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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#112bis-e, the following agreements were made in terms of Network verified UE location for Rel-18 NR NTN.
	[bookmark: _Hlk83924038]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


In this contribution, we share the view on Network verified UE location for Rel-18 NR NTN.
Discussions
Definition of Rx-Tx time difference measurements in NTN
The following agreement from RAN1#112 is the reference for the UE Rx-Tx time difference Options described in the agreement from RAN1#112bis-e.
	Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
· Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· [bookmark: _Hlk131600341]TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· 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)
· Option 2:
· 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. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
· 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: 
· 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
· 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
· 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.
· Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· 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



For the definition of TUE-TX in Option 1, “TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP”, it is unclear what the corresponding uplink subframe is. Given that it means uplink subframe#i, the time difference between two subframe is much larger than the maximum possible value of the existing UE Rx – Tx time difference. Therefore, Option-1 definition of UE Rx-Tx time difference leads to the largest reporting value range.
[bookmark: _Hlk131602635]According to the definition of the existing TUE-TX, SRS does not have to be referred to for the UE Rx – Tx time difference measurement. On the other hand, multi-RTT positioning anyway requires the configuration of SRS for positioning. Therefore, that is not a bar to put Option 2 on the table. One thing that needs to be considered for Option 2 is that the network has to configure SRS and DRS such that the SRS transmission and the DRS reception after TA adjustment at the UE side are within the limited duration, i.e., within the reporting value range. Note that, in the legacy UE Rx – Tx time difference measurement, SRS transmission could be within [-160, 160] msec of at least one DL PRS resource of each of the TRPs.
[bookmark: _Hlk131618564][bookmark: _Hlk131619025]Option 3 does not require any update on the reporting value range. Sub-options 3-1 and 3-2 need an additional report in order of the unit of slot or millisecond, which is much coarser compared to the granularity of the time difference measurement report. From the view point of trustworthiness, the report of the index of the subframe j is slightly preferable compared with the rounded the time difference or TA value, though the difference is marginal. 

As for gNB Rx-Tx time difference measurements, the following agreement from RAN1#112 is the reference for the UE Rx-Tx time difference Options described in the agreement from RAN1#112bis-e.
	Agreement
Select one (or more) of the following options for the enhancement of gNB Rx-Tx time difference in NTN
· Option 1: The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
· 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.
· TgNB-TX is the TRP transmit timing of the downlink subframe corresponding to uplink subframe #i received from the UE
· 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)
· Option 2:
· For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
· Option 3: 
· Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
· Option 4:
· 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. 
· FFS: details of report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account



Similar to UE Rx-Tx time difference, it is unclear what the corresponding downlink subframe in Option 1 means. As for Option 2, we see no need to change the existing gNB Rx-Tx time difference definition. Just like TN, multiple SRS can be used. 
Based on the above analysis, we make the following proposal.
Proposal 1: Take Alt-1 of the agreement from RAN1#112bis-e, i.e., UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215.

The reference point for TgNB-RX and TgNB-TX used for the gNB Rx – Tx time difference measurement in NTN
For the existing gNB Rx – Tx time difference measurement in TN, its reference point is clearly defined in TS 38.215. For NTN, the reference point for the gNB Rx – Tx time difference should be defined as well. Otherwise, the LMF cannot utilize the measurement report from the gNB for UE location verification. In RAN1#112, it was discussed how to define the reference point for TgNB-RX and TgNB-TX used for the gNB Rx – Tx time difference measurement in NTN, and the following options were identified for further down-selection.
	Agreement
[bookmark: _Hlk131700543]In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement, consider the following options:
· Option 1: Onboard the satellite
· Option 2: The uplink time synchronization reference point
· Option 3: on the gNB



