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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 follows:
	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 from the network side.
[bookmark: _Hlk146482191][bookmark: _Hlk146482200]TA information reporting
For multi-RTT positioning method to properly work with a single satellite, common TA information is needed at LMF. Therefore, in RAN1#113, following agreement was made for supporting the transfer of common TA information in order to enable 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. 



The request and response signalling of 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 NRPPa TRP measurement result IE.
Proposal 1: NRPPa measurement procedures initiated from LMF may be used to indicate the common TA parameters. 
[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, which would eventually result in an intersection of the rings/circle at two points forming a symmetric 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 ambiguous location estimates of target UEs.  During the RAN1#114 meeting, following conclusion was made for NTN NW verified UE location.
	[bookmark: _Hlk149568877]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]
[bookmark: _Hlk149569033]Moreover, in RAN2#121 and RAN2#123-bis meetings, following agreements for mirror ambiguity were achieved respectively.
	[bookmark: _Hlk149579434]Agreement
In order to resolve the mirror point ambiguity issue, the network relies on the legacy signaling and procedure to configure NTN UE to measure and report neighbor cells or reference signals/beams. No spec changes to radio interface are needed from RAN2 perspective. Unclear if changes are needed to other interfaces, NRPPa protocol (RAN2 will no longer discuss this)
Agreement
RAN2 understands that to solve the mirror point issue, the measurements reported by RAN should include the information of the cells on the opposite side



During RAN3#121-bis meeting, multiple options to resolve mirror ambiguity were discussed that include
	Opt1: Reusing the existing NR-CGI IE to transfer the mapped Cell ID.
Opt2: Include mapped Cell ID in Measurement Quantities Value IE for E-CID MEASUREMENT INITIATION REQUEST NRRPa message and Define a new Mapped Cell ID IE in E-CID Measurement Result information element
Opt3: By implementation
Opt4: Provide additional indication from LMF to gNB on the top of the mapped Cell ID
Opt5: Provide the right or left of the satellite obit from gNB to LMF



Option 1, 2 and 4 (partially) are related to the use of Mapped Cell-ID, however, the justification for the use of Mapped Cell-ID is not clear because of number of reasons. According to TS38.300, a specific geographical location may be mapped to multiple Mapped Cell ID(s), and such Mapped Cell IDs may be configured to indicate different geographical areas (e.g. overlapping and/or with different dimensions). The gNB is responsible for constructing the Mapped Cell ID based on the UE location information received from the UE, if available. The mapping may be pre-configured (e.g., up to operator's policy) or up to implementation. In case, the Mapped Cell-IDs are based on the UE reported location estimates (e.g., estimated via GNSS), this may not be feasible because the location estimates may not be trustable and may defeat the original purpose of network verified UE location. Alternatively, the location estimates may be determined by gNB e.g., based on historic data or based on an approximate guess. However, both ways to determine the location estimate by gNB for the purpose of formulating a Mapped Cell-ID may not be accurate and reliable as when the network verification procedure is to be performed, there is no location history available for that particular UE. Therefore, it is not clear why and how Mapped Cell-ID may be used to estimate a location resulting from mirror ambiguity problem, whereas this location is to be further used for network verification.
Proposal 2: Clarify how a Mapped Cell-ID will be formulated and is further used to determine the location estimate resulting from mirror ambiguity. If a Mapped Cell-ID is based on UE reported location information, then Mapped Cell-ID is not network verified.
One straight forward way may be that LMF requests UE to perform neighbour cells (or beams) measurements and with the reported RSRP values of the neighbour cells (beams), the LMF may have an idea about the approximate location from the mirror location estimates. However, there are few open questions/issues with regards to this approach:          
1. The LMF may need to know the geometrical layout of the cells (or beams) and the footprint size of each cell (or beam) in order to properly distinguish the actual location from the mirror locations. It is not clear how the LMF may resolve the mirror ambiguity with neighbour cell measurements, if the LMF does not know the geometric layout with respect to the beams/cells  located with respect to satellite path. Moreover, E-CID method does not provide this information to the LMF, therefore this information may need to be included in the E-CID measurement report.
2. Secondly, even if the LMF knows this information, the LMF may need to configure the UE to report the measurement results for a particular neighbour cell that may itself be a new requirement to UE. Further discussion is needed how a UE can report a specific set of neighbouring cell measurements.
3. Moreover, the type of cell/beam layout, i.e., earth fixed cells or earth moving cells, may also have an influence on neighbour cell measurement reports that would be used to resolve mirror ambiguity. For example, in case of earth moving cells, the information related to neigbour cells (beams) may be changing over time. Although in most of cases this may not be a key issue but for some corner cases, the neighbour cell measurements may provide wrong information, as multi-RTT measurements with single satellite may span over long durations. Therefore, the LMF may need information about the type of beam/cell layout to know the reliability of neighbour cell measurement reports.
4. Lastly, the neighbour cell measurement reports may not resolve the mirror ambiguity issue at all in many scenarios. The beam (Cell ) footprint size in NTN is very large and, in many cases, the UE may not have any RSRP values for the neighbour cells (beams), e.g., if UE is not near the beam/cell edge. Such scenarios may be more common in NTN, owing to large beam footprint size. Therefore, alternative methods need to be adopted that may work when UE is not near the cell/beam edge.
[bookmark: _Hlk149651743]Observation 1: The LMF may require following additional information in case neighbour cell measurements are used for resolving the mirror ambiguity issue;
· Geometrical layout of Cells (beams)
· Cell/beams footprint size
· Type of NTN Cell, i.e., earth moving cells or earth fixed cells
Observation 2: The neighbour cell measurements may not resolve the mirror ambiguity in scenarios where UE is not located near the beam/cell edge because of large footprint size of NTN beams/cells.
Proposal 3: RAN3 to identify the information needed by LMF from gNB in addition to neighbour cell measurement reports for resolving mirror ambiguity. 
One simple way to cater for above mentioned issues is to provide information to the LMF about the relative position of beams/cells with respective to satellite orbital plane. e.g., beam/cell ID Location = {left, right, or center} based on the geometric layout of the cell placement. For example, in case of earth moving cells, the LMF may need to know the DL PRS resources, e.g., DL PRS-ID, RSRP measurements from the UE and PRS beam location information with respect to satellite orbit from the gNB along with the multi-RTT measurements at multiple different time instances. During the measurement window, the target UE may experience one or multiple DL PRS-ID changes, since the beams/cells are moving with the satellite. Based on the DL-PRS beams location information and received DL-PRS measurements from the target UE, the LMF may know that the target UE is located on the left or right sided of the satellite orbit and may resolve the mirror ambiguity. 
[image: ]
Figure 1: An example beam layout for NGSO
There may still be some cases where the mirror ambiguity issue may not be resolved even if this information is provided, e.g., if a UE is location in the center beam with respect to the satellite orbit for the case of earth fixed cells, UE is located in beam ID 9 as shown in Figure 1. However, this may be resolved by appropriate beamforming e.g., the gNB may adjust its DL-PRS beam spatial filter in a way that some beams are always pointing towards one side of the satellite orbital plane, i.e., there is no center beam with respect to satellite orbit plane. An example illustration of such a layout is shown in Figure 2. Based on the measurement reports of DL PRS-IDs and respective RSRP values from the target UE and information about the beam/cell location with respect to the satellite orbital path, the LMF may differentiae the UE location from mirror locations since the LMF has the information on whether the UE is located on the right side or left side of the orbital plane, i.e., all determined relative to the orbital plane.
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Figure 2:An example beam layout  to resolve mirror ambiguity

