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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
As described in 3GPP TSG RAN WG1#114 meeting, the further information of multi-RTT method in NTN was discussed elaborately and the following agreements and conclusions had been made [1].
	
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



As shown in above, the topics of common TA transferring to LMF and resolving the mirror positions ambiguity for multi-RTT positioning were concluded. An agreement of reporting DL timing drift of service link was achieved at the same time. In this document, following the discussions in last RAN1#114 meeting, the continuous analysis of left issues in Multi-RTT positioning applied in UE location verification in Non-terrestrial Networks will be further discussed.
RTT calculating with timing drift
As concluded in last meeting, the offset of UE Rx-Tx time difference can be expressed as following method.
	· 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 



Different with the NR RAT-dependent Multi-RTT deployment, in NTN scenario, especially in LEO satellite case, the satellites move at high speed, almost 7.6km/s. The dynamic motion caused by high speed makes the DL subframes received by UE to shrink or expand. Therefore, the offset of UE Rx-Tx time difference based on integer subframes is not equal to the integer microseconds. The timing drift of the DL service link should be considered. So the actual value of TUE-offset can be calculated as following:

The n is equal to , which is denoted as the index difference of UL subframe#i and UL subframe#j. The  is the value of DL timing drift. The granularity of n is 1ms due to the length of subframe in above equation. So in order to enhance the accuracy of , the timing drift should be involved in.

Proposal 1: The offset of UE Rx-Tx time difference will be calculated with reported DL timing drift to enhance the accuracy of RTT measurement.

As described in following figure, the illustration of Alt-1 can be shown.



Figure 1 illustration of Alt-1
According to the discussion in last meeting, the RTT between the UE and UTSRP can be calculated by the following equation.

Where
·  is the offset of UE Rx-Tx time difference in NTN based on option1.
·  is the legacy UE Rx-Tx time difference.
·  is the legacy gNB Rx-Tx time difference.
·  is the TA difference between the UL subframe#i and UL subframe#l.
Regarding to the △TA, it is the time difference between two TA, such as TA#i and TA#l shown in the figure. The TA#i is the value of time advance of UL subframe#i. According to the definition of TA in NTN, it means the RTT between the UE and UTSRP. So, for the TA#i, it includes two parts, such as UE specific TA and common TA. The TA#i can be expressed as following.

In the same way, the TA#l can be expressed as.

Assumed that there is no TA adjustment between the UL subframe#i and subframe#l, then the △TA can be calculated as the following method.

Where  is the difference of RTT between the UE and satellite at UL subframe#l and UL subframe#i. In the NTN scenario, when the LEO satellite moves rapidly, the RTT between UE and satellite will be changed obviously even during several subframes. The variation of △RTTUE-Satellite at UL subframe#l and UL subframe#i can be approximately calculated as following.

Where  means the difference of subframes index between UL subframe#l and UL subframe#i, and the unit is microsecond, such as ms.
Where  is the difference of common TA at UL subframe#l and UL subframe#i. When the satellite moves rapidly, the common TA is also changed. According to TS 38.211, in order to calculate the Common TA, the TACommonDrift and TACommonDriftVariation were defined. For simplicity, the △TAcommon can be approximately calculated by following equation.

According to the analysis above, the △TA can be finally expressed as following.


[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK16]Observation 1: The variation of common TA should also be considered in calculating the △TA.

Then the RTT between the UE and UTSRP can be rewritten as following equation.

As shown in above equation, not only the common TA but also the common TA drift and drift variation should be involved in calculating the final RTT. So the parameters of common TA drift and drift variation should be reported to LMF by gNB.

Proposal 2: The common TA drift and drift variation should be reported by gNB to LMF to calculate the RTT between UE and UTSRP based on Alt-1. 

Timing Drift analysis
As concluded in last meeting, in order to enhance the accuracy of the Alt-1 method, the timing drift of DL signal should be reported by UE to LMF.
	· The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported



In this section, the parameter of DL timing drift is analyzed in the aspect of how to get and how to report.
0. Timing Drift obtaining
In the LEO scenario, due to the rapid movement of satellite, the DL signal will be expanded or shrunk at the receiver of UE. In one way, the UE can measure the DL timing drift by monitoring the time difference of multi DL reference signals, such as TRS or PRS, or based on multi SSB measurements. Based on the periodic DL reference signals or SSBs, the DL timing drift can be measured and computed by UE. Then UE reports the DL timing drift to LMF or gNB. On the other way, the DL timing drift can be calculated by UE based on the ephemeris and the GNSS data. According to the assumption of Multi-RTT positioning in NTN, the UE is in the connected model. So in order to maintain the UL timing synchronization, UE pre-compensates the UL time advance based on the calculation of ephemeris and GNSS data. Hence, UE can obtain the UL timing drift by calculating the UE specific TA. For simplicity, the DL timing drift can reuse the UL one. According to the description above, the timing drift can be obtained by measuring or calculating.
[bookmark: _GoBack]Proposal 3: For DL timing drift, it can be obtained by following methods:
· Measured by UE via reference signals or SSBs;
· Calculated by UE based on ephemeris and GNSS.

0. Timing Drift reporting
As agreed in last meeting, the DL timing drift should be reported by UE. So a new parameter for timing drift should be considered in TS 38.215. In order to enhance the timing drift transfer reliability, the timing drift should be not only reported to LMF, but also reported to gNB. When reported To LMF, UE should report the timing drift parameter with the UE Rx-Tx time difference simultaneously. When the timing drift is reported to gNB, a new RRC parameter is needed. For convenience, the UE can report timing drift to gNB periodically or on demanded. 
Proposal 4: The timing drift can also be report to gNB by UE.
As discussed in previous meetings, the timing drift is about 24us/s for LEO 600km satellite in service link. According to legacy standards, the Doppler of feedlink has been compensated by gNB or Gateway station. Thereby, the Doppler in service link between UE and satellite should be only considered in Multi-RTT positioning in NTN. The timing drift can be expressed as the following method.
There are 6 bits for timing drift. The first bit is for negative or positive, and remaining 5bits denote the value of timing drift.
· For granularity 1us/s, the scope of timing drift is [-31us/s, +31us/s].
· For granularity 2us/s, the scope of timing drift is [-62us/s, +62us/s].
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 5: There are 6 bits needed to express the value of timing drift.

Conclusion
In this contribution, the Rx-Tx time difference of Multi-RTT method is discussed further, and a few of observations and proposals are made as follows:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: The variation of common TA should also be considered in calculating the △TA.

Proposal 1: The offset of UE Rx-Tx time difference will be calculated with reported DL timing drift to enhance the accuracy of RTT measurement.
Proposal 2: The common TA drift and drift variation should be reported by gNB to LMF to calculate the RTT between UE and UTSRP based on Alt-1.
Proposal 3: For DL timing drift, it can be obtained by following methods:
· Measured by UE via reference signals or SSBs;
· Calculated by UE based on ephemeris and GNSS.
Proposal 4: The timing drift can also be report to gNB by UE.
Proposal 5: There are 6 bits needed to express the value of timing drift.
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