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1	Introduction
The following WI objective has been agreed for Rel-18 NTN WI [1]:
	4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements
This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.
 Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]



At RAN2#121 (February 2023) the following NTN-related agreements on connected-mode mobility were made [3]:
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.





The following agreements have been made made at RAN2#121bis [4]:
	On Common (C)HO signalling:
· Postponed to the next meeting. Proponents need to show how this would work (when/where the information is broadcast, whether the UE (C)HO command is sent before/after the broadcast signalling, etc.). Focus on the quasi-Earth Fixed Cell case.



	Agreements:
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, unless major technical issues are identified by RAN1 (as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18)
2.	Remove the part in brackets “as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18” in the LS to RAN1. The action to RAN1 will also ask for feedback for the hard satellite switch (not only the soft satellite switch case), e.g. action to RAN1 is to see if there are any major technical issues (as in the agreement).



In this paper we provide our further thoughts on common HO signalling and CHO enhancements. 
2	Common (C)HO signalling and CHO configuration beyond the next cell change

The following agreements have been made made at RAN2#121bis [4]:
	On Common (C)HO signalling:
· Postponed to the next meeting. Proponents need to show how this would work (when/where the information is broadcast, whether the UE (C)HO command is sent before/after the broadcast signalling, etc.). Focus on the quasi-Earth Fixed Cell case.



In the offline e-mail discussion (report in R2-2304248) arguments in favor (i.e. some identical HO information, predictable handovers at least in EFC) and against (i.e. delta signaling already available, increased overhead due to frequent transmission, issues with maximum SIB size, minimal reduction of overhead) are summarized.
It can be seen from the discussion in R2-2304248 [5], that the studied scenario highly influences the potential gains. This includes quasi-Earth Fixed Cell and Earth-moving cell cases, as well as the number of UEs that should be handed over simultaneously. Comparing the scenarios, in quasi Earth-fixed cell, there is one target cell replacing the old cell for the whole area at the same time (maybe except at the cell border if the coverage of the source and target cell are not 100% identical, e.g. due to beam shaping issues), whereas in Earth-moving cells there can be different target cells for different areas of the original cell (depending on the cell pattern). In quasi Earth-fixed cell, all users in the cell have to be handed over at (approximately) the same time (which can be a high number, considering large cell footprint), whereas in the Earth-moving cell case, this is distributed over time.
Observation 1: The handover load and timing are very different in quasi Earth-fixed cell and Earth-moving cell scenarios.
As stated in the email discussion [5], one controversial point is the expected signaling reduction gain, considering delta configuration on the one hand and how often the common HO information is broadcast together with the remaining dedicated HO messages, on the other hand. How often the common HO information is broadcast depends in turn on the scenario. In the quasi-Earth fixed cell case, it might be sufficient to do it shortly before the cell switch, while in the Earth-moving cell case, UEs are constantly coming and leaving, hence the common HO signaling needs to be more frequent. 
Observation 2: How often the common HO information is broadcast depends in turn on the scenario – Earth-moving or quasi-Earth fixed cell.
Observation 3: In the quasi-Earth fixed cell case, it is sufficient to broadcast common HO parameters shortly before the cell switch, while in the Earth-moving cell case where the UEs are constantly coming and leaving, common HO signaling needs to be sent more frequently.
Nevertheless, instead of broadcasting common HO information to reduce the signaling load, the already specified CHO can be used as well, without any further changes. The CHO allows to preconfigure the UEs with the upcoming cells individually and well ahead  before the handover is executed. The UE can then execute the handover as soon as the conditions are met without further HO command. In addition, by using delta configuration the size of the CHO command can be further reduced. Therefore, the gain of common HO signaling compared to the existing solutions is minimal.
Observation 4: The gain of common HO signaling over CHO with delta configuration is minimal, if any.
Proposal 1: RAN2 does not specify mechanisms for common HO signaling in Rel-18 NTN.
In addition, the signaling can be further reduced by considering configurations for more than just the next HO. 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), the signaling can be reduced if the UE is prepared for multiple cell hops in advance.
As shown in [2], 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. 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 5: 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 only the signalling distribution 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 6: Delta configuration can be used to provide subsequent CHO configurations, so 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), it can be predicted since when the resources are needed in particular cell for a particular UE. This could work similarly to time-based CHO where the UE is expected to start using target cell resources no sooner than within the window [T1, T2].
Observation 7: 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 and support how the UE can be provided with CHO configurations for cells beyond the next cell change (future candidate cells).
3	Location-based CHO for Earth-moving cells
At RAN2#121 the following decision has been made for connected mode [3]:
	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 [3]:
	Agreements:
1. In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
1. 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).
1. For cell selection/reselection, location-based measurement initiation is supported in earth-moving cells.



and during RAN2#121bis the following further decisions have been made [4]:
	1.	RAN2 understands that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements.
2.	For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
3.	For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.



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 8: 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. This has been also confirmed at RAN2#121bis [4].
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 3: 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).
For the CHO in EMC to work, not only the current serving/source cell’s reference location shall be calculated, but also the target’s reference location. There can be one or multiple target cells for CHO.
Observation 9: CHO in EMC requires the UE to calculate also how the target cell’s reference location moves over time. There might be multiple CHO candidates.
RAN2 should decide how the UE is provided with the target cell’s reference location (e.g. via CHO command). 
Proposal 4: For CHO in EMC, RAN2 decides how the UE acquires each CHO candidate cell’s reference location.  
4	Conclusion
In this document we have made the following proposals and observations:
Observation 1: The handover load and timing are very different in quasi Earth-fixed cell and Earth-moving cell scenarios.
Observation 2: How often the common HO information is broadcast depends in turn on the scenario – Earth-moving or quasi-Earth fixed cell.
Observation 3: In the quasi-Earth fixed cell case, it is sufficient to broadcast common HO parameters shortly before the cell switch, while in the Earth-moving cell case where the UEs are constantly coming and leaving, common HO signaling needs to be sent more frequently.
Observation 4: The gain of common HO signaling over CHO with delta configuration is minimal, if any.
Proposal 1: RAN2 does not specify mechanisms for common HO signaling in Rel-18 NTN.
Observation 5: 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 6: Delta configuration can be used to provide subsequent CHO configurations, so signalling overhead in the initiating serving cell does not have to be excessive.
Observation 7: 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 and support how the UE can be provided with CHO configurations for cells beyond the next cell change (future candidate cells).
Observation 8: 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 3: 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 9: CHO in EMC requires the UE to calculate also how the target cell’s reference location moves over time. There might be multiple CHO candidates.
Proposal 4: For CHO in EMC, RAN2 decides how the UE acquires each CHO candidate cell’s reference location.  
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