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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, 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



This paper provides Nokia’s further view regarding the measurements and triggering of CHO for Rel-17 NTN.
2	Discussion
2.1	Timing-related events for measurement report or CHO triggering
One of the topics that was heavily debated in [1] and also at RAN2#113bis was whether to introduce new events and if those shall be combined with other existing events. As per the decisions taken in November 2020, the following time-based events and combinations thereof are supported:
	1.	Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.



It has been concluded at RAN2#113bis that time is defined as ‘the time after which the UE is allowed to execute CHO to the candidate target cell’. RAN2 has also reached a working assumption (WA), stating that ‘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’. At RAN2#113bis it has been claimed that timer may be lacking accuracy, e.g. due to a large Round Trip Time (RTT) encountered in NTN. It is true that large RTT is inherent in NTN, especially in case of GEO, but that is expected to be predictable & known to the network which should be able to compensate it. This should be in particular doable in case of RRC_CONNECTED, where the UE and gNB are synchronized, so it shall be known how to set the timer, considering the RTT of the system.
Observation 1: For the UEs in RRC_CONNECTED the serving gNB knows how to set the configurable timer, considering the RTT in NTN systems.
Based on the aforementioned reasoning, we propose the following:
Proposal 1: Confirm the RAN2#113bis working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers.
The timer indicates the time after which the UE is allowed to execute CHO to the candidate target cell. However, this timer-based triggering can only occur provided that the related radio-based measurement (i.e. Ax), configured for the same candidate PCell, is fulfilled as well. We do not constrain these two conditions need to be met simultaneously. How to exactly associate them can be further discussed and concluded even as late as during Stage-3 phase of the WI. Our intention is to say the timer-based execution condition for CHO needs to be always configured in combination with radio measurement based condition (e.g. Ax event).
Proposal 2: Timer-based event for CHO execution 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, but at least two options may be considered:
a) When the timer expires UE starts evaluating the radio-based measurement event (e.g. Ax). CHO execution is triggered when the radio-based measurement event is met.
b) Radio-based and timer-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 conditions are configured)
RAN2 is asked to consider at least these two options.
Proposal 3: RAN2 is asked to consider how to combine the timer- and radio-based execution conditions for NTN CHO.
2.2	Location-related events for measurement report or CHO triggering
In November 2020 also the location-based events have been agreed for NTN, as per the following decisions:
	3.	Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.
4.	The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.



RAN2#113bis decided that ‘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)’. However, the following aspects remain FFS:
a) what the reference location of the cell is (e.g. cell center or other)
b) how this is provided to the UE
The cell center was questioned in [3] due to the difficulty in defining where such center actually is, depending on the cell footprint shape, etc. Thus, it is safer to say each cell may have a reference location. In any case, we understand the term ‘reference location of the cell’ indicates a location on the Earth and not e.g. at the satellite.
Proposal 4: RAN2 is asked to confirm a reference location of the cell, used for location-based CHO execution triggering, indicates a location on Earth surface, within cell coverage.
In general, such reference location of a cell could be provided as a part of System Information (SI).. However, for CHO the UE may need to be provided with such information for each candidate cell (e.g. in HO command). If that does not occur, the UE would have to read each candidate target cell’s SI prior to CHO execution evaluation.
Proposal 5: Reference location of the cell used for CHO execution triggering purposes should be given in RRC Reconfiguration (HO command).
Regardless of how the discussion above is concluded, we also propose the following:
Proposal 6: Location-based event for CHO execution triggering is always configured with radio-based measurement event (e.g. Ax).
Similar to the time-based solution, the exact details how to link these events can be postponed until Stage-3 discussion, but at least two options may be considered:
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 7: RAN2 is asked to consider how to combine the location- and radio-based execution conditions for NTN CHO.
2.3 	Combination of events
It is widely discussed (e.g. in [1] and [4]) whether the events can be combined or used in standalone manner. We have briefly shared our opinion already in the preceding subparagraphs and at previous RAN2 meeting, but here we would like to reiterate some key aspects. First of all, we would like to emphasize the CHO/measurement report triggering in NTN shall not be done without considering radio measurements (e.g. based on UE’s location or the timing alone). It is highly expected the UE will conduct radio measurements, especially when in RRC_CONNECTED, so we are not aware whether there is indeed a big burden to expect the UE evaluates also appropriate Ax events. Please also note that radio conditions will vary a lot (e.g. due to LOS/NLOS factors and fading) for each UE, so a HO based on the distance/timing alone may be susceptible to failure.
Proposal 8: Timer- or location-based events for NTN are either linked in the specification with radio measurements based events (e.g. Ax) or always configured jointly with radio measurements based events (e.g. Ax).
Another aspect related to the combination, discussed in [1], was whether time-based event can be used jointly with the location-based event. In our view the use case for such particular combination remains vague. Even though using location and timing to assess if the CHO/measurement event shall be triggered, may bring extra reliability compared to using each of them alone, this setting is still deprived of what is the most important in the wireless networks – radio measurements. In our understanding, the location or time can be used as an extension of the existing events – a sort of additional verification, but never instead, as what primarily matters is whether the radio conditions for the target cell are good enough from the UE’s perspective. Thus, we propose the following:
Proposal 9: Timer-based event cannot be combined with location-based event for the same CHO candidate cell evaluation criteria. Any of these shall be always linked with the radio measurement based events.   
2.4 	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. The details of such procedure can be discussed later, when RAN2 progresses with more basic, single-step, aspects of CHO for NTN, but it shall not be excluded at this stage of the work.
Proposal 10: 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). Details of the procedure can be left FFS. 
3	Conclusion
This paper considered connected mode mobility for NTN Rel-17. The following observations and proposals have been made:
Observation 1: For the UEs in RRC_CONNECTED the serving gNB knows how to set the configurable timer, considering the RTT in NTN systems.
Proposal 1: Confirm the RAN2#113bis working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers.
Proposal 2: Timer-based event for CHO execution is always configured with radio-based measurement event (e.g. Ax).
Proposal 3: RAN2 is asked to consider how to combine the timer- and radio-based execution conditions for NTN CHO.
Proposal 4: RAN2 is asked to confirm a reference location of the cell, used for location-based CHO execution triggering, indicates a location on Earth surface, within cell coverage.
Proposal 5: Reference location of the cell used for CHO execution triggering purposes should be given in RRC Reconfiguration (HO command).
Proposal 6: Location-based event for CHO execution triggering is always configured with radio-based measurement event (e.g. Ax).
Proposal 7: RAN2 is asked to consider how to combine the location- and radio-based execution conditions for NTN CHO.
Proposal 8: Timer- or location-based events for NTN are either linked in the specification with radio measurements based events (e.g. Ax) or always configured jointly with radio measurements based events (e.g. Ax).
Proposal 9: Timer-based event cannot be combined with location-based event for the same CHO candidate cell evaluation criteria. Any of these shall be always linked with the radio measurement based events.   
Proposal 10: 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). Details of the procedure can be left FFS. 
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