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1	Introduction
This Tdoc discuss open issues on Network verified UE location.
2	Discussion  
During RAN2#123 it was discussed how a the network is able to identify whether a UE supports the network verified UE location. As seen below in agreement 1, the agreement reached was that a capability is needed, in order for the network to handle potential access restrictions in case the UE does not support the feature, as stated in agreement 2. 
1. A Rel-18 UE capability is needed for indicating whether UE supports the feature of network verified UE location in NR NTN network (FFS whether this is an additional capability on top of FG 44-3)
2. RAN2 assumption is that how the network handles the access to NR NTN cells for R18 UEs that do not support the new Rel-18 NR NTN “network verified UE location” capability is up to NW implementation, with no need for specs impact (RAN2 can still introduce needed changes to RAN2 specs for this, if requested by other groups)

An open issue regarding agreement 1, is whether another capability is needed than the one defined by RAN1 as FG 44-3. Such capability would be needed as the network needs to know whether a UE supports network verified UE location, such it can avoid unnecessary triggering of related actions. As of RAN1 guidance, FG 44-3 from R1-2306223 indicates the support of UE Rx-Tx Measurement and Report for Multi-RTT positioning with single satellite in NTN. As there is only one method of UE measurement and report for positioning with single satellite for release 18 NTN, FG 44-3 should be enough to indicate support of the network verified location feature.
Proposal 1: The RAN1 capability indicating indicating the support of UE Rx-Tx Measurement and Report for Multi-RTT positioning with single satellite in NTN is sufficient by the gNB to determine whether the UE supports network verified location.
Another issue was whether the location procedure should be able to support cell change and/or satellite change. In case of Earth Fixed Cells (EFC), and ignoring UE movement, the UE may only be connected/camping on a single satellite during the fly over of that satellite. However, if the procedure is started close to t-service a cell switch may happen and next satellite may serve the UE afterwards. If the system is using Earth Moving Cells (EMC) or the UE is moving a UE maybe connected to several cells over the duration of minutes or even seconds (the average serving time in a cell of 50 km diameter is around 4 seconds for EMC from LEO satellites. As the verification period has been agreed to be within approximately 1 minute maximum and 30 seconds preferably, there is a high likelihood that the satellite will have passed over enough for the cell to change. This means, that upon initial attachment, the UE may need to restart the verification procedure at least once, potentially doubling the verification period and in case the cell service times are short never being able to finalise the procedure.
Observation 1: A UE connected to a system using EMC will have a high likelihood of experiencing cell change during the initialisation verification procedure.
Observation 2: A UE connected to a system using EFC will have a non-zero likelihood of experiencing cell change during the verification process if it is started.
As of this, it is important to support cell change, but given the remaining time for the WI, the procedure also needs to be reasonably simple.
One method discussed at RAN2#123 was to enable a new error case in LPP to indicate that the verification procedure failed due to cell/satellite change. Using this information, the UE would be able to i.e. restart the procedure upon a cell change, instead of abandoning the establishment procedure completely. In RAN2#120, it was agreed that at least from RAN2 point of view, the UE may be allowed access to the network even before verification. This could mean that some services could be accessed even though the verification procedure failed. In such case, the UE may continue to be connected to the network while it waits for the retry due to failure indicated by the LPP error cause.
Agreements:
1. From RAN2 point of view, assuming the NW may allow the UEs access to services before verifying the UE reported location, the latency of the NW verification can be handled by the NW.

Another possibility is to let the procedure run across cells. As long as each RTT measurement is performed in one cell the combined RTT results can be used to calculate the position. This is a simple enhancements, following network verified location to work in most scenarios.  The only requirement is that each RTT measurement is performed during the time in one cell
Proposal 2: RAN2 to specify network verified location across multiple cells and make the necessary changes in the specifications to ensure each RTT measurement is made in one cell.
In RAN2#123, it was agreed that the mirror point ambiguity issue were resolved in RAN2 without the need for spec change.
	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



However, in RAN1#114 it was agreed that the ECID method were one solution which were agreed from RAN1 to be used, and as this requires RAN2 discussion we propose to discuss enhancements to the ECID.
	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



Observation 3: Based on RAN1 agreement, spec changed may be needed to the LPP ECID.
Proposal 3: RAN2 to discuss whether any enhancements to the ECID are necessary based on RAN1 agreement.
In Figure 1, the network verified location procedure is intended to prevent the UE to maliciously report itself being in the below part of the cell although it being in the upper part, thus being allowed to access services not available in the country covered by the upper part of the cell. In order to detect this, neighbour cell measurements can be applied, as i.e. SB7 would provide a higher RSRP than i.e. SB10, thus allowing the LMF to detect the actual side in which the UE is.
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Figure 1 UE placement (red triangle) with respect to a country border (blue line)

In case of legacy procedures, LMF provides assistance data to UE which can be a list of PRS reference signal configuration for each TRP (i.e. gNB). UE uses the PRS assistance data to perform PRS based positioning measurements. However, as measurement based on the provided PRS config for a list of TRPs is up to UE implementation this solution may not be sufficient to achieve the desired behaviour for network verified location, as the UE in this case should report at least a cell on each side of the country border (i.e. SB6, and a worse cell i.e. SB10) as this would indicate to the LMF which side the UE is closest to. Thus, we propose to have a new information element in the LPP for network verified UE location, which is then used to indicate to the UE which cells specifically to measure and report. Such an information element may also reduce overhead in respect to reporting as the report will contain fewer entities.
Proposal 4: RAN2 to specify a new ECID information element representing the neighbour cell measurements needed for network verified UE location.
In case of network verified UE location, the actual measurements of the cells may not matter, as it is only the ratio of powers between each group of cells on either side of the mirror point location which is of interest. Therefore, an improvement of the measurement report could be to allow the UE to only report a difference in DB between two cells, or cell groups dictated by the network.
Proposal 5: RAN2 to discuss overhead enhancements to the report i.e. by allowing the new information element to include only a difference in dB between one or more cells measured.
3	Conclusion
Proposal 1: The RAN1 capability indicating indicating the support of UE Rx-Tx Measurement and Report for Multi-RTT positioning with single satellite in NTN is sufficient by the gNB to determine whether the UE supports network verified location.
Observation 1: A UE connected to a system using EMC will have a high likelihood of experiencing cell change during the initialisation verification procedure.
Observation 2: A UE connected to a system using EFC will have a non zero likelihood of experiencing cell change during the verification process if it is started.
Proposal 2: RAN2 to specify network verified location across multiple cells and make the necessary changes in the specifications to ensure each RTT measurement is made in one cell.
Observation 3: Based on RAN1 agreement, spec changed may be needed to the LPP ECID.
Proposal 3: RAN2 to discuss whether any enhancements to the ECID are necessary based on RAN1 agreement.
Proposal 4: RAN2 to specify a new ECID information element representing the neighbour cell measurements needed for network verified UE location.
Proposal 5: RAN2 to discuss overhead enhancements to the report i.e. by allowing the new information element to include only a difference in dB between one or more cells measured.
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