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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 trigge rs 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.



Finally, the relevant agreements from RAN2#115 (August 2021) are as follows [5]: 
	1.	The following event is supported: condEvent L4: Distance between UE and the PCell’s reference location becomes larger than absolute threshold1 AND the distance between UE and the Conditional reconfiguration candidate becomes shorter than absolute threshold2.
	FFS other options
2.	Specify hysteresis and time to trigger for the location event for RRM and CHO
3.	Timing information from RRCReconfiguration message in RRC running CR is removed
4.	UE is allowed to perform HO only during T1 to T2
Agreements via email - from offline 103 second round:
1.	RAN2 adopts Option 1: UTC time + duration/timer, e.g. 00:00:01 + 40s for representing T1 and T2 for CHO time event.
2.	RAN2 adopts options C: location and RRM and D: time and RRM to be configuration options for CHO
3.	RAN2 down priorities further enhancements for connected mode for Rel-17 for TN-NTN mobility	
4.	RAN2 continue discussing the exact solution for TN priorization over NTN for idle mode	



This paper provides Nokia’s final view regarding the mobility for NTN and what still shall be addressed in Rel-17.
2	Discussion
2.1	Timing-related enhancements for feeder link switch and EFC handovers
As a natural result of the transparent architecture a feeder link (FL) switch will lead to a handover of all UEs in the cell connected through the source feeder link to the cell with the new feeder link within short time. Two cases exist:
1. Soft feeder link switch: The old and new cell exist simultaneously for some time, as the satellite is connected to both feeder links and thus both the cells for a period of time. 
2. Hard feeder link switch: The old feeder link is disconnected before the new feeder link is added as the satellite only can have one feeder link at a time. 
EFC handovers have the same characteristics as the FL switch described above and one can observe the same two cases:
1. The old and new cell exist simultaneously for some time, as the new satellite is at an elevation angle that it can take over the earth fixed cell area, before the old satellite cannot provide that coverage anymore
2. The old and new cell do not exist simultaneously, meaning the old cell disappears before the new cell appears.
Observation 1: EFC handovers and feeder link switching have two cases with very similar characteristics.
Looking at the second case for both scenarios (break-before-make) there will be a gap in the availability of the network as the source cell disappears before the target cell appears. Conditional handover can be configured and if the gap is short enough the UEs will be able to make handovers provided the number of RACH opportunities in the target cell is high enough. However, if the gap is too large an RLF may happen, even though the new cell may be available just after. This can be avoided if the UEs know when the new cell will be available. Furthermore the cell search for UE can be made simpler if also the elevation and azimuth angles of the satellite through which the new cell is transmitted, is available. Such information could be provided by the serving cell to the UEs prior to the cell switch.
Proposal 1: RAN2 to discuss whether the time and potentially elevation and azimuth angles of the new cell is available should be provided to the UEs or whether T1 in the conditional CHO configuration can be interpreted such and thus can be used to avoid an RLF.
2.2 Using time to distribute the UEs in CHO	
Due to the constant movement of the cells (in EMC) or when FL switch happens, multiple UEs need to be handed over during a short time interval, in between the time when the new cell becomes available, and the current cell disappears (which can be roughly represented by the time window [t1, t2]). Considering a limited amount of random access resources, to mitigate the collisions in RA attempts, it would be desirable to spread in time this group access to the target cell. One of the factors that can be taken into the account is UE’s movement direction relative to the satellite.  The satellites in LEO system move with a very high speed of up to 7.5 km/s. In this case, the maximum UE’s movement of 1000 km/h leads to a difference in the coverage time per cell of up to 300 ms if the UE moves against or with the satellite direction. One may say this is a very small time period and shall not be even considered. However, if this value is compared with the duration of HO which typically is equal to tens of ms, it is evident UE distribution is still possible to certain extent. This grouping can be done as basically shown in Fig. 1
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Fig. 1. Time distribution of HOs for UEs moving with and against the satellite
UEs that have been identified to be moving with the satellite can be handed over in the first order, within the time window [t1, t2]. UEs moving against the satellite direction are instructed to change the cell last, withing the time window [t3, t4].
Observation 2: UEs distribution in time during CHO can be related to the motion direction with respect to the satellite’s movement. 
