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1. Introduction
In this paper, we share some further consideration on CHO in NTN, including the configuration of time(r) based execution conditions, the relationship of multiple execution conditions and signaling optimization for the case when conventional HO command overrides a CHO command.
2. [bookmark: _Toc12718547]Discussion
2.1. Configuration of the time(r) based CHO triggering event
The following agