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Introduction
[bookmark: _Hlk127365817]In RAN#98e, the objective of Rel-18 work item on NR NTN enhancements for network verified UE location was agreed as following:
	Network verified UE location
Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature



This contribution discusses the potential required RAN3 enhancements to support UE location verification.
[bookmark: _Hlk146482191][bookmark: _Hlk146482200]Satellite ephemeris and common TA information reporting
[bookmark: _Hlk146489771]For multi-RTT positioning method to work in NTN and in order to enable network verified UE location, the location of the satellite is to be known to the LMF at time instances, where the positioning measurements are performed. Especially in the case of single satellite, the location of the same satellite may be required at multiple time instances, where the location of NGSO satellites is constantly changing over time. With regards to the information regarding the location of satellite, in RAN1#113 and RAN1#114, following agreements were made for NTN NW verified UE location.
	Agreement
For network verified UE location in NTN, satellite ephemeris information should be available at the LMF.
Agreement
Ephemeris information for UE location verification, including accurate satellite position and velocity at the time of measurement, should be available at LMF.



During the RAN3#121, two options were discussed to provide satellite ephemeris information to the LMF. In one option, the ephemeris information is provided by O&M to LMF while in the second option, signalling based procedure, e.g., TRP location exchange procedure, may be used for exchanging the ephemeris information. In our point of view, the signalling based procedure may be opted for exchange of satellite ephemeris information between NG-RAN node and LMF. O&M sharing of satellite ephemeris information between CN and RAN is not sufficient to support network verified UE location for the following key reasons:
1. The received satellite ephemeris may not be common across O&M of CN and NG-RAN and may result in mismatch of TRP-IDs. 
2. In case of single satellite, the Multi-RTT measurements are to be performed at multiple time instances with a minimum time gap, where a dynamic update of satellite ephemeris information at the time of measurement (real time satellite ephemeris information) may be needed. 
One possible mechanism to mitigate the above issues, may be to include the satellite ephemeris information as part of TRP measurement exchange procedure, e.g., using the NRPPa Measurement Report message, where for each of the requested measurement results, NTN satellite ephemeris information is also included.
[bookmark: _Hlk146491613]Proposal 1: NRPPa based signalling solutions may be used to provide ephemeris information of a satellite to the LMF.
Similar to the location information of satellite, common TA information is needed in order for multi-RTT to properly work. Therefore, in RAN1#113, following agreement was made for NTN NW verified UE location.
	Agreement
For network verified UE location in NTN common TA information should be reported at least from gNB to LMF. 



Common TA information is not the part of the legacy NRPPa procedures as it is more specific to NTN. One straightforward way may be for LMF to request this information as part of measurement procedure, where LMF requests the respective TRP (e.g., satellite) in the NG-RAN node to report the common TA parameters and may also request the satellite ephemeris additionally. The NG-RAN node in its response message provides the required information, i.e., common TA parameters and satellite ephemeris. For this purpose, additional fields may be added in the TRP measurement result IE.
Proposal 2: NRPPa measurement procedures may be used to indicate the common TA parameters and satellite ephemeris information at the time of measurements. 
[bookmark: _Hlk127289418][bookmark: _Hlk127365734]Mirror Ambiguity Resolution
For Multi-RTT with a single satellite, multiple measurements are required at different time instances to estimate the UE location. However, the geometric circle/rings formed by the measurements (for example at least at three time instances) would center along the satellite orbital plane, and eventually that would result in intersection of the rings/circle at two points forming a mirror image of each other. Especially, this mirror ambiguity may always exist for all those UEs that are in the beams/cells underneath the satellite orbital plane, resulting in two location estimates of target UEs.  During RAN1#114 meeting, following conclusion was made for NTN NW verified UE location.
	Conclusion
To resolve the mirror positions ambiguity for multi-RTT positioning, the following methods can be used without RAN1 specification impact from RAN1 perspective:
•	by gNB or LMF implementation
•	existing ECID method
•	UL-AoA


[bookmark: _Hlk131534780]
If gNB or LMF implementation or existing ECID method is used to resolve the mirror ambiguity, NG-RAN node may need to provide additional information to the LMF to facilitate the mirror ambiguity resolution, e.g., in the case of E-CID, NRPPa E-CID Measurement Report message may also be used. For example, the mirror ambiguity can be resolved by beamforming or neighbouring cell measurements. However, it is essential for LMF to know that a target UE is located on the left or right side of the satellite orbital plane. This may be achieved, for instance by beamforming the positioning reference signals in a way that beams are always pointing either to the left or right side of the satellite orbital plane. Thus, knowing the beam identity of the positioning reference signal along with its location with respect to the satellite orbit, i.e., left or right side of the satellite orbital plane, may be required to the LMF to resolve the mirror ambiguity easily. In the legacy NRPPa positioning procedures, the information regarding the location of a PRS beam with respect to the satellite is not provided. One solution may be to include this information as part of PRS configuration exchange procedure, where DL PRS transmission characteristics IE may provide additional information about the location of a beam with respect to the satellite orbit.
[bookmark: _Hlk131705174]Proposal 3: The information regarding the location of a PRS beam or cell-ID with respect to the satellite orbit plane, i.e., left or right, may be informed by NG-RAN node to the LMF to facilitate the mirror ambiguity resolution.
Conclusion
The following observations are summarized as follows in relation to NTN network verified UE location:
Proposal 1: NRPPa based signalling solutions may be used to provide ephemeris information of a satellite to the LMF.
Proposal 2: NRPPa measurement procedures may be used to indicate the common TA parameters and satellite ephemeris information at the time of measurements.
Proposal 3: The information regarding the location of a PRS beam or cell-ID with respect to the satellite orbit plane, i.e., left or right, may be informed by NG-RAN node to the LMF to facilitate the mirror ambiguity resolution.
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