The question that remains is how to ensure this distribution. This may be further considered in RAN2, if the problem described above is found to be valid. One of the options is to perform such assessments at the NW side. However, that would require continuous monitoring of each UE’s movement vector and velocity. Alternatively, the UE may be given CHO execution conditions related to movement directions and the selection can be done by the UE semi-autonomously. 
Proposal 2: RAN2 is asked to consider how to distribute in time CHO commands taking into the account the UE’s movement direction with respect to the satellite’s movement. 
2.3	Location-related events for measurement report or CHO triggering for discontinuous transmission
In [5] it was agreed that:
· 1.	The following event is supported: condEvent L4: Distance between UE and the PCell’s reference location becomes larger than absolute threshold1 AND the distance between UE and the Conditional reconfiguration candidate becomes shorter than absolute threshold2.
· FFS other options
As we have previously noted in [9] it is important to consider not only the location, but also the radio conditions (i.e. measurements) to account for potential blockage, leading to non-line of sight conditions. 
Furthermore, as LEO satellites move a condition, which only takes into account the cell’s reference location at a single point in time, could lead to suboptimal selection of a target cell, if the UE has more than one candidate cell configured. Figure 2 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. If the UE does not consider the earth-moving cells’ behavior it may first send a measurement report/trigger CHO for neighbor cell 2 and within relatively short time then also a measurement report/trigger CHO for neighbor cell 1. 
Observation 3: using the cells’ reference location as an instantaneous metric can lead to unnecessary measurement reports/CHOs in the earth-moving cell scenario  
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[bookmark: _Ref67473871]Fig. 2 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 instead monitors the cells’ movement, e.g. by calculating how the UE to reference location distance changes within a short period of time, the UE would be able to determine that neighbor cell 2 is not the optimal choice for handover, because it is moving away from the UE. 
Observation 4: determining the UE to reference location distance change over time enables the UE to select between candidate cells.
As noted in the beginning of this section it is important to consider radio conditions and location-based observations in a combined fashion. One approach could be to convert the distance change value to an offset parameter, which can be applied in the configured measurement event, i.e. it would be an additive value just like the offset and hysteresis parameters. 
Observation 5: the UE to reference location distance change over time value can be applied as an offset parameter in radio measurement event evaluation.
In [5] it was concluded that:
· RAN2 specifies support combination of serving and target cell reference location is supported for location report trigger event and for CHO location trigger
First of all this trigger can naturally be combined with radio conditions as also concluded in the last RAN2 meeting. However, in the case of discontinuous transmission, the distance between the serving and target cell may be very far apart and separated by an area without connectivity. Naturally the radio conditions would fail. However, if the gap in discontinuous coverage is relative short it may be beneficial to keep the connection alive, in a sleep mode, and continue as soon as coverage from the target cell appears. Therefore we would like to propose the following:
Proposal 3: RAN2 to discuss how long time a UE can keep its connection alive without RLF if a next cell is close based on the location of the reference point. 
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 [6], 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. The topic was not discussed in detail during RAN2#115 (see [7]). However, 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 4: 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. 2 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.
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Fig. 3. 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 5: 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. 2) 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 6: When accessing the new cell, UE may report it was configured with the chain of CHO configurations in one of the preceding cells.
We are aware the time until the end of Rel-17 is scarce, while RAN2 has few other more urgent things to address. However, we feel this kind of approach is an attractive and efficient addition to NTN system specifically. Thus, if not supported in Rel-17, shall be seriously considered in the follow-up work (e.g. Rel-18, whose scope is currently debated). 
2.5 Minimizing CHO execution latency in NTN and enhancing event A4 entering and leaving criteria
In [1] following was agreed:
· Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.
In [4] following was agreed:
· For CHO, joint configuration of location and RSRP as well as time and RSRP are supported.
· 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.
· 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.
And in [5] following was agreed:
· Specify hysteresis and time to trigger for the location event for RRM and CHO
· UE is allowed to perform HO only during T1 to T2

