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1	Introduction
At RAN2#121 (February 2023) the following NTN-related agreements on connected-mode mobility were made [1]:
Common HO configuration and CHO in EMC
	Agreements:
1.	Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.
2.	For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location



Location-based CHO for Earth-moving cells
	Agreements:
For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location.



RACH-less HO
	Agreements:
1.	Support RACH-less Handover in Rel-18.
2.	RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition
3.	In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
4.	Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario.



Hard satellite switch without PCI change
	Working Assumption: 
1.	In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.



2	Discussion
2.1 	Group HO, Common HO Configuration and Chain of CHOs 
At RAN2#121 the following decision was agreed [1] :
	Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.



During previous discussions it was debated what are the actual gains of group HO and broadcast of common HO parameters. Regarding the group HO command, it was argued that the signalling overhead is reduced. However, in our opinion HO is rather a UE-specific procedure and configuration. It remains unclear to us how this is done for a group of UEs in fact and how they may share the same broadcasted or groupcasted 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. In our previous paper [2], we suggested not to work on these solutions unless clear gains are shown. In this paper, we reiterate the same opinion.
Proposal 1: Group HO or HO command pre-configuration is not pursued as a part of Rel-18 NTN enhancements unless clear gains are shown.
In RAN2#121 meeting it was proposed to modify UE-dedicated HO signaling by including common HO configuration elements in system information. For instance, some proponents argued that certain IEs, such as ServingCellConfigCommon can be delivered to the UEs using SIB. This could avoid signaling each UE with common information in a dedicated way. We understand the potential benefits of this approach, but we are not sure how this is doable, for potential multiple neighbour cells. Please consider SIB19 allows to signal neighbour cell information for up to 8 cells. It is a bit difficult to imagine the network broadcasts in a large NTN cell the ServingCellConfigCommon IE for eight neighbour cells and all UEs within the coverage of this cell receive it (even if just a single configuration or none at all may be eventually used by each of those UEs).
Proposal 2: Before deciding to support common HO parameters signalling, RAN2 discusses if it is practical to broadcast in a large NTN cell e.g. ServingCellConfigCommon IE for up to eight neighbour cells.
Another option to reduce signalling overhead is the adoption of chain of CHOs. At RAN2#120 it was briefly 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 was well described in previous TDoc [3] (Section 3.1). In EMC-based NTN, the sequence of future 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. One of the challenging aspects of EMC is frequently occurring HOs and their corresponding high signalling load. In NTN, this problem can be mitigated as subsequent candidate cells are well known. 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. 
Proposal 3: RAN2 to adopt chain of CHOs to reduce signalling load related to future target cells preparations.
2.2 	Location-based CHO for Earth-moving cells
At RAN2#121 the following decision has been made for connected mode [1]:
	For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location.



While the following was agreed on cell re-selection:
	Agreements:
1. In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
2. A serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).
3. For cell selection/reselection, location-based measurement initiation is supported in earth-moving cells.



For cell reselection in Earth-moving cells (EMC) deployments, it has been agreed that the UE can acquire from the system information the serving cell’s reference location and the corresponding distance threshold. For location-based CHO, the agreement was to follow the same solutions.
The UE can make use of the serving/target cell reference location and the corresponding threshold to anticipate when the serving cell will stop serving the area. Due to moving nature of EMC, cells’ reference location is continuously changing which means that the reference location in system information might become outdated unless the network signals this information very frequently (which increases signalling overhead and UE energy consumption).
Observation 1: As the cells in EMC move, cells’ reference location is continuously changing and reference location in system information might become outdated unless the network signals this information very frequently.
In our view, the UE can propagate over time the cells movement based on SIB information, i.e., satellite ephemeris, cell reference location and epoch time. Furthermore, the UE can also estimate the movement of the target cell’s reference location. However, the specification should ensure that the UE is equipped with the right information to make the calculations.
Proposal 4: UE is expected to avoid frequent acquisitions of serving cell/target cell’s reference location because it propagates the cells movement over time based on satellite information (e.g. ephemeris).
Even though for EMC cases a UE configured with a location-based trigger should continuously update the cells reference location, this is not the case for other scenarios such as EFC-based LEO and GEO. For such cases, a UE could be configured with a location-based trigger but there is no need for the UE to continuously update the reference location. Thus, the UE can detect that it is camping in a moving cell – via implicit or explicit network indication - to propagate cells reference location over time.  
Observation 2: The UE knows how cells reference location propagates over time based on system information.
To know if the cell is EFC or EMC type, the UE may check if t-Service is present in SIB19.
Observation 3: UE may check if t-Service is present in SIB19 to tell if the cell is of EFC or EMC type.
2.3	RACH-less handover
At RAN2#121 the following decision has been agreed [1]:
	1.	Support RACH-less Handover in Rel-18.
2.	RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition
3.	In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
4.	Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario.



