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1	Introduction
At RAN2#119bis (October 2022) the following NTN-related agreements on mobility have been made [1]:
	Agreements:

1. RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this

2. Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference)

3. Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefit

4. RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)

5. New Proposal 2: RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 
· RAN1 impact
· The need to perform UL beam switching and/or RA 
· Applicability to hard or soft satellite switching



In this paper we provide our further thoughts on the topics identified during RAN2#119bis as relevant for Rel-18 NTN mobility discussion. Idle-mode related aspects are described in our other paper [2].
2	Discussion
2.1	Chain of CHOs 
At RAN2#119bis it was discussed if the scheme, where the UE can be provided with CHO configurations for more than just the next HO, shall be supported in Rel-18 NTN. This has been described in our previous TDoc [3], see section 3.1. As in NTN, at least for Earth-moving scenario, the sequence of next serving cells can be predicted with high probability (assuming the UE does not move significantly, compared to the satellite coverage), we see value in preparing the UE for multiple cell hops in advance. This has been also confirmed during RAN2#119bis: “RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)”. It would be beneficial to check if the observation made at RAN2#119bis can be used somehow to improve the connected-mode or idle-mode mobility in NTN EMC.
Proposal 1: RAN2 is asked to study if the fact that the next serving cells can be largely predicted in NTN Earth-moving scenario can be used to improve the mobility performance – for both the network and the UEs.
One of the most challenging aspects of NTN mobility is temporary coverage. As shown in [4], the average time of stay in the NTN LEO cell in EMC is 5 seconds, despite large footprint of NTN cells. Thus, every few seconds there is a need to provide the UE with HO command.
Observation 1: In EMC (NTN LEO scenario) the UE is commanded to perform HO approximately every 5 seconds.
The problem of reaching the UE with HO command on-time is perhaps not as severe as it would be in small cells for demanding use cases, such as high-speed train. However, sending HO command to multiple UEs in the cell, every 5 seconds, also results in certain signalling overhead and the possibility of not commanding the UE before it loses the source cell link. In NTN scenario, though, this problem can be mitigated as the next serving cells are known in advance (as confirmed at RAN2#119bis).
Observation 2: In NTN LEO sending a HO command to the UE every ~5 seconds can be avoided if the UE is prepared in advance with CHO configurations for cells beyond the next cell change.
At RAN2#119bis there were opinions stating there is no gain anyway, as the UE obtains all those configurations via RRC signalling, so signalling load is modified – from being distributed almost equally among the set of serving cells to being associated with the first initiating cell that configures the UE with a series of CHO. This shift will occur, that is true. However, the configuration does not need to be excessive and delta signalling can be applied.
Observation 3: Delta configuration can be used to provide subsequent CHO configurations, to signalling overhead in the initiating serving cell does not have to be excessive.
There were also concerns raised at RAN2#119bis that resources will be reserved at the NW side unnecessarily long. This is true, but only if the reservations occur for all cells at the time of preparation. However, as the average time of stay in the cell can be estimated (as we have argued above and as it was described in [4]), it can be predicted since when the resources are needed in particular cell for a particular UE.
Observation 4: As the average time of stay in the cell can be estimated in NTN EMC, it can be predicted since when the resources are needed in particular cell for a particular UE.
Thus, based on the justification brought above, we suggest to support the scheme where the UE can be provided with CHO configurations for cells beyond the next cell change (future candidate cells).
Proposal 2: RAN2 is asked to study how the UE can be provided with CHO configurations for cells beyond the next cell change (future candidate cells).
2.2	Group HO, common HO parameters and pre-configuration
At RAN2#119bis the following decision has been made [1]:
	1.	Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefit



During the online discussion it was debated what are the actual gains of this approach. It was argued that the signalling overhead is reduced due to the group HO command. However, in our opinion HO is rather a UE-specific procedure and configuration. Thus, it remains unclear to us how this is done for a group of UEs in fact and how come they will share the same broadcasted or groupcasted configuration.
Observation 5: In group HO scheme it remains unclear how multiple UEs can use the same HO command which is considered to be a UE-specific configuration.
If the groupcast/broadcast is used just for triggering the actual cell change, while the pre-configuration occurs earlier, then we do not see where the signalling reduction gains are achieved. After all, each UE needs to be configured individually for HO.
Observation 6: There is no signalling reduction even if mobility preparation is divided into pre-configuration and subsequent indication to perform cell change. Each UE is anyway configured individually with HO command.
In our previous paper [3] we have already noticed that the problem which group HO is attempting to solve can be already addressed using CHO with time-based triggering. The network prepares multiple UEs in advance and can stagger those preparations to avoid signalling storm. Then, each UE will evaluate corresponding CHO execution conditions, including time-based condition which should reflect the serving cell’s switch-off time. The UE decides to start accessing the target when CHO-related conditions are met (i.e. no further signalling from the source cell is needed, unlike in proposed group HO scheme).
Observation 7: Time-based CHO triggering (defined in Rel-17) can achieve similar goal as proposed group HO scheme. Additionally, it does not require signalling to trigger the actual cell change.
Due to the aforementioned reasons, we suggest not to work on this solution, unless clear gains are shown.
Proposal 3: Group HO or HO command pre-configuration is not pursued as a part of Rel-18 NTN enhancements unless clear gains are shown.
2.3 	Keeping PCI after satellite switches
At RAN2#119bis the following has been agreed [1]:
	1.	RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 
· RAN1 impact
· The need to perform UL beam switching and/or RA 
· Applicability to hard or soft satellite switching



