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1	Introduction
Connected mode mobility for NTN has been discussed at RAN2#113 via offline thread [106], report available in [1]. There was virtually no decision taken as a result of this discussion. The sole agreement looks as follows:
	Agreements:
1.	Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.



After several rounds of discussion [2] at RAN2#113bis (April 2021), the following further agreements were made [3]:
	Agreements:
1.	Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.
2.	Working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers. This can be revised and a solution based on UTC/system frame number can be considered if problems are found (e.g. if the timer lacks accuracy due to RTT in NTN).
3.	The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g cell center or other) and how this is provided to the UE



The following was further decided at RAN2#114 (May 2021), report in [4]:
	1.	Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.
2.	The reference location for the event description is defined as cell center.
3.	For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.
4.	For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS
5.	CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.
6.	Same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility provided these are supported by the UE. NTN-TN means both “from NTN to TN (hand-in)” and “from NTN to TN (hand-in) and from TN to NTN (hand-out)". FFS for enhancements.



This paper provides Nokia’s further view regarding the mobility for Rel-17 NTN.
2	Discussion
2.1	Timing-related events for measurement report or CHO triggering
RAN2 eventually made a decision to use a time window, defined by [t1, t2] for triggering the CHO in NTN systems. The execution of CHO occurs within that time period only if all other associated conditions are also met (e.g. RSRP/RSRQ based). It has been agreed, even multiple times, that time-based event can be combined with radio signal level/quality based event (e.g. Ax, as defined in TS 38.331). However, that seems to be still left up to each individual implementation whether such events are configured jointly or time-based event is used solely. While we value the flexibility to use the components of configuration as per individual needs, we feel triggering CHO based on the time-related event, without checking radio conditions, seems to be too risky to be allowed (e.g. one can imagine the case target cell is temporarily in NLOS conditions while the time-based event triggers). It has been asked multiple times what is the specific use-case that would justify such setting, but the advocates of such flexibility were unable or unwilling to disclose the details. 
Observation 1: The use-case for configuring time-based event without radio-based event for CHO execution triggering remains unknown. 
As in our understanding the connected mode UE in NTN system will anyway be configured to measure, we see no massive gain in skipping the Ax event in setting the CHO execution criteria. 
Observation 2: The UE in RRC_CONNECTED will be anyway configured to measure the neighbouring cells, so there is no considerable gain when the UE does not evaluate the Ax event for CHO execution triggering in NTN.
There is no gain, but there may be a significant loss, if we allow the UE to just use the timing for CHO execution triggering. We see a large difference between measurement report triggering and CHO execution triggering. The former will just result in the measurement report sent to the network, based on which the network can take subsequent actions. The latter will lead to change of the cell. Associating such decision just with whether the time-based event has been fulfilled or not, is clearly a suboptimal behaviour. Thus, we propose the following:
Proposal 1: Time-based event for CHO execution triggering in NTN is always configured with radio-based event (e.g. Ax, as defined in NR RRC).
2.2	Location-related events for measurement report or CHO triggering
Recent RAN2 agreement states that the reference location in event description for CHO triggering in NTN is defined as cell center. In our understanding in LEO/MEO systems, the cell center would probably be equivalent to beam center (considering beam pointing direction, acceptable error margin, etc.).
Observation 3: In LEO/MEO, the cell center from RSRP/RSRQ point of view is likely to be determined by the corresponding satellite beam center location on Earth.
If the aim is to define a solution which would be applicable to all practical deployment scenarios, considering the highly-elliptical beam shapes and the difficulty to unambiguously define a beam/cell center, it may be justified to specify one or more reference points per cell, including the matching interpretation for each of the points. Otherwise, cell center would be given with large inaccuracy in some deployments which would be prone to beam footprint shape distortion. For example, the reference points can be placed along the major axis of the ellipse. If the ellipse turns out to be a circle, then all points collapse to a single point – the centre of the circle. 
Observation 4: A single reference point may be insufficient to reflect the cell center, especially when satellite beams are more elliptical than circular.
If it is widely acknowledged Rel-17 specification for NTN supports just an ideal scenario then relying on cell center reference point is fine. However, to make the system more versatile, we have the following suggestion:
Proposal 2: There are multiple reference points defined per cell to be jointly used for determining the cell center in NTN 
One of the FFSs from RAN2#114 was on the combination/joint configuration of reference point related to the source cell and target cell. That would allow the UE to compare the distance to reference point associated with the source cell with the distance to the reference point corresponding to each target cell. When the latter will become by offset shorter than the former, UE may trigger CHO execution (provided other associated conditions are also fulfilled). While this sounds a bit complex and we value simplicity wherever possible, we understand this may be actually helpful to resolve the problems discussed above (non-ideal beam footprint, inaccuracies in defining the beam/cell center, etc.). Thanks to computing the distance to two independent reference points (for source and target cell), the accuracy of assessing the UE location relative to source and target may be improved. Thus, we are positive towards allowing the combination of reference location for source and target in CHO execution triggering. 
Proposal 3:  The joint configuration of reference locations for source and target cell for CHO execution triggering in NTN is supported in Rel-17.
Similarly to what we have said in section 2.1, we propose to always combine the location-based event with radio based event.
Proposal 4: Location-based event for CHO execution triggering is always configured with radio-based measurement event (e.g. Ax).
