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1 Introduction
In RAN1#112 Athens, the following agreements were made [1]:
	Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
1. Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
0. UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
0. TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
0. TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
0. One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
1. Option 2:
1. For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
1. FFS: details of report and the definition of UE Rx-Tx time difference    
1. Option 3: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
2. Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
2. Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
2. Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
1. Option 4: 
3. UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
0. FFS: the granularity and the reporting range of TA.
0. Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

Agreement
Select one (or more) of the following options for the enhancement of gNB Rx-Tx time difference in NTN
1. Option 1: The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
4. TgNB-RX is the Transmission and Reception Point (TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
4. TgNB-TX is the TRP transmit timing of the downlink subframe corresponding to uplink subframe #i received from the UE
4. Multiple SRS resources can be used to determine the start of one subframe containing SRS.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
1. Option 2:
5. For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
0. Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
1. Option 3: 
6. Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
1. Option 4:
7. For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

7. FFS: details of report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account




In RAN#112bis_e, the following agreement was made [2]:
	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:
· 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: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: 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
· 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





2 Discussion

Pairing of UE RX-TX time difference and gNB RX-TX time difference measurements

Our views on the alternative pairings of UE RX-TX time difference and gNB RX-TX time difference measurements are:
· Alt-1. Option 3 for UE RX-TX time difference measurement complicates matters since the subframe timing at the UE may be updated during the RTT measurement due to timing advance compensation. Signalling an offset in addition to the UE RX-TX time difference measurement is a signalling optimization. RAN2 should be deciding whether or not to do such a signalling optimization. RAN1 / RAN2 should not be considering optimisations at this stage of the work item, given the TU available. Furthermore, option 3 has a further 3 sub-options. Choosing between these sub-options would take further meeting time. In summary, there are too many issues with option 3, both technical and in terms of meeting management. Therefore, we do not support Alt-1.
· Alt-2. In comparison to Alt-1, this alternative does not have the issues with Option 3 for the UE RX-TX time difference and uses the straightforward Option 2 for the UE RX-TX time difference measurement. This alternative reuses the gNB RX-TX time difference measurement from existing specifications. While this appears to minimize RAN1 specification changes, it is unclear whether it would create more specification changes in other working groups (in the NTN context). It is also unclear whether there is a technical benefit of this measurement over the simple Option 4 for gNB RX-TX time difference measurement. Hence, we do not see the benefit of Alt-2 over Alt-1.
· Alt-3 uses the Option 2 UE RX-TX time difference measurement and the Option 4 gNB RX-TX time difference measurement. The RTT is simply calculated as: RTT = (gNB RX-TX time difference) – (UE RX-TX time difference). This is a simple calculation and is unaffected by UE timing advance compensation. Hence, given the simplicity of this alternative and the low specification impacts, we prefer this alternative.
Proposal 1: For RTT determination, support Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4.

Note: Alt-3 comprises the following agreements from previous meetings:
	Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4 [RAN1#112bis_e]
1. Option 2 [for UE Rx-Tx time difference: RAN1#112]:
8. For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
8. FFS: details of report and the definition of UE Rx-Tx time difference

1. Option 4: [for gNB Rx-Tx time difference: RAN1#112]
9. For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

9. FFS: details of report.




Association between DL PRS and UL SRS
The multi-RTT technique is based on measurements of the time difference between PRS and SRS signals. Multiple measurements may be required for UE positioning estimation purpose (e.g., for multi-lateration computation of UE positioning estimation). Multiple measurements may also be required for NTN location verification due to the low SNR conditions that are characteristic of the NTN link budget. The PRS transmissions may be periodic. The round trip time in NTN may be large (25ms for LEO-600). In order to avoid ambiguity between which SRS and which PRS the RX-TX time difference measurement refers to, the SRS and PRS might have to be spaced far apart in order to avoid the ambiguous situation illustrated in Figure 1. Should the RX-TX time difference measurement refer to the time between PRS#1 and SRS#1, TRX_TX1, or should it refer to the RX-TX time difference between PRS#1 and SRS#2, TRX_TX2 ? In order to avoid this ambiguity, it is proposed that the association between PRS and SRS is explicitly configured for the purposes of RX-TX time difference measurements.

Proposal 2: The association between PRS and SRS should be configured for the purposes of RX-TX time difference measurements.
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[bookmark: _Ref127525016]Figure 1 – Illustration of possible association of SRS and PRS for RX-TX time difference measurements
 

Multiple SRS for determining the arrival time
The NTN link is often UL coverage limited. In order to support good coverage and measurement accuracy of UL SRS, it is proposed that multiple SRS can be used to determine the SRS arrival time. The measurements on these multiple SRS can be combined at the gNB in order to improve SNR performance. When multiple SRS are transmitted by the UE in association with a single PRS, the UE can either signal:
· Multiple UE RX-TX time difference measurements, where each UE RX-TX time difference measurement relates to one pair of PRS, SRS
· A single UE RX-TX time difference measurement, where the time difference measurement is based on one of the known SRS transmissions. The gNB can then account for the known time spacing between SRS transmissions when calculating the gNB RX-TX time difference. While there might be some UE timing advance compensation between these multiple SRS transmissions, that timing advance compensation is expected to be small and to not adversely affect the gNB RX-TX timing advance measurement (noting that the accuracy requirement for location verification is a generous 10km).
Proposal 3: Multiple SRS can be used for determining the UE RX-TX time difference measurement and gNB RX-TX time difference measurement.

3 Conclusion 
This document has considered network verification of UE location for NR NTN. The following observations and proposals are made:
Proposal 1: For RTT determination, support Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4.
Proposal 2: The association between PRS and SRS should be configured for the purposes of RX-TX time difference measurements.
Proposal 3: Multiple SRS can be used for determining the UE RX-TX time difference measurement and gNB RX-TX time difference measurement.
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