The proponents of this scheme argue that HO can be avoided if the same PCI is used after satellite switch. If the cells will use the same PCI then indeed the UE may not differentiate between those cells. However, the UE would anyway need to change the beam and perform RA.
Observation 8: If the PCI is reused after satellite switches, the UE may consider the cell remains the same. However, a Random Access to switch the beam is needed anyway. 
There are two clear cases to distinguish here:
· Cells hard-switching, where the previously serving cell is switched off before the next cell starts serving this area/UE. 
· Cells soft-switching, where the previously serving cell is switched off after the next cell starts serving this area/UE. 
Observation 9: For reusing PCI when satellite changes, there are two distinguishable cases: hard-switching and soft-switching.
For the hard-switching, the timing and Doppler values change. Thus, performing RACH is inevitable so that the UE does not experience RLF soon after the previous cell is switched off. Gains of this scheme depend on the length of the gap between the time when previous cell stops providing coverage and new cell starts serving the UE and shall be shown before RAN2 concludes this is worth pursuing.
For the soft-switching, the issue described above for hard-switching also applies. In addition, there may be a need to coordinate the exact resources used between those two cells in order to avoid the interferences between those cells and resource collisions.
Observation 10: There is a number of issues to resolve for reusing PCI after satellite switches, e.g. how to avoid RLF, the need to perform RA or inter-cell resource coordination. 
As can be seen above, the gains are a bit unclear while specification complexity seems to be non-negligible. Thus, we suggest the following:
Proposal 4: Reusing PCI after satellite switches is not pursued as a part of Rel-18 NTN, unless the gains are clearly proven and identified issues can be easily resolved.
3	Conclusion
In this document we have made the following proposals and observations:
Proposal 1: RAN2 is asked to study if the fact that the next serving cells can be largely predicted in NTN Earth-moving scenario can be used to improve the mobility performance – for both the network and the UEs.
Observation 1: In EMC (NTN LEO scenario) the UE is commanded to perform HO approximately every 5 seconds.
Observation 2: In NTN LEO sending a HO command to the UE every ~5 seconds can be avoided if the UE is prepared in advance with CHO configurations for cells beyond the next cell change.
Observation 3: Delta configuration can be used to provide subsequent CHO configurations, to signalling overhead in the initiating serving cell does not have to be excessive.
Observation 4: As the average time of stay in the cell can be estimated in NTN EMC, it can be predicted since when the resources are needed in particular cell for a particular UE.
Proposal 2: RAN2 is asked to study how the UE can be provided with CHO configurations for cells beyond the next cell change (future candidate cells).
Observation 5: In group HO scheme it remains unclear how multiple UEs can use the same HO command which is considered to be a UE-specific configuration.
Observation 6: There is no signalling reduction even if mobility preparation is divided into pre-configuration and subsequent indication to perform cell change. Each UE is anyway configured individually with HO command.
Observation 7: Time-based CHO triggering (defined in Rel-17) can achieve similar goal as proposed group HO scheme. Additionally, it does not require signalling to trigger the actual cell change.
Proposal 3: Group HO or HO command pre-configuration is not pursued as a part of Rel-18 NTN enhancements unless clear gains are shown.
Observation 8: If the PCI is reused after satellite switches, the UE may consider the cell remains the same. However, a Random Access to switch the beam is needed anyway. 
Observation 9: For reusing PCI when satellite changes, there are two distinguishable cases: hard-switching and soft-switching.
Observation 10: There is a number of issues to resolve for reusing PCI after satellite switches, e.g. how to avoid RLF, the need to perform RA or inter-cell resource coordination. 
Proposal 4: Reusing PCI after satellite switches is not pursued as a part of Rel-18 NTN, unless the gains are clearly proven and identified issues can be easily resolved.
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