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[bookmark: _Ref165266342] Introduction
In previous RAN2 meetings, the following agreements on CHO for NTN have been reached.
RAN2 #112e [1]
Agreements
1. Reconfiguration with sync is the baseline for connected mode mobility in NTN (the use of legacy RLF and re-establishment mechanism are not excluded)
2. The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. 
3.	NTN specific CHO execution condition can be further discussed.
4.	The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.
5.	Legacy SSB periods (as in TN) shall be supported in NTN

Agreements via email - offline 105:
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.
2. DAPS HO for NTN is de-prioritized in this release.
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#113e [2]
Agreements:
1. Support A4 event for NTN CHO. FFS whether other triggers needs to be combined with this.
RAN2#113bis-e [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
RAN2#114e [4]
Agreements via email (from offline 104):
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.

Agreements online:
1. For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.
2. For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS

Agreements via email (from offline 104 - second round):
1. [bookmark: _Hlk78448137][bookmark: OLE_LINK13]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.
2. 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.

In this contribution, we will further discuss CHO related aspects for NTN, and provide our proposals to address the remaining issues on this topic.
 Discussion
 Time-based CHO
RAN2 has made some progress on time-based CHO through discussions in previous meetings, but there are still some remaining issues that need to be further discussed as listed below:
· Issue 1: Clarification on t2;
· Issue 2: How to define the time duration [t1, t2]: timers vs. absolute time values;
· Issue 3: Time-based CHO during RRC connection re-establishment.
[bookmark: _Hlk78533122]In the rest of this section, the above issues are discussed one by one with corresponding perspectives proposed.
· Issue 1: Clarification on t2
The following agreements have been made in RAN2#114e meeting [4]: 
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.
From another agreement in RAN2#113bis-e [3], “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”, the meaning of t1 is now very clear and is understood as the time after which the UE is allowed to execute CHO to the candidate target cell. However, the exact meaning of t2 is still not crystal-clear from our perspective. Basically, in the above agreement in the box it only says that the UE shall execute the CHO to a candidate cell during the associated time duration [t1,t2]. However, considering that the execution of CHO itself may last for a while due to mainly the random access to the target cell, it is still not clear whether t2 indicates:
1. the latest time when the UE is allowed to trigger CHO on the candidate cell; or 
2. the latest time when the UE is required to complete CHO, if carried out on the candidate cell. 
Due to the possibility of multiple random access attempts, it is not easy to predict when handover can be completed. Therefore, it may not be easy for the NW to configure such a time value to limit when handover needs to be completed on a target cell. Also, if it is the second interpretation above, we may face more standard impacts. For example, when the UE starts CHO within the [t1, t2] duration, but fails to complete CHO before t2 expires, what should the UE do towards the ongoing CHO (e.g. terminating the ongoing random access, new failure event defined or others)? 
By contrast, we do not see a big problem to follow interpretation 1 above, so propose to clarify that t2 indicates the latest time when the UE is allowed to trigger CHO on the candidate cell. In other words, the UE cannot initiate CHO on a candidate cell, if the t2 associated with that candidate cell has been passed.
Proposal 1: RAN2 to clarify that t2 indicates the latest time when the UE is allowed to trigger CHO on the associated candidate cell.
· Issue 2: How to define the time duration [t1, t2]
Although there was a working assumption to adopt timer/timers to define this [t1, t2] duration in RAN2 #113b-e [3], it is still allowed to revisit this working assumption if there is an issue detected, e.g. due to the large RTT in NTN. Regarding this WA, we actually have concerns about the timer solution and would prefer to use the absolute time value instead. Timers are widely defined and used in TN, with one main reason that the transmission delay between UE and the RAN node in TN can usually be ignored, thus not having big impact on the accuracy/alignment on the understanding of timer status between the UE and NW. However, this is not the case in NTN, as the propagation delay can be very large and cannot be ignored anymore. If the timing information for CHO execution trigger in NTN is configured via timer(s), NW has to take the propagation delay between UE and NW into consideration when configuring corresponding parameters. This may not only lead to the difficulty for the NW to figure out a proper value, but also result in the risk for misalignment between the UE and NW on the timer status, which can lead to potential problems. 
[bookmark: _GoBack]Actually, for the configuration of [t1, t2] there can be two other options which do not depend on a timer as list below:
· Option 1: Two absolute time values: one absolute time (e.g., UTC) to indicate the start time (i.e., t1) and the other to indicate the end time (i.e., t2) of the candidate cell.
· Option 2: An absolute time value and a time offset: an absolute time value (e.g., UTC) to indicate the start time (i.e., t1) and a time offset to indicate the valid time range (i.e., the time length from t1 to t2).
