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Introduction
In RAN1 #112bis-e, the following agreement was made:
	Agreement
For RTT determination in NTN, discuss further the accuracy, and reporting details of combinations of the following UE and gNB receive-transmit time difference measurements:
· [bookmark: _Hlk134539820]Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
· Alt-2: 
· 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
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
      FFS: One or multiple SRS can be used in determining the arrival time
      FFS: Additional enhancement including additional information to be reported, if justified
Note 3: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
Note 4: The gNB Rx-Tx time difference option in the above alternatives may need updates accordingly based on the outcome of discussion on reference point for the gNB Rx – Tx time difference



Also in RAN #100, the following proposal was agreed:
	Proposal 2:
TSG-RAN tasks RAN1 to focus its network verified UE location work on Alt1 for the combination of “UE and gNB receive-transmit time difference measurements”:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
If the work at RAN1 is not completed at RAN#101, the nwk verified UE location will be dropped from RAN1



In this contribution we focus on Alt-1 for the definitions of UE Rx-Tx and gNB Rx-Tx time differences.  We discuss several options for required signaling to support reporting UE Rx-Tx and gNB Rx-TX time differences.  Throughout this document we focus only on the case that a single satellite is in view by the UE.

[bookmark: _Hlk134534364]
[bookmark: _Hlk138934497]UE RX-Tx time difference
In NTN LEO scenario satellite is moving at a very high speed.  For instance in LEO-600, satellite speed is 7.56 km/s.  At such a high speed when satellite gets closer to or away from the UE, DL subframes observed by the UE shrink or expand from the UE’s viewpoint.  This has been shown in Figure 1.  In this figure we assume that the UE located in the LEO-600 satellite orbital plane.  The satellite is in the view of the UE for almost 13 minutes.  As satellite gets closer to the UE, DL subframe duration observed by the UE could be shorter than 1 ms by almost 48 ns.  When satellite passes above the UE, DL subframe duration observed by the UE is almost 1 ms, and finally when satellite gets farther from the UE, DL subframe duration observed by the UE could be longer than 1 ms by almost 48 ns. For more details please refer to our previous contribution in [1].
    

[bookmark: _Ref134432777]Figure 1. Amount of DL subframe shrinkage or expansion as satellite gets closer to or away from the UE in a transparent payload.

