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Introduction

In RAN1#114 [1], the following agreements and conclusions were made:
Agreement
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 
· UE reports the actual index difference between subframe j and subframe i 
· The uplink subframe j is closest in time to the DL subframe #i received from the TP 
· The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported

Agreement
Confirm the working assumption with the additional note below:

Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.
Note: This does not imply that the actual gNB receive-transmit time difference measurement is necessarily made at the uplink time synchronization reference point

Conclusion
No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported.

Conclusion
To resolve the mirror positions ambiguity for multi-RTT positioning, the following methods can be used without RAN1 specification impact from RAN1 perspective:
· by gNB or LMF implementation
· existing ECID method
· UL-AoA

Agreement
Ephemeris information for UE location verification, including accurate satellite position and velocity at the time of measurement, should be available at LMF.

 In this contribution, we discuss remaining issues for single-sat RTT based verification of UE location. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Single-Satellite Multiple RTT
It has been agreed to report the DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period. The concerned measurement period of a UE RX-TX time difference report could be understood as the following durations as shown in Figure 1.




Figure 1. Possible definitions of measurement period (T) of UE RX-TX measurement period.

Although the reported timing drift rates based on the above three different definitions will be close, it is preferred to clearly define the measurement period. 

Proposal 1: For DL timing drift report, the measurement period of the UE RX-TX time difference is the duration of the received DL subframe #i.

The range and granularity of the DL timing drift can be determined based on the maximal satellite speed and the required accuracy for UE location verification.  As discussed in [2], existing requirement for UL transmit frequency error (0.1 ppm) is sufficient. To achieve 0.1 ppm UL frequency accuracy, UE should be able to determine DL frequency to a finer accuracy. Hence, the granularity for DL timing drift can be set at 0.025 ppm.  

Proposal 2: The DL timing drift report is in the range [-26.5 ppm, 26.5 ppm] and has a granularity of 0.025 ppm.


Due to satellite movements, arrival time of UL signals with respect to the corresponding DL slot times may change frequently. As a result, a measurement of gNB RX-TX time difference can only be made with respect to one SRS. Hence we have the following proposal.

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.


In the definitions of UE and gNB RX-TX time difference, we have assumed that the measurements are made based on the beginning of a subframe although both SRS and PRS may not start at the beginning of a subframe. The beginning of a subframe that contains an SRS or PRS may not be known due to the code Doppler. For instance, the beginning of a subframe that contains a PRS at the end may differ by up to 50 ns depending on if the UE considers the Doppler in the calculation. For better accuracy, the derivation of the time of the beginning of a subframe based on received PRS and SRS needs to be defined and known to all parties. One way is to derive the beginning of a subframe based on the received signal and assume 0 Doppler as shown in Figure 6.



Figure 2. The actual arrival time of a subframe vs the calculated arrival time assuming 0 Doppler.

[bookmark: _Hlk131597027]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.




Multi-Satellite Cases
 With a LEO constellation with global coverage, a UE will certainly be able to receive from multiple satellites due to the imbalance between UL and DL coverage [3]. Hence, it is desirable to consider UE location verification with multiple satellites to take the advantage of better geometry in triangulation. 
[bookmark: _Hlk127522734]Proposal 5: Support network verification of UE location using multiple satellites with the following assumptions:
· UE is connected to one satellite 
· UE can detect DL RS from multiple satellites
· The involved satellites are synchronized at uplink synchronization reference points


Conclusions
In this contribution, we have discussed enhancements to support single-satellite multi-RTT based network verification of UE location and the advantages of using multiple satellites. Proposals are summarized below.

Proposal 1: For DL timing drift report, the measurement period of the UE RX-TX time difference is the duration of the received DL subframe #i.

Proposal 2: The DL timing drift report is in the range [-26.5 ppm, 26.5 ppm] and has a granularity of 0.025 ppm.

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.


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.

Proposal 5: Support network verification of UE location using multiple satellites with the following assumptions:
· UE is connected to one satellite.
· UE can detect DL RS from multiple satellites.
· The involved satellites are synchronized at uplink synchronization reference points.
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