In RAN1#112bis-e, the proposal to pick one between Option 1 and Option 2 was provided by FL, but no consensus on the proposed approach was reached.
Basically, for UE location verification, RTT between the UE and the satellite has to be used. That means at least LMF needs to identify the RTT between the UE and the satellite. At the same time, the reference point for definition of gNB Rx-Tx time difference measurement is just a reference point and as such it can be outside of the measuring entity. Regardless of the options, the measuring entity should be the gNB, and anyway the time difference associated with the feeder link needs to be compensated at the end. The only difference among options is which part of the time difference associated with the feeder link is compensated by the gNB. If not fully compensated by the gNB, the rest of the time difference has to be reported from the gNB to LMF so that the LMF further compensates the remaining part. In this sense, we see much difference among the listed options.
For Option 1, the gNB time difference measurement result reported from the gNB to LMF directly corresponds to the RTT between the UE and the satellite. As such, the LMF can use the reported measurement results as it. For Options 2 and 3, the gNB time difference measurement result reported from the gNB to LMF is not sufficient for the LMF to identify the RTT between the UE and the satellite. Other report from the gNB is necessary for the LMF to compensate the time difference between the satellite and the reference point. For simplicity, we slightly prefer Option 1. But, again, either option works well.
Proposal 2: For the reference point for definition of gNB Rx – Tx time difference measurement, we slightly prefer onboard the satellite, but can be live with the other options.

Solving the mirror position ambiguity
For UE location verification in case of single satellite, multi-RTT method cannot distinguish between the mirror positions on either side of the orbital plane and other input(s) is (are) required to resolve this ambiguity. In RAN1#112, the following options were listed by FL, and the list was agreed as below.
	Agreement
Study the following options to resolve the mirror positions ambiguity for multi-RTT positioning:
· Option 1: gNB or LMF implementation to solve the mirror error issue.
· FFS: whether there is spec impact
· Option 2: Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· Option 3: NR NTN UE should report the Doppler calculated on the service link
· Option 4: a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Option 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF
· Option 6: Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioningOther solutions are not precluded



Among options except for Option 1, Option 6 is the only option that has no impact on UE’s ability. In this sense, if Option 1 means the solution is fully up to gNB or LMF implementation and nothing is required for the UE side, then Option 1 would be equivalent to Option 6. Here, in Option 6 UL-AoA measurement has to be done by the satellite but not the gNB, and the satellite has to send the UL-AoA measurement to the gNB. It is too much to force all the satellite to have these features.
Observation 1: UL-AoA may not be available at every single satellite.
Between Options 2, 3 and 4, ECID method would have more robustness in terms of trustworthiness, compared to report of Doppler and report of beam pointing, because it is difficult for a malicious UE to identify which CSI-RS is associated with the location at which the UE wants the LMF to believe that the UE is. In addition, the existing NR ECID method already supports UE measurements including SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ, which can be used to resolve the mirror position ambiguity at the LMF.
Observation 2: The existing NR ECID method supports UE measurements including SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ, which can be used to resolve the mirror position ambiguity at the LMF.
Based on the above observations, in order to make the network with non-UL-AoA capable satellite enable UE location verification, at least all the NTN UE capable of Rel-18 Network verified location should support NR ECID method as well as multi-RTT positioning. On the other hand, whether NR ECID method is used for solbing the mirror position ambiguity can be left to gNB or LMF, because some network may have the ability to perform UL-AoA. Therefore, we make the following proposal.
Proposal 3: The NTN UE capable of Rel-18 Network verified location should support NR ECID method as well as multi-RTT positioning. It is up to gNB or LMF if NR ECID method is used for solving the mirror position ambiguity.

Conclusion
In this contribution, we have the following observation and proposal:
Proposal 1: Take Alt-1 of the agreement from RAN1#112bis-e, i.e., UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215.
Proposal 2: For the reference point for definition of gNB Rx – Tx time difference measurement, we slightly prefer onboard the satellite, but can be live with the other options.
Observation 1: UL-AoA may not be available at every single satellite.
Observation 2: The existing NR ECID method supports UE measurements including SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ, which can be used to resolve the mirror position ambiguity at the LMF.
Proposal 3: The NTN UE capable of Rel-18 Network verified location should support NR ECID method as well as multi-RTT positioning. It is up to gNB or LMF if NR ECID method is used for solving the mirror position ambiguity.
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