


3GPP TSG-RAN WG2 Meeting #113bis Electronic	R2-2103335
Elbonia, 12 – 20 of April 2021	


Agenda item:	8.10.3.3
Source:	Nokia, Nokia Shanghai Bell
Title:	On connected mode mobility for NTN
WID/SID:	NR_NTN_solutions-Core - Release 17
Document for:	Discussion and Decision
1	Introduction
Connected mode mobility for NTN has been discussed at RAN2#113 via offline thread [106], report available in [1]. Unfortunately, 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.



This paper provides Nokia’s 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] 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 remains FFS how the time or timer is actually defined. There may be various aspects to consider here:
· Absolute time
· Timer
· Time range
Additionally, this time-related information can be either related to the source cell or target cell. Eventually, the applicability may be different, depending on the scenario: the solution may be feasible in Earth-fixed cells scenario, but may not work well in Earth-moving (EMC) NTN beams.
Proposal 1: The design of time based event for NTN considers at least the following aspects: NTN scenario, time definition and whether it is related to source or target cell.
In most 3GPP use cases, when time needs to be employed in the procedure, a timer is defined and configured appropriately per UE. The easiest approach would be to follow this approach, but for NTN use case it may not be so obvious and straightforward, at least due to the following reasons:
· Despite high velocity of the satellites (e.g. 7.5 km/s) it may still take several seconds until the target cell becomes available, which would lead to relatively long timers, run in parallel for multiple candidate cells
· A mechanism would be needed to verify the validity of the timer (value it is configured with) which would take into account the possible wrong estimation done by the NW or UE’s significant movement
· In Earth-moving scenario (EMC) the gNB would need to know each UE’s position to set the timer individually and with the sufficient accuracy
Observation 1: The need to obtain the information on the UE location is not an issue for quasi-Earth-fixed cells scenario.
If RAN2 decides to adopt the timer approach, the timer shall indicate since when the target cell can be accessed (i.e. when the UE can trigger the CHO execution towards associated cell). However, due to the uncertainties described above, this timer-based triggering can only occur provided that the related radio-based measurement (i.e. Ax) is fulfilled simultaneously.
Proposal 2: Introduce the timer-based event, which should indicate since when the target cell can be accessed. Timer-based event triggers the CHO only if related radio-based measurement (i.e. Ax) is fulfilled simultaneously.
The exact details can be postponed until Stage-3 is discussed for NTN. However, these events may be combined in a similar way two execution conditions for CHO Rel-16 have been introduced.
Proposal 3: Timer- and radio-based execution conditions for NTN CHO can be combined in a similar way as defined for CHO Rel-16. To be decided when Stage-3 is pursued.
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.



A similar open issue, as was considered above for the time-based triggering, exists for using location in the CHO or measurement report triggering. In [1] multiple definitions of location were considered:
· Distance between the UE and the satellite
· Distance between the UE and the cell center (either serving or the target)
· Difference in the distance between the UE to its serving cell center and the UE to the target cell center
All of these options require complex and continuous calculations and may not be sufficient alone (i.e. without checking the radio measurements in addition). It sounds counter-intuitive to allow the UE to trigger the CHO based solely on the location criteria being fulfilled, irrespective of whether the radio conditions confirm the relevance of taking such step. 
Observation 2: Location-based event requires complex calculations of UE’s position versus satellite/cell center (both the satellite (and cell center location in EMC) move very fast) while not being sufficient to trigger alone the mobility event.  
As argued above, the notion of radio measurements needs to be employed in the decision to trigger CHO/measurement report, either directly (in the form of separate event, such as Ax) or by scaling appropriately the offsets used in the inequalities applied when evaluating entry criteria. 
The use of the distance between the UE and the cell center (serving or target) is not optimal on its own, because it would not take into account potential blockage (i.e. non-line of sight conditions) and also not satellite movement. For example, this is an issue when the UE has more than one candidate target cell configured. Figure 1 provides an illustration of a scenario, where the UE at time t1 may determine that neighbour cell 2 is closer than neighbour cell 1, while at time t2 neighbour cell 1 is closer than neighbour cell 2 due to the satellite movement. 
[image: ]
[bookmark: _Ref67473871]Figure 1 Example of earth-moving cells moving from north to south. The UE (red triangle) is aware of cell center locations for the serving cell and the two neighbour cells.
If the UE does not take the impact of earth-moving cells into account it may first send a measurement report (or trigger a handover) about neighbour cell 2 and shortly thereafter trigger a new measurement report (or trigger a handover) about/to neighbour cell 1. In the case of regular handover, where measurement reports are used, the network could simply decide not to ask the UE to handover to neighbour cell 2, knowing that neighbour cell 1 will soon be the better option, but there would still be a cost in terms of UE signalling and energy consumption. If conditional handover is used, the UE may perform two handovers: from serving cell to neighbour cell 2 and then to neighbour cell 1 in a very short period of time, also leading to increased signalling and energy consumption. It may also happen that the UE after handing over to neighbour cell 2 experiences an RLF, before it is able to handover to neighbour cell 1
Observation 3: using instantaneous distance metric between UE and cell center may lead to unnecessary handovers and even RLFs.
However, the UE may not determine the instantaneous distance to the cell centers of the two target cells, but how the distance is changing (i.e. the delta between the distance between UE and a cell at time t1 and t2 in Figure 1). By doing so, the UE could observe that the neighbour cell 2 is actually moving away from the UE, while neighbour cell 1 is approaching. 
Observation 4: using a distance change metric enables the UE to determine whether target cells are moving towards/away from the UE. 
As previously noted, it is paramount to not consider distance metrics as standalone, but in combination with radio measurements. Therefore, the distance change can be converted to an offset parameter, which can be applied in the relevant measurement event, e.g. A3. Such an offset may also depend on whether the target cell is on the same satellite as the serving cell or not, since handover to a different satellite will be more complex. 
Observation 5: A distance change metric can be used as an offset parameter in radio measurement events (Ax).
2.3 Combination of events
It is widely discussed (e.g. in [1] and [2]) 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 4: 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, brings 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 if whether the radio conditions for the target cell are good enough. Thus, we propose the following:
Proposal 5: 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 [3], 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 hops in advance. The details of such procedure can be discussed later, when RAN2 progresses with more basic aspects of CHO for NTN, but it shall not be excluded at this stage of the work
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). 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:
Proposal 1: The design of time based event for NTN considers at least the following aspects: NTN scenario, time definition and whether it is related to source or target cell.
Observation 1: The need to obtain the information on the UE location is not an issue for quasi-Earth-fixed cells scenario.
Proposal 2: Introduce the timer-based event, which should indicate since when the target cell can be accessed. Timer-based event triggers the CHO only if related radio-based measurement (i.e. Ax) is fulfilled simultaneously.
Proposal 3: Timer- and radio-based execution conditions for NTN CHO can be combined in a similar way as defined for CHO Rel-16. To be decided when Stage-3 is pursued.
Observation 2: Location-based event requires complex calculations of UE’s position versus satellite/cell center (both the satellite (and cell center location in EMC) move very fast) while not being sufficient to trigger alone the mobility event.  
Observation 3: using instantaneous distance metric between UE and cell center may lead to unnecessary handovers and even RLFs.
Observation 4: using a distance change metric enables the UE to determine whether target cells are moving towards/away from the UE. 
Observation 5: A distance change metric can be used as an offset parameter in radio measurement events (Ax).
Proposal 4: 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 5: 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 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). Details of the procedure can be left FFS. 
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