all RAN1 objectives were completed including Network-verified UE location [1], which has now entered the maintenance phase. Based on the FL-recommendations from RAN1#114bis, we discuss the following open issues of Network-verified UE location:

· RTT determination and gNB Rx-Tx time difference
· UE and gNB Rx-Tx time difference and Doppler shift
· Timing quality resolution
· Signaling structure for Network-verified UE location
Discussion
RTT determination and gNB Rx-Tx time difference 
The following proposal was made for RAN#114bis, but not agreed. In our opinion, it is not needed.

	Proposal 3: For RTT determination in NTN, supports the legacy gNB Rx-Tx time difference with the following change
· The start of the uplink subframe #i is determined by the received SRS resource that starts within the subframe. 
· Note: 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.


The legacy gNB Rx-Tx time difference is computed based on the relative starting times of subframes, not on the position of the SRS signal relative to the start of the subframe. This is important in the context of NR-NTN, especially if SRS is sent towards the end of a subframe, since the LMF must correctly associate RTT and the assumed satellite positions, i.e., the satellite positions can be very different between the beginning of a subframe and the actual SRS. This understanding is already captured in the current draft of TS 38.215 [2], and we do not see the need to change that. In particular, the note above on how LMF computes the time difference is not needed since it should be up to the implementation. It also appears to be misleading, in that the time difference between transmission of PRS and reception of SRS are usually much larger than the legacy gNB Rx-Tx time difference ever can be.
Observation 1: The current draft of TS 38.215 contains sufficient information to correctly compute gNB Rx-Tx time differences and to associate it with the correct satellite positions.
UE and gNB Rx-Tx time difference and Doppler shift
The following proposal was made for RAN#114bis, but not agreed. In our opinion, it needs further discussion.

	Proposal 4: For UE and gNB Rx-Tx measurements in NTN, the time of the beginning of a subframe is determined by assuming zero Doppler for symbols before the associated DL-RS or SRS for positioning in the subframe



RAN1 has adopted legacy definitions of UE and gNB Rx-Tx time differences for Network-verified UE location in NR-NTN. RAN1 has also detected the problem with these definitions, i.e., the RTT associated with the SRS and PRS signals can be very different, if the PRS and SRS are not carefully scheduled. To not have such scheduling restrictions, the solution is to inform LMF about the DL timing drift on the service link. It is the change rate of the DL timing, in other words, and as such the slope of a linear function. But for a complete linear approximation of the DL timing also an intercept value is needed. In our understanding, the proposal tries to set the intercept to zero for both PRS and SRS signals. It is not clear to us how the intercept can be zero for both PRS and SRS signals.

Proposal 1: For gNB Rx-Tx measurements in NTN, the time of the beginning of a subframe is determined by assuming zero time variance for symbols before the associated SRS for positioning in the subframe.
Timing quality resolution and Multi-RTT
The following proposal was made for RAN#114bis, but not agreed. 

	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: _Hlk24184832]In our view, the benefits of timing quality indication to Network-verified UE location are unclear and not fit for adoption at this stage:

The background is that for Multi-RTT in TN, UE may be configured to report the quality metric NR-TimingQuality corresponding to UE Rx-Tx time difference measurement which include the fields:
· timingQualityValue which provides the best estimate of the measurement uncertainty 
· timingQualityResolution which specifies the resolution levels used in the timingQualityValue field.

Further to the background, the required accuracy of Network-verified UE location in NR NTN is within 10 km. But currently the timing quality resolution cannot support up to 10km quality report. (The current timing quality value is within [0, 31] and resolution is within [1, 30] meters, which means it supports a maximum timing quality of 31x30 meters, i.e., less than 1 km.) An extension would be needed, but the benefits are unclear and not explained. 

Observation 2: Timing quality indication is an unproven optimization technique and a late attempt to add functionality to Network-verified UE location.
Signalling structure for Network-verified UE location
The adopted solution of RAN1 for Network-verified UE location has considerable complexity. Hence, we think it is useful to provide a visual representation of the signal flow between UE, gNB and LMF to clearly identify how parameters are transmitted.
	[image: ]
[bookmark: _Ref149810096]Figure 1: Signal flow between UE, gNB and LMF for Network-verified UE location



Figure 1 is based on the following assumptions. With the exception of “UE Rx-Tx time difference subframe offset“ and “DL timing drift” all parameters are already supported in Rel.17. It has been agreed in RAN1#113 that ephemeris data should be available to LMF. But it has not been agreed whether UE, gNB or a proprietary party (NTN control center, NCC) provides the data. 

Proposal 2: Discuss further whether UE or gNB or a third party (e.g., NCC) provides LMF with ephemeris information to derive the satellite positions at the reception timing of PRS and SRS signals. 

Proposal 3: Provide a visualization of the signal flow for Network-verified UE location in TS 38.300.
Conclusions
Observation 1: The current draft of TS 38.215 contains sufficient information to correctly compute gNB Rx-Tx time differences and to associate it with the correct satellite positions.

Proposal 1: For gNB Rx-Tx measurements in NTN, the time of the beginning of a subframe is determined by assuming zero time variance for symbols before the associated SRS for positioning in the subframe.

Proposal 2: Discuss further whether UE or gNB or a third party (e.g., NCC) provides LMF with ephemeris information to derive the satellite positions at the reception timing of PRS and SRS signals. 

Proposal 3: Provide a visualization of the signal flow for Network-verified UE location in TS 38.300.
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