In the last RAN2#121 meeting was agreed to support RACH-less HO, which is based on the working principle of LTE’s RACH-less handover for terrestrial networks. This agreement set a general scope, without specifying whether the RACH-less concept shall be only combined with the CHO procedure, i.e., baseline HO mechanism for NTN. Can the RACH-less concept be combined with CHO for NTN? What does it change from RACH-less HO to RACH-less CHO? 
Proposal 5: RAN2 to discuss the scope of RACH-less in Rel-18. In particular, can it be combined with CHO for NTN?
According to recent LS response from RAN1, RACH-less HO is possible for intra-satellite and intra-gateway scenario and may be possible also in other scenarios. Based on this response RAN2 agreed in the last meeting to support RACH-less handover in Rel-18. However, some issues were left to be decided such as how the UE is provisioned with the TA of the target cell. In our view, for intra-satellite handover with same feeder link, the UE could re-use the TA value, so no explicit indication from the network would be required. Despite there is no implicit indication in system information, the UE can infer that target cell belongs to the same satellite based on, e.g., neighbour cells ephemeris contained in SIB19 and common delay parameters. 
Proposal 6: For intra-satellite and intra-gateway scenarios, the UE can determine (e.g. using ephemeris) that handover is executed within the same satellite and gateway conditions and reuses the TA value.  
For the rest of scenarios, i.e. inter-satellite and/or different feeder link, there is no way for the UE to infer the new TA value, so the network needs to explicitly indicate this value, e.g., as part of the HO command.
Proposal 7: For other scenarios than intra-satellite with the same FL, the UE cannot infer the new TA value and explicit network indication is needed.  
As shown above, in the last RAN2#121 meeting, it was agreed that RACH-less HO is supported for NTN as well as it requires L3 mobility, i.e., a handover event takes place with the corresponding target cell preparation, RRC signalling and RACH procedure. On the other hand, the unchanged PCI concept is based on avoiding L3 mobility while it performs a seamless cell switch off/on. In our view, how the RACH-less HO is combined with the unchanged PCI approach (if agreed) is unclear and RAN2 should discuss its feasibility.
Observation 4: RACH-less handover is a L3 mobility procedure while the unchanged PCI is supposed to be a lower layer procedure.
Proposal 8: RAN2 to clarify whether and how RACH-less handover can be combined with unchanged PCI approach.
2.4 	Keeping PCI after satellite switches
At RAN2#121 the following working assumption was made [1]:
	In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.



With this scheme the HO could be avoided if the same PCI is used after hard satellite switch. If the cells will use the same PCI then indeed the UE may not differentiate between those cells. However, during the satellite switching, the timing and Doppler values unavoidably change.
Observation 5: During the satellite switching, the timing and Doppler values unavoidably change.
Gains of this scheme may depend on the length of the gap between the time when previous cell/satellite stops providing coverage and new cell/satellite starts serving the UE. Performing RACH is inevitable after the previous cell is switched off. Another aspect to consider is the RLF management. If cell switching time is negligible, i.e., new cell coverage appears immediately after switch off, RLF could be avoided but that would require extensive network synchronization/coordination. Timers and counters of this mechanism could be extended to avoid RLF declaration during cell switching but that could impact the mobility performance of those UEs under poor radio conditions. Furthermore, the proposal might impact backwards compatibility with Rel-17 UE, i.e., it is unclear how these UEs would behave and e.g. will they have other values of the timers/counters, etc.
Observation 6: There are several specification issues to resolve for reusing PCI after satellite switches, e.g., UL/DL synchronization, inter-cell resource coordination, RACH, RLF avoidance, backwards compatibility with Rel-17 UE.
As stated above, there are several issues to resolve for reusing PCI after satellite switches and their specification complexity seems to be non-negligible. Thus, we suggest the following:
Proposal 9: Before agreeing to support unchanged PCI solution, RAN2 should clarify how to address the following issues: need for RACH and RLF management, UL/DL synchronization, inter-cell resource coordination, and backwards compatibility with Rel-17 UE.
3	Conclusion
This document has made the following proposals and observations:
Proposal 1: Group HO or HO command pre-configuration is not pursued as a part of Rel-18 NTN enhancements unless clear gains are shown.
Proposal 2: Before deciding to support common HO parameters signalling, RAN2 discusses if it is practical to broadcast in a large NTN cell e.g. ServingCellConfigCommon IE for up to eight neighbour cells.
Proposal 3: RAN2 to adopt chain of CHOs to reduce signalling load related to future target cells preparations.
Observation 1: As the cells in EMC move, cells’ reference location is continuously changing and reference location in system information might become outdated unless the network signals this information very frequently.
Proposal 4: UE is expected to avoid frequent acquisitions of serving cell/target cell’s reference location because it propagates the cells movement over time based on satellite information (e.g. ephemeris).
Observation 2: The UE knows how cells reference location propagates over time based on system information.
Observation 3: UE may check if t-Service is present in SIB19 to tell if the cell is of EFC or EMC type.
Proposal 5: RAN2 to discuss the scope of RACH-less in Rel-18. In particular, can it be combined with CHO for NTN?
Proposal 6: For intra-satellite and intra-gateway scenarios, the UE can determine (e.g. using ephemeris) that handover is executed within the same satellite and gateway conditions and reuses the TA value.  
Proposal 7: For other scenarios than intra-satellite with the same FL, the UE cannot infer the new TA value and explicit network indication is needed.  
Observation 4: RACH-less handover is a L3 mobility procedure while the unchanged PCI is supposed to be a lower layer procedure.
Proposal 8: RAN2 to clarify whether and how RACH-less handover can be combined with unchanged PCI approach.
Observation 5: During the satellite switching, the timing and Doppler values unavoidably change.
Observation 6: There are several specification issues to resolve for reusing PCI after satellite switches, e.g., UL/DL synchronization, inter-cell resource coordination, RACH, RLF avoidance, backwards compatibility with Rel-17 UE.
Proposal 9: Before agreeing to support unchanged PCI solution, RAN2 should clarify how to address the following issues: need for RACH and RLF management, UL/DL synchronization, inter-cell resource coordination, and backwards compatibility with Rel-17 UE.
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