In contrast to any timer-based solution, absolute-time-based solutions as above are actually much simpler for NW configuration, and can avoid misalignment between the UE and NW on timer status. NW can provide the time range of each candidate target cell based on the cell deployment and the prediction of satellite movement. In addition, compared to option1, option 2 is preferred from the view of signaling overhead.
Proposal 2: An absolute time value and a time offset can be used to describe [t1, t2]. An absolute time value (e.g., UTC) to indicate the start time (i.e., t1) and a time offset to indicate the valid time range allowing the UE to trigger CHO on the associated candidate cell (i.e., the length of time from t1 to t2).
· Issue 3: Time-based CHO during RRC connection re-establishment
As we know, Rel-16 CHO enables a mechanism that allows a second attempt on the CHO candidate cells after failure happens: during RRC connection re-establishment, if the selected cell is a CHO candidate cell and if NW configures the UE to try CHO after failure (i.e. attemptCondReconfig), then the UE has one more chance to attempt CHO execution on the selected cell (TS 38.331, 5.3.7.3 [5]). 
For the CHO in NTN, we think this design should be inherited. On top of that, since the time duration [t1, t2] of a candidate cell is the time range that the NW allows the UE to perform CHO on the candidate cell, it should also be considered when the UE decides whether it can execute CHO on the selected cell after failure, in case attemptCondReconfig is configured. More specifically, we understand that the original motivation to introduce such a time-based CHO scheme is to enable the NW to distribute the handover of a huge number of UEs to different time for execution, in the case of feeder link switch, so as to avoid the handover of these UEs to be executed at the same time, leading to potential overload to the neighbour cell(s). In this sense, it seems not appropriate for the UE to disregard the restriction of this time duration for a candidate cell, even for the CHO attempt after the failure during RRC re-establishment, because this means that the UE goes against the intention on load balancing of the candidate cell (which may then reject the access attempt from the UE, resulting in further handover failure).
To this end, we propose that the time trigger event should also be considered for the CHO attempt during RRC connection re-establishment procedure, in case attempCondReconfgiuration is configured.
Proposal 3: The time-based CHO trigger event, i.e. [t1, t2], of each candidate cell should also be considered, when the UE decides whether it can apply the CHO configuration of the selected cell during RRC connection re-establishment (in case attempCondReconfiguration is configured).
 Location-based CHO
How to specify the location-based trigger events is still unclear for now. According to the previous discussions, the location-based trigger events are based on the distance between the UE and the serving cell reference location or the candidate target cell reference location; whether combination can be allowed is FFS. Since the events are used to trigger CHO, we think only A3-like and A5-like need to be considered as in the legacy way. The potential options for location trigger events are listed as follows.
· Option 1 (A3-like): Distance between the UE and conditional reconfiguration candidate cell reference location becomes offset smaller than that between the UE and the serving cell reference location;
· [bookmark: _Hlk78537459]Option 2 (A5-like): Distance between UE and serving cell reference location is greater than absolute threshold 1, and distance between UE and conditional reconfiguration candidate cell reference location is smaller than another absolute threshold 2.
It can be seen that both serving cell reference location and the candidate cell reference location need to be provided to the UE, regardless of whether option 1 or option 2 is used. Also, it is up to the NW configuration to decide whether a conditional reconfiguration can have A3-like, A5-like or both configured.
Proposal 4: Both serving cell reference location and the candidate target cell reference location need to be provided to the UE.
Proposal 5: Apply the following A3-like and A5-like events for the location-based trigger event for CHO:
· Distance between the UE and conditional reconfiguration candidate cell reference location becomes offset smaller than that between the UE and the serving cell reference location;
· Distance between UE and serving cell reference location is greater than absolute threshold 1, and distance between UE and conditional reconfiguration candidate cell reference location is smaller than another absolute threshold 2.
 Conclusions
Based on the analysis given above, we have the following proposals:
Proposal 1: RAN2 to clarify that t2 indicates the latest time when the UE is allowed to trigger CHO on the associated candidate cell.
Proposal 2: An absolute time value and a time offset can be used to describe [t1, t2]. An absolute time value (e.g., UTC) to indicate the start time (i.e., t1) and a time offset to indicate the valid time range allowing the UE to trigger CHO on the associated candidate cell (i.e., the length of time from t1 to t2).
Proposal 3: The time-based CHO trigger event, i.e. [t1, t2], of each candidate cell should also be considered, when the UE decides whether it can apply the CHO configuration of the selected cell during RRC connection re-establishment (in case attempCondReconfiguration is configured).
Proposal 4: Both serving cell reference location and the candidate target cell reference location need to be provided to the UE.
Proposal 5: Apply the following A3-like and A5-like events for the location-based trigger event for CHO:
· Distance between the UE and conditional reconfiguration candidate cell reference location becomes offset smaller than that between the UE and the serving cell reference location;
· Distance between UE and serving cell reference location is greater than absolute threshold 1, and distance between UE and conditional reconfiguration candidate cell reference location is smaller than another absolute threshold 2.
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