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Introduction
In RAN1 #114, the following agreement regarding the definition of UE Rx-Tx time difference was 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



In this contribution we will discuss several options for the definition of measurement period in the agreement above. We also discuss the definition for gNB Rx-Tx time difference. 

[bookmark: _Hlk134534364]
[bookmark: _Hlk138934497]UE Rx-Tx time difference measurement period
The following briefly explains how UE Rx-Tx measurement is performed at the UE. gNB is configured by LMF to transmit PRS (or CSI-RS) to the target UE. Moreover, the target UE is configured by LMF to transmit SRS to gNB.  SRS transmission should happen within a range from the reception of PRS by the UE. Typically, SRS transmission should happen for example within +/- 160 ms from the reception of PRS. This is required to avoid any timing drift due to the UE’s clock drift and/or subframe timing shrinkage/expansion due to Doppler as explained above.  The UE then measures the UE Rx-Tx time difference that is defined as TUE-Rx – TUE-Tx  as illustrated in Figure 1.
Where:
TUE-Rx is the UE received timing of downlink subframe #i from a Transmission Point (TP), defined by the first detected path of downlink subframe #i in time.
[bookmark: _Hlk138947302]TUE-Tx is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.



[bookmark: _Ref138943125]Figure 1.  UE Rx-Tx time difference
[bookmark: _Hlk138947405][bookmark: _Hlk138946770]Multiple PRS or CSI-RS for tracking resources, as instructed by the network higher layers or LMF, can be used to determine the start of one subframe of the first arrival path of the TP. The UE then reports the measured UE Rx-Tx to the network higher layers or LMF.  The value of UE Rx-Tx could be either negative or positive. Figure 1 shows the case where the value of UE Rx-Tx is positive.  However, depending on the value of TA applied to the uplink transmission, if uplink subframe #j happens after downlink subframe #i, then the value of UE Rx-Tx would be negative. According to the agreement, in addition to UE Rx-Tx, the UE reports the following information to the network higher layers or LMF: 
1. The actual index difference between subframe j and subframe i.
2. The DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period.

For network or LMF to be able to calculate accurately RTT value in multi-RTT approach, LMF should be able to calculate the actual amount of the time difference between receiving PRS by the UE and transmitting SRS by the same UE.  By inspecting Figure 1, we can see that the time difference between receiving PRS by the UE and transmitting SRS by the same UE consists of the following three components:
1. UE Rx-Tx time difference.
2. Subframe length of 1ms multiplied by the index difference between subframe k and subframe j.
3. TA adjustments because of DL timing drift due to Doppler over the service link.

According to the agreement, the UE reports the DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period. This is done to provide sufficient information to LMF to calculate component 3 above. TS 38.133 [1] has a definition for measurement period for UE Rx-Tx time difference. Depending on the UE configuration and whether it is in idle/inactive or in connected mode measurement period is defined differently.  The final value is calculated in msec.  Both UE and network/LMF will have the same understanding of the measurement period and there is not ambiguity.   

[bookmark: _Hlk141706616]Observation 1: UE and network have the same understanding of the UE Rx-Tx time different measurement period as defined in TS 38.133.


Figure 2. An example for measurement period

The UE observes Doppler shift over the service link and estimates the Doppler. Based on the estimated Doppler, the UE can calculate the average value of the timing drift over the measurement period. The UE then reports this value to LMF.  LMF in turn is able to use the reported value to extrapolate and estimate DL timing drift over any amount of time specifically within +/- 160 ms that the existing specification requires.  
Observation 2: Using the existing definition for the UE Rx-Tx time different measurement period in TS 38.133, LMF is able to estimate DL timing drift for any amount of time window smaller than 160 ms.  
There are other alternatives for the definition of measurement period.  For example we could make a new definition and define the measurement period as the duration between the time that a PRS is arrived at the UE in DL and the time that the UE transmits a SRS in UL.  However, this new definition would be inefficient since it is going to couple PRS and SRS together and the UE has to report a separate timing drift for each pair of PRS-SRS, which will be inefficient.   
Observation 3: Making new definition for measurement period is unnecessary and inefficient.  
Based on the above observations, we make the following proposal:
Proposal 1: Use the existing definition for the UE Rx-Tx time different measurement period in TS 38.133.
 
Definition of gNB Rx-Tx time difference
The following briefly explains how gNB Rx-Tx measurement is performed at a gNB. As explained above, gNB is configured by LMF to transmit PRS (or CSI-RS) to the target UE. The target UE is also configured by LMF to transmit SRS to gNB. The gNB Rx-Tx time difference is defined as TgNB-Rx – TgNB-Tx as shown in Figure 3.
Where:
· TgNB-Rx is the gNB received timing of uplink subframe #k containing SRS associated with the UE, defined by the first detected path in time.
· TgNB-Tx is the gNB transmit timing of downlink subframe #m that is closest in time to the subframe #k received from the UE.
Multiple SRS resources can be used to determine the start of one subframe containing SRS.


[bookmark: _Ref139008150]Figure 3. gNB Rx-Tx time difference
gNB needs to report  gNB Rx-Tx time difference to LMF. 
It is safe to assume that as long as gNB receives and decodes the SRS, the UE has properly adjusted its UL timing. Therefore, during gNB Rx-Tx time difference measurement, the average length of the received UL subframes by gNB must have been 1 ms.  From gNB viewpoint the length of transmitted DL subframes are always 1 ms. Having assumed that, gNB can measure gNB Rx-Tx time difference exactly the same way as the legacy approach as it is defined in TS 38.215.
[bookmark: _Hlk134544521][bookmark: _Hlk74145913]Proposal 2: For gNB Rx-Tx time difference in NTN, gNB reports the gNB Rx-Tx time difference as it is defined in TS 38.215.

Conclusion 
In this contribution we discussed the definition of measurement period for UE Rx-Tx time difference. We made the following observations and proposal, accordingly: 
Observation 1: UE and network have the same understanding of the UE Rx-Tx time different measurement period as defined in TS 38.133.
Observation 2: Using the existing definition for the UE Rx-Tx time different measurement period in TS 38.133, LMF is able to estimate DL timing drift for any amount of time window smaller than 160 ms.
Observation 3: Making new definition for measurement period is unnecessary and inefficient.  
Proposal 1: Use the existing definition for the UE Rx-Tx time different measurement period in TS 38.133.
We also discussed the definition for gNB Rx-Tx time difference and made the following proposal:
Proposal 2: For gNB Rx-Tx time difference in NTN, gNB reports the gNB Rx-Tx time difference as it is defined in TS 38.215.
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