[bookmark: _Hlk131705174]Proposal 4: The information regarding the location of a DL PRS beam with respect to the satellite orbit, based on the geometric cell layout, e.g., whether the UE location is on the right or left side relative to the orbital plane, may be shared with a NG-RAN node to the LMF to facilitate the mirror ambiguity resolution.
Option 4 is related to implementation, but it is not clear that how implementation alone may be sufficient to resolve the mirror ambiguity. In our point of view addition information may be need at LMF at least from gNB to resolve the mirror ambiguity, as discussed above.
Proposal 5: Clarify how an implementation-based approach may be sufficient to resolve the mirror ambiguity from RAN 3 perspective as different implementations may yield different results.

Conclusion
The following observations are summarized as follows in relation to NTN network verified UE location:
Observation 1: The LMF may require following additional information in case neighbour cell measurements are used for resolving the mirror ambiguity issue;
· Geometrical layout of Cells (beams)
· Cell/beams footprint size
· Type of NTN Cell, i.e., earth moving cells or earth fixed cells
Observation 2: The neighbour cell measurements may not resolve the mirror ambiguity in scenarios where UE is not located near the beam/cell edge because of large footprint size of NTN beams/cells.
The following proposals are summarized as follows in relation to NTN network verified UE location:
Proposal 1: NRPPa measurement procedures initiated from LMF may be used to indicate the common TA parameters. 
Proposal 2: Clarify how a Mapped Cell-ID will be formulated and is further used to determine the location estimate resulting from mirror ambiguity. If a Mapped Cell-ID is based on UE reported location information, then Mapped Cell-ID is not network verified.
Proposal 3: RAN3 to identify the information needed by LMF from gNB in addition to neighbour cell measurement reports for resolving mirror ambiguity. 
Proposal 4: The information regarding the location of a DL PRS beam with respect to the satellite orbit, based on the geometric cell layout, e.g., whether the UE location is on the right or left side relative to the orbital plane, may be shared with a NG-RAN node to the LMF to facilitate the mirror ambiguity resolution.
Proposal 5: Clarify how an implementation-based approach may be sufficient to resolve the mirror ambiguity from RAN 3 perspective as different implementations may yield different results.
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