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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#113, the following agreements were made in terms of Network verified UE location for Rel-18 NR NTN.
	[bookmark: _Hlk83924038]Agreement
For network verified UE location in NTN, satellite ephemeris information should be available at the LMF.
Agreement
For network verified UE location in NTN common TA information should be reported at least from gNB to LMF. 
Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.



In addition, the following proposal from the discussion summary [2] was endorsed in RAN#100.
	· 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 share the view on Network verified UE location for Rel-18 NR NTN.
Discussions
UE Rx-Tx time difference
For positioning support in TN, the reporting range for the absolute UE Rx-Tx time difference measurement is defined in TS 38.133, where the range is from -985024*Tc to 985024*Tc with the resolution step of 2k*Tc, and k can be from 0 to 5. According to the conclusion from RAN#100 that RAN1 needs to focus on Option 3 for UE Rx-Tx time difference, i.e., reusing the legacy R17 definition of UE Rx-Tx time difference, the reporting range for the absolute UE Rx-Tx time difference measurement should be kept as is in TS 38.133. The remaining issue is how to handle an offset in the unit of the slot length. The agreement from RAN1#112 captured three sub-options under Option 3.
· 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.
In fact, either option works and we do not see much difference. Some companies argued that it should not be based on TA, because TA is derived by using untrusted GNSS location information. However, the reported information in Option 3-1 and Option 3-2 could be also faked by the UE. The reported content in Option 3-1 and Option 3-3 is relative time information, while the report in Option 3-2 is absolute time information which may give a little more information to LMF. With this reason, we slightly prefer Option 3-2.
Proposal 1: UE Rx-Tx time difference report includes 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

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 2: 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: UE Rx-Tx time difference report includes 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
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 2: 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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