The results of system simulation of NTN scenarios [8] shows that HO failures are lower when the HO margin (CIO) and Time-To-Trigger (TTT) are configured low and the best achievable performance is reached when CIO and TTT are both set to 0, however this results into considerable increase in Radio Link Failures (RLFs). Analysis of the results indicate that the mobility performance is dominated by HOs happening too late when the serving cell radio link is too weak. 
Due to the long propagation delays in NTN, the RTT over satellite radio interface (Uu) could range between 10 to 20ms (based on altitude of the satellite between the UE and the network and the speed of satellite movement i.e. 7.5 km/s relative to Earth). 
Given that it is agreed for NTN to use a combination of CHO trigger events and RSRP measurements and/or RRM events for CHO execution, coupled with the requirement, the UE needs to perform HO only during the configured T1 and T2; for the case event A4 is monitored along with configured CHO trigger conditions, it is found beneficial to enhance the A4 entering and leaving condition in a way that the latency between the UE and the network is partially compensated. 
This could be achieved by allowing the network to configure additional parameters (e.g. toffset) in measObjectNR based on its knowledge of expected propagation delay; where ‘toffset’ indicates the time RSRP of target cell is offset dB better than the source cell. Based on the slope of measured RSRP of consecutive measurements, the UE can estimate the ‘toffset’, and can pre-emptively send the HO command to the target cell when the configured CHO trigger conditions are met. Thus, the Uu latency in NTN is partially compensated and the too late HOs could be controlled, which further aid in minimizing RLFs, while ensuring UE performs HO well within the configured T1 and T2.
Proposal 7: RAN2 to discuss the solution approach outlined here to compensate the HO execution latency and to enhance the event A4 entering and leaving criteria.
2.6 TN – NTN service continuity 
In [5] the following was concluded:
· RAN2 continue discussion about Option 2 and 3. FFS details and whether one or both could be supported
· Option 2 Indicate in system information of TN or NTN cell or both, the need to prioritize TN in the area the NTN/TN cells are covering. FFS, if prioritizing happens in measurement stage, cell ranking, or prior to selecting the suitable cell.

· Option 3 Broadcast in system informtion a TN or NTN specific offset to be applied to RSRP measurement result for cell quality. 

It is our understanding that TN and NTN will operate in separate carriers/bands and as we have already expressed in the past using the existing set of priorities for IDLE mode can ensure prioritization of either system. 
Proposal 8: In Release 17, the legacy priorities for IDLE mode are sufficient for cell reselections between TN and NTN.
Also, with respect to this area, the following has been proposed by one of the companies [5]:
Neighbouring RAT/frequencies/cell from a certain region will be broadcasted in one group, hence a UE has detected neighbours in one group does not need to search neighbours indicated by another group
However, this scenario can be also addressed with the frequency carrier separation and what is suggested in P6.
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 6: 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 9: 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: EFC handovers and feeder link switching have two cases with very similar characteristics.
Proposal 1: RAN2 to discuss whether the time and potentially elevation and azimuth angles of the new cell is available should be provided to the UEs or whether T1 in the conditional CHO configuration can be interpreted such and thus can be used to avoid an RLF.
Observation 2: UEs distribution in time during CHO can be related to the motion direction with respect to the satellite’s movement. 
Proposal 2: RAN2 is asked to consider how to distribute in time CHO commands taking into the account the UE’s movement direction with respect to the satellite’s movement. 
Observation 3: using the cells’ reference location as an instantaneous metric can lead to unnecessary measurement reports/CHOs in the earth-moving cell scenario  
Observation 4: determining the UE to reference location distance change over time enables the UE to select between candidate cells.
Observation 5: the UE to reference location distance change over time value can be applied as an offset parameter in radio measurement event evaluation.
Proposal 3: RAN2 to discuss how long time a UE can keep its connection alive without RLF if a next cell is close based on the location of the reference point. 
Proposal 4: 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 5: UE’s expected time of stay in the cell can be used for avoiding too early resource reservations.
Proposal 6: When accessing the new cell, UE may report it was configured with the chain of CHO configurations in one of the preceding cells.
Proposal 7: RAN2 to discuss the solution approach outlined here to compensate the HO execution latency and to enhance the event A4 entering and leaving criteria.
Proposal 8: In Release 17, the legacy priorities for IDLE mode are sufficient for cell reselections between TN and NTN.
Observation 6: Not all CHO mechanisms defined for intra-NTN mobility are needed for TN->NTN or NTN->TN mobility. 
Proposal 9: The exact applicability of CHO mechanisms to TN <-> NTN individual use cases shall be assessed by RAN2.
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