The exact details how to link these events can be postponed until Stage-3 discussion (which to some extent is happening already now, as NR RRC running CR has been initiated). However, at least two options shall be considered (no such discussion occurred so far):
a) When a distance threshold relative to the reference point is exceeded, the UE starts evaluating the radio-based measurement event (e.g. Ax). CHO is triggered when the radio-based measurement event is met.
b) Radio-based and location-based measurement events are evaluated in parallel. CHO is triggered when the second execution condition is met while the first execution condition does not meet the leaving condition (similar to what has been defined for CHO in Rel-16 when two execution conditions are configured).
RAN2 is asked to consider at least these two options.
Proposal 5: RAN2 is asked to consider how to combine the location- and radio-based execution conditions for NTN CHO. 
2.3 	Chain of Conditional Handovers
One of the issues also briefly considered in [1] was whether the CHO commands shall be discarded after HO execution. The question was not precisely asked in [1], as the authors of [5], which was used as the main reference for that topic, clearly stated this is about the CHO commands for the future cells, not other candidates, to be considered in this CHO evaluation step. As in NTN 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 some value in preparing the UE for multiple cell hops in advance. 
Proposal 6: RAN2 is asked to support the mechanism, where the UE can be provided with CHO configurations for cells beyond the next cell change (future candidate cells). 
As shown in Fig. 1 a single satellite may provide coverage of several cells. UE is relatively static, at least compared to the velocity of the satellite, so it is quite likely the UE will be served by cell B directly after being served by cell A.
[image: ]
Fig. 1. Current serving and next prepared cells in the chain of CHOs
In such case, it would make sense if the UE is provided in advance with the cell-specific resources/configurations for one or more next serving cells. Such set of configurations can be also equipped with time validity, in order not to reserve too many resources on the network side much earlier than needed. The expected time of stay can be used for roughly assessing when each UE is expected to access subsequent CHO candidate cells.
Proposal 7: UE’s expected time of stay in the cell can be used for avoiding too early resource reservations.
When the UE accesses the next prepared cell (cell B in the example depicted in Fig. 1) it may inform the new serving cell of the presence of CHO chain configuration (e.g. in case the chain has not been properly propagated over the network nodes, including the UE’s unique identifier so that the subsequent cells are able to determine for which users the resources were reserved). That would allow the new serving cell to determine if the chain of CHO configurations is valid or the UE shall be perhaps reconfigured. 
Proposal 8: When accessing the new cell, UE may report it was configured with the chain of CHO configurations in one of the preceding cells.
2.4 TN – NTN service continuity
The area of Terrestrial Network’s (TN) interactions with NTN was briefly considered at RAN2#114. One of the discussed aspects concerned idle mode reselections between TN and NTN. Our understanding which we have already expressed in the past is that such procedure can be implemented using the existing set of priorities for IDLE mode. It seems to be a justified assumption the TN and NTN will operate in separate carriers/bands, so the assignment of priorities and sub-priorities can sufficiently serve the purpose. 
Proposal 9: In Release 17, the legacy priorities for IDLE mode are sufficient for cell reselections between TN and NTN.
Regarding TN-NTN for RRC_CONNECTED, it is simple to decide the same triggers as for intra-NTN can be used. However, it is somewhat weird or even not feasible that the UE will have to monitor the reference location of the target cell, when it wants to handover from NTN to TN cell (i.e. would there be any reference location for the TN cell?). Thus, not all combinations are necessarily needed. 
Observation 5: Not all CHO mechanisms defined for intra-NTN mobility are needed for TN->NTN or NTN->TN mobility. 
However, if the motivation of this decision was to ensure the full flexibility, while the actual use will depend on individual network configuration then it is acceptable. This shall be still discussed and confirmed in RAN2 what is the exact background and use case for some of the cases highlighted above. 
Proposal 10: The exact applicability of CHO mechanisms to TN <-> NTN individual use cases shall be assessed by RAN2.
3	Conclusion
This paper considered connected and idle mode mobility for NTN Rel-17. The following observations and proposals have been made:
Observation 1: The use-case for configuring time-based event without radio-based event for CHO execution triggering remains unknown. 
Observation 2: The UE in RRC_CONNECTED will be anyway configured to measure the neighbouring cells, so there is no considerable gain when the UE does not evaluate the Ax event for CHO execution triggering in NTN.
Proposal 1: Time-based event for CHO execution triggering in NTN is always configured with radio-based event (e.g. Ax, as defined in NR RRC).
Observation 3: In LEO/MEO, the cell center from RSRP/RSRQ point of view is likely to be determined by the corresponding satellite beam center location on Earth.
Observation 4: A single reference point may be insufficient to reflect the cell center, especially when satellite beams are more elliptical than circular.
Proposal 2: There are multiple reference points defined per cell to be jointly used for determining the cell center in NTN 
Proposal 3:  The joint configuration of reference locations for source and target cell for CHO execution triggering in NTN is supported in Rel-17.
Proposal 4: Location-based event for CHO execution triggering is always configured with radio-based measurement event (e.g. Ax).
Proposal 5: RAN2 is asked to consider how to combine the location- and radio-based execution conditions for NTN CHO. 
Proposal 6: RAN2 is asked to support the mechanism, where the UE can be provided with CHO configurations for cells beyond the next cell change (future candidate cells). 
Proposal 7: UE’s expected time of stay in the cell can be used for avoiding too early resource reservations.
Proposal 8: When accessing the new cell, UE may report it was configured with the chain of CHO configurations in one of the preceding cells.
Proposal 9: In Release 17, the legacy priorities for IDLE mode are sufficient for cell reselections between TN and NTN.
Observation 5: Not all CHO mechanisms defined for intra-NTN mobility are needed for TN->NTN or NTN->TN mobility. 
Proposal 10: The exact applicability of CHO mechanisms to TN <-> NTN individual use cases shall be assessed by RAN2.
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