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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 mobility management for NTN. Based on our analysis, we propose the way forward that should be addressed in WI phase.
2. Discussion

2.1 Measurement configuration/reporting enhancement for NTN
Measurement enhancement for NTN has been discussed in SI phase. According to TR38.821 v1.1.0 [1], the aspects that has been discussed included conditional triggering of measurement reporting, inclusion of location information in the measurement report and network compensation of propagation delay difference between satellites. How to report UE location has been addressed in another contribution in [2] and this section will only address conditional measurement solution.

In conditional measurement, we will introduce additional criteria to trigger the measurement and/or measurement reporting. The benefits of introducing conditional measurement could be foreseen as:

1) With the introduction of additional criteria, the energy consumption and signalling overhead on performing measurement as well as reporting can be reduced.
2) According to the satellite ephemeris information and its transmission parameters, network can predict precisely the location where the handover may happen. Therefore, to configure the UE to perform measurement or send measurement report just before the handover should happen will not reduce the handover performance. 
Therefore, we have the proposal as follows.
Proposal 1: In order to reduce measurement report signalling and save power on unnecessary measurements, conditional measurement which introduces additional criteria to trigger the measurement and/or measurement reporting should be supported in NTN. 
2.2 Conditional handover for NTN
In Rel-16, conditional handover, a procedure to execute handover only when the pre-configured conditions are met, was introduced. Network will pre-configure the handover execution conditions in advance. UE will evaluate execution conditions and can perform the handover once those conditions are satisfied.
The NTN study item identified that Conditional handover is promising in NTN in terms of signalling overhead reduction and potential less handover failures, thanks to the predictable satellite trajectory. Different triggers namely measurement-based triggering, location triggering, time(r)-based triggering, timing advance value based triggering, elevation angles of source and target cells based triggering, have been discussed in SI phase and analysis on Pros and Cons are included in TR38.821 v1.1.0 [1].
Proposal 2: Conditional handover should be supported in NTN. Rel-16 Mobility enhancement is the baseline and new triggers that take the predictable satellite trajectory into account should be considered.
In SI phase, the main concerns on location based trigger discussed were: the unavailability of the cell; some UEs may not have positioning capability and signalling overhead on location reporting. We elaborate our views on each of these as follows.
1) HO to an unavailable cell. As the satellite’s ephemeris information is precise, together with UE’s location report (or even without frequent location report), network can predict relatively precisely where the UE probably needs to handover. Furthermore, the location could be an area rather than a point. So, the probability to HO to an unavailable cell would be very low. Upon HOF, UE will act as defined in Rel-16 mobility enhancement, e.g. perform cell selection and apply CHO configuration if available, otherwise it performs re-establishment.
2) UEs without positioning capability. This is a valid concern and we think at least for the UEs with positioning capability, location based trigger should be supported.

3) Signalling overhead on location report. We have several options to keep a balance between handover accuracy and signalling overhead. Please refer to [2] for more details.
Proposal 3: Location based conditional handover trigger is supported in NTN, at least for UEs with positioning capability.

In SI phase, the main concerns discussed on time/timer based triggers were: unavailability of cell, handover accuracy and overhead to maintain multiple timers. We elaborate our views on each of them as follows.

1) HO to an unavailable cell. As the satellite’s ephemeris information is precise, together with UE’s location report (or even without frequent location report), network can predict relatively precisely when the UE probably needs to handover. So, the probability to HO to an unavailable cell would be very low. Upon HOF, UE will act as defined in Rel-16 mobility enhancement, e.g. perform cell selection and apply CHO configuration if available, otherwise it performs re-establishment.

2) Handover accuracy. With UE’s location reporting, the accuracy on the estimated time to handover to another satellite cell would be greatly improved. We could design a location reporting scheme to balance between signalling overhead and handover accuracy
3) Overhead to maintain multiple timers. We do not think that to maintain multiple time/timers would be a great burden for the UE.

Proposal 4: Time/timer based conditional handover trigger should be supported in NTN.

In Rel-16 IAB, the reconfigurationWithSync is included in masterCellGroup only when AS security has been activated and SRB2 is setup and not suspended. It implies that e.g. handover command and radio bearer setup can be combined into a same RRC reconfiguration message. We believe that a similar mechanism e.g. to send a batch of handover signalling together with radio bearer setup, should be applied in NTN as well, given the benefits listed as follows.

1) To include a batch of handover signalling in one RRC reconfiguration message can reduce the handover signalling overhead. According to UE’s location as well as satellite ephemeris information, when and to which satellite the UE is going to handover to can be predicted in advance.
2) To include handover signalling together with radio bearer setup can further randomize the UEs to perform handover, hence reducing the network congestion especially when a large quantity of UEs handover to the same satellite cell.
Proposal 5: Multiple handover configurations included in one RRC reconfiguration message when AS security has been activated and SRB2 is setup and not suspended should be supported in NTN.
3. Conclusion

We propose RAN2 to discuss the proposals as follows.

Proposal 1: In order to reduce measurement report signalling and save power on unnecessary measurements, conditional measurement which introduces additional criteria to trigger the measurement and/or measurement reporting should be supported in NTN. 
Proposal 2: Conditional handover should be supported in NTN. Rel-16 Mobility enhancement is the baseline and new triggers that take the predictable satellite trajectory into account should be considered.

Proposal 3: Location based conditional handover trigger is supported in NTN, at least for UEs with positioning capability.

Proposal 4: Time/timer based conditional handover trigger should be supported in NTN.

Proposal 5: Multiple handover configurations included in one RRC reconfiguration message when AS security has been activated and SRB2 is setup and not suspended should be supported in NTN.
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