On the other hand, regarding UE Rx-Tx time difference, the following briefly explains how UE Rx-Tx measurement is performed at the UE. 
gNB is configured by LMF to transmit PRS 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.  Currently, SRS transmission should happen within +/- 160 ms from the reception of PRS. This is required to avoid any timing drift due to the UE’s clock drift. The UE then measures the UE Rx -Tx time difference that is defined as TUE-Rx – TUE-Tx  as illustrated in Figure 2.
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 2.  UE Rx-Tx
Multiple PRS for tracking resources, as instructed by LMF, can be used to determine the start of one subframe of the first arrival path of the TP.
[bookmark: _Hlk138946770]The UE then reports the measured UE Rx-Tx to 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 negative.  However, depending on the value of TA applied to the uplink transmission, if uplink subframe #j happened before downlink subframe #i, then the value of UE Rx-Tx would be positive. 
[bookmark: _Hlk142321267][bookmark: _Hlk142317344]In TS 38.133 [2] Section 10.1.25.3.1, the details of absolute UE Rx-Tx measurement report mapping is provided.  38.133 provides reporting range for the absolute UE Rx-Tx time difference measurement from -985024Tc to 985024Tc with the resolution step of 2kTc.  k is defined there and takes values between 0 and 5 depending on whether measurement is done in FR1 or FR2. This means that the reported value for the UE Rx-Tx time difference is almost between -0.5 ms and +0.5 ms with different resolution steps.  The calculation of the remaining part of the time difference between receiving PRS and sending SRS by the UE (shown in  Figure 1 as Offset part) is left to the LMF.  If we assume that UL subframe length is exactly 1 ms and there is no autonomous adjustment or TA adjustment because of the TAC, then with the knowledge of subframes #i and #k timestamps LMF is able to calculate the Offset part precisely. (The details of reporting timestamps for Multi-RTT are given in TS 37.355 [3] Section 6.5.12.) 
[bookmark: _Hlk142314368]For NTN, however, the situation is different.  As we mentioned earlier, due to the very high speed of LEO satellite, the UE observes varying length for the DL subframes. Moreover, based on the satellite movement, the UE applies frequent autonomous TA adjustments or receives frequent TA commands from the network.  This is shown in Figure 1.  For this reason, one cannot assume that the knowledge of subframes #i and #k timestamps is enough for LMF to calculate the Offset part accurately. To calculate the Offset part accurately there exist the following alternatives: 
Reduce 160 ms requirement
[bookmark: _Hlk142316208]3GPP Rel-17 requirement for transmitting SRS by the UE requires that the transmission of SRS for UE Rx-Tx measurement should happen within at most +/- 160 ms of receiving DL PRS (or CSI-RS) by the UE.  However, for NTN LEO scenario where satellite moves at high speed, the UE could apply frequent autonomous TA adjustments or receive frequent TA commands from the network during this +/- 160 ms time window. To reduce the likelihood of any TA adjustment we can reduce the length of the window significantly. Lower values in the range of +/- 10 ms to +/- 20 ms are more appropriate for LEO scenario.  Reducing the length of +/- 160 ms time window, however, will impose an unnecessary scheduling restriction on the network for resource allocation of PRS and SRS.  Thus, this alternative does not look very favourable.   
[bookmark: _Hlk142484507]Observation 1: Reducing 160 ms requirement for transmitting SRS to 10 ms or 20 ms will impose unnecessary scheduling constraints on network. 
Report the total value of the Offset part
[bookmark: _Hlk142487787]The second alternative is to report the total value of the Offset part.  In this alternative UE measures the total value of the Offset part with same resolution step as of UE Rx-Tx, i.e. 2kTc (see above).  However, assuming that we keep the       +/- 160 ms requirement, the range of the Offset part should cover +/- 160 ms.  This means that the range of Offset part report should be 320 times as much as the range of the existing UE Rx-Tx report (which is -0.5 ms to +0.5 ms). That is the range of Offset part report should be -320985024Tc to 320985024Tc or -315207680Tc to 315207680Tc. New signaling needs to be defined to report the total value of the Offset part. We consider that this alternative needs a huge range for reporting the total value of the Offset part and it won’t be efficient in terms of signaling overhead.
Observation 2 : Reporting the total value of the Offset part needs the range of -315207680Tc to 315207680Tc  and is not efficient in terms of signaling overhead.

[bookmark: _Hlk138413948]Report TA adjustment values
In the third alternative, the UE can easily report to LMF the total aggregate value of all TA adjustment updates that the UE has applied to TA between receiving PRS in downlink subframe #i (or uplink subframe #j) and transmitting SRS in uplink subframe #k.  The UE adds all autonomous timing adjustment () updates as well as all  adjustment updates.  These values could be positive or negative.  The aggregate value could also be positive or negative.  The UE then reports the aggregate value to LMF.  For example, the UE may report the aggregate value of all timing adjustments, denoted as ,  as shown in (1).
	[bookmark: _Hlk139014426]
	
	[bookmark: _Ref139014378][bookmark: _Ref139014389](1)


