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1. Introduction 
As per 3GPP RANP#88e meeting, the latest Rel-17 NTN WID RP-201256 included the objective on control plane enhancement as follows.
	The following control plane procedures enhancements should be specified (see TR 38.821)
· Idle mode: 

· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)

· Definition of NTN (satellite/HAPS) cell specific information in SIB

· Connected mode

· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.

· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].

· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)
· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]




In this contribution, we elaborate our views on existing Location Services. Based on our analysis, we propose the way forward that should be addressed in WI phase.
2. Discussion

In Rel-16 NR, we have UE positioning architecture as depicted in 38.305 v16.1.0 [1].
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Figure 1: UE Positioning Architecture applicable to NR-RAN [1] 
NOTE 1:
The gNB and ng-eNB may not always both be present.

The LTE Positioning protocol is terminated between a UE (or SET) and a positioning server. LPP messages e.g. LPP Provide Location Information are carried as transparent PDUs across intermediate network interfaces. For NR, RRC provides transport for LPP messages over the NR-Uu interface. In other words, UE’s location information is only available to positioning server and RAN nodes such as the. gNBs are not aware of UE’s location. eNB/gNB could be aware of UE’s GNSS location in MDT or RLF report. But it means MDT feature should be supported in NTN and considering the size of MDT reporting is not negligible and the propagation delay in NTN would be large, other measures which do not rely on MDT are needed. 
If UE’s location information were available to RAN nodes, some optimized operations on network side could be achieved as follows.
1) More precise mobility management
UE location information can be used by the network to determine which satellite/beam is currently or is going to provide coverage to the UE. Therefore, UE location information together with measurement report can provide more precise information for network to determine when to trigger handover for a specific UE. Furthermore, the UE location information could be exploited to decide when it is appropriate to configure measurement thus saving UE power on performing unnecessary measurements.    
2) Cell selection/re-selection
When an NTN-capable UE moves from an NTN cell to a TN cell, handover/reselection to the terrestrial cell may not be triggered if only based on the serving cell quality because the link quality of the NTN cell may still be good enough. As a result, the cell reselection or handover based on serving cell RSRP measurement may not work even when UE physically moves into TN coverage. Therefore, network should make the UE aware of when to start performing the measurements on TN cells and not apply serving cell criteria, when moving from an NTN cell towards a TN cell. One straightforward solution could be network trigger the UE to perform measurements on TN only when the UE approaches a TN cell’s boundary, if RAN node is aware of UE’s location. Considering the coverage of the beam foot print may be up to hundreds of kilometres, location based measurement trigger would save UE power.
Proposal 1: RAN node should be aware of UE location in order to support NTN operation.
Considering the relatively long propagation delay and fast-moving cell impact for LEO deployments, certain enhancements to reduce signalling exchange as well as to accelerate location reporting procedure especially when e.g. UE is in RRC_IDLE or RRC_INACTIVE will need more study. Too frequent location reporting will not only consume network radio resources but also deplete UE’s power while infrequent location reporting may cause the RRC_CONNECTD UE to miss the best handover opportunity. Therefore, a scheme to reduce location report overhead while guaranteeing mobility management performance should be addressed.     

Observation 1: Due to the long propagation delay and fast-moving cell impact especially for LEO deployment, the trade-off between signalling overhead and mobility management performance may need more considerations of the location reporting procedure.
Any mechanism should strike a balance between the signalling exchanges and the resolution of location information. The signalling load for the UEs in RRC_IDLE and RRC_INACTIVE should be considered assuming that the UE has to enter into RRC_CONNECTED state to send the location report.

One straightforward solution to reduce the unnecessary location reporting and the number of RRC state transitions is that UE will only send location report when it moves by a distance beyond a pre-configured threshold from its last reported location. This pre-configured threshold is maintained by the network e.g. based on estimation of how UE’s movement may impact the handover decision and could be reconfigured if deemed necessary. In Figure 2, the locus A is a circle of radius R whose centre is the last reported location of the UE. The distance R is a configured distance threshold from the previous UE location report at which the moving UE must send another location report.
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Figure 2: Locus of movement distance threshold

As discussed above, location reporting for UEs in RRC_IDLE and RRC_INACTIVE is beneficial in order to e.g. optimize paging performance. But transition to RRC_CONNECTED in order to report location will not only impose signalling overhead between UE and network, but also reduce the timeliness of the report, especially considering the long propagation delay in NTN. As a result, it is proposed that enhancements on location reporting for RRC_IDLE and RRC_INACTIVE UEs should be addressed in NTN.
Proposal 2: UE will only send location report when it moves by a distance beyond a pre-configured threshold from its last reported location.

3. Conclusion

We have the observations as follows.

Observation 1: Due to the long propagation delay and fast-moving cell impact especially for LEO deployment, the trade-off between signalling overhead and mobility management performance may need more considerations of the location reporting procedure.
Therefore, we propose RAN2 to discuss the proposals as follows.
Proposal 1: RAN node should be aware of UE location in order to support NTN operation.
Proposal 2: UE will only send location report when it moves by a distance beyond a pre-configured threshold from its last reported location.
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