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1.	Introduction
We provide our analysis of the impact of Doppler shift variation rate over slots between PRS and SRS.
2. 	Discussion
RTT can be measured by UE reporting the RX-TX time difference between a DL reference signal and an UL reference signal as shown in Figure 1. In Figure 1(a), UE sends an SRS after receiving the DL RS from the network and reports the time difference between the DL RS and the SRS. In such case, an RTT measurement, RTT_m is calculated as  T2-T1.    In Figure 1 (b), the SRS is sent before a DL RS and the time difference between the SRS and the DL RS is reported. In such case, RTT_m is calculated as T1-T2.




Fig 1. RTT measurement based on RX-TX time differences at UE and gNB

The above mechanism is used in TN and can also be used in NTN where satellites are moving. Implementation of the above mechanism, however, could be different due to the following differences between TN and NTN with LEO satellites:
· Subframe duration at UE is constant in TN but time varying in NTN with LEO satellites. In NTN, the duration of a received DL subframe for 15 KHz SCS can be up to 50 ns longer or shorter than 1 ms and the duration of a UL subframe can also be up to 50 ns longer or shorter than 1 ms. When the DL subframe duration is longer than 1 ms the UL subframe duration will be shorter than 1 ms. Note that the maximal and the minimal subframe duration above assumes 0 degree elevation angle for the satellite seen by both UE and gateway. 
· In TN, UE TA tends to be constant without network TA commands and UE autonomous TA adjustment. The latter in TN is not expected to happen frequently. In NTN with LEO satellites, UE TA can vary up to 100 ns from one subframe to the next. 


Unlike in TN where the gNBs are assumed stationary, the high-speed movement of the satellite is exploited to find or verify the UE location, which is basically a so-called single-satellite multi-RTT scheme for NGSO. As such, an RTT measurement in NTN needs to be accurately time stamped. Depending on the elevation angle, the difference between the two RTTs at 1ms apart can be up to 100 ns.
As far as RAN4 requirement is concerned, we believe that the existing requirements on ‘UE Rx-Tx Time Difference’ defined for TN can be mostly reused, in terms of measurement period, accuracy, side condition (PRS SNR), etc., with some updates to incorporate NTN specific aspects, e.g. RRC state, a new definition/range of ‘UE Rx-Tx time difference,’ autonomous adjustment, etc. as appropriate.
One distinct difference between TN and NTN on the positioning scheme of ‘UE Rx-Rx Time Difference’ is the additional report of ‘DL timing drift due to Satellite movement over the service link.’ There were questions on whether and how to define UE requirements on ‘DL timing drift.’ We provide an analysis of the impact of Doppler shift variation rate over slots between PRS and SRS to answer the questions.
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Fig 2. Diagram of NTN RTT calculation at LMF based on the reported RX-TX time differences

The below is an example of RTT calculation at LMF based on the reported RX-TX time differences.
· DL slot duration at UE for a given DL doppler (D in ppm) is calculated as:
·  Tsu(i) = Tsa(i)*(1e6 - D)/1e6 where Tsa(i) is the duration of DL slot i at satellite, which can be calculated using common TA parameter.
· TA of slot j is calculated as:
· TA(j) = (j - i)*Tsu(i) + TUE_RX-TX
· TA of slot (j + m) is calculated as:
· TA(j + m) = TA(j) + 2*m*(Tsu(i) - TS) where Ts is the nominal slot duration
· RTT(t)  = TA(j + m) + TgNB_RX-TX(j + m) with t being the time of the middle of DL slot j+m and UL slot j+m at ULSRP

The accuracy of the above calculation depends on UE and gNB RX-TX measurements and
· The accuracy of DL Doppler
· The variation rate of the DL Doppler and the second-order common TA drifting rate (Doppler of the feeder link) and the difference between SRS slot number j+m and PRS slot number i.
The error due to DL Doppler error, De, can be ((j - i)*De/1e6 + 2*m*De/1e6)*Ts, which is smaller than 2*(j + m - i)*De/1e6*Ts. Assuming j + m – i < 200 and Ts=1ms, to ensure 100ns error due to Doppler inaccuracy, De < 0.25ppm. The maximal Doppler variation rate occurs at the elevation angle of 90 degree and is equal to 0.068ppm/200ms. Thus, the impact of Doppler variation within 200ms is much smaller than the Doppler measurement error of 0.25 ppm. And the required DL Doppler accuracy, De, is more than 0.1ppm (which is UE UL transmit frequency accuracy). Therefore, no special UE requirement on DL timing drift measurement/calculation needs to be defined as long as j + m – I < 200 is satisfied (e.g., 160ms PRS periodicity with RTT 40ms).

Proposal 1: No UE requirement on DL timing drift measurement/calculation is needed.
3.	Conclusion
In this paper we proposed the following.
Proposal 1: No UE requirement on DL timing drift measurement/calculation is needed.
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