[bookmark: _Hlk142487843]New signaling needs to be defined to report the aggregate TA adjustment update value. However, compared to the second alternative above, the range of the aggregate TA adjustment update value is much less than that of the total value of the Offset part.  For instance, if we assume the maximum instantaneous TA adjustment update in 1 ms is 48 ns, as explained above, then in 160 ms the maximum possible amount of all TA adjustment updates will be around 8 us. This means that the range of the aggregate TA adjustment update value will approximately be -15760Tc to 15760Tc, which is much lower than the second alternative.  
Observation 3: Reporting the total aggregate value of all TA adjustment updates needs the range of -15760Tc to 15760Tc and is efficient in terms of signaling overhead. 
[bookmark: _Hlk141706616]Using the discussion above, we make the following proposal for the assistance information to mitigate the 
[bookmark: _Hlk134544628][bookmark: _Hlk134544683][bookmark: _Hlk134796785]Proposal 1: UE reports to LMF the aggregate value of all autonomous TA adjustment udpdates and all TA adjustment updates due to TAC received from the gNB, that the UE has applied between the following: 1) receiving PRS in DL and 2) transmitting SRS in UL. 
In case multiple PRS and multiple SRS resource are assigned to the UE, the UE should report the aggregate value of all autonomous TA adjustment updates and all TA adjustment updates due to TAC for the regions between two neighboring PRS and/or SRS resources.  For example in Figure 3 two PRS and two SRS are assigned to the UE.  In this case UE should report TA adjustment updates for three regions as shown in the figure namely Region 1, Region 2, and Region 3.
Proposal 2: For multiple PRS and multiple SRS, UE reports the aggregate value of all autonomous TA adjustment updates and all TA adjustment updates due to TAC for the regions between two neighboring PRS and/or SRS resources.  


[bookmark: _Ref142483404]Figure 3. Reporting TA adjustment update for multiple PRS and multiple SRS

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 2.
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 4. gNB Rx-Tx
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]Proposal 3:  For gNB Rx-Tx time difference in NTN, gNB reports the gNB Rx-Tx time difference as it is defined in TS 38.215. 

Final notes
Besides the reported gNB Rx-Tx according to the above, LMF can use the time stamps of the PRS and SRS to calculate the time difference between the transmission of PRS and the reception of SRS.
[bookmark: _Hlk134543917][bookmark: _Hlk74145913]In the above discussion, how and when the UE makes autonomous TA adjustment and how and when gNB decides to send TAC to the UE depend on the UE and gNB implementations, respectively. However, one fact is clear and that is we cannot assume that the received timing of the UL subframes are perfect.  gNB may still receive and decode UL subframes that are within +/-CP/2 misaligned from the gNB DL 1 ms perfect subframe boundaries.  This will manifest as measurement error for gNB Rx-Tx time difference. In our past contribution to RAN1‑112bis‑e [4], our simulation results show that with such a measurement error, it would be hard to fulfill the 10 km accuracy requirement for NTN network verified UE location. If the UE reports to LMF the aggregate value of the total autonomous TA adjustments and TA adjustments due to TAC received from the gNB, then LMF will be able to calculate the time difference between the transmission of PRS and the reception of SRS more accurately.

Conclusion 
[bookmark: _GoBack]In this contribution we discussed the details of a Multi-RTT method that is appropriate for the network verified UE location for NTN. We make the following observations:

Observation 1: Reducing 160 ms requirement for transmitting SRS to 10 ms or 20 ms will impose unnecessary scheduling constraints on network.
Observation 2 : Reporting the total value of the Offset part needs the range of -315207680Tc to 315207680Tc  and is not efficient in terms of signaling overhead.
Observation 3: Reporting the total aggregate value of all TA adjustment updates needs the range of -15760Tc to 15760Tc and is efficient in terms of signaling overhead.
And based on the observations we make the following proposals:
Proposal 1: UE reports to LMF the aggregate value of all autonomous TA adjustment udpdates and all TA adjustment updates due to TAC received from the gNB, that the UE has applied between the following: 1) receiving PRS in DL and 2) transmitting SRS in UL.
Proposal 2: For multiple PRS and multiple SRS, UE reports the aggregate value of all autonomous TA adjustment updates and all TA adjustment updates due to TAC for the regions between two neighboring PRS and/or SRS resources.
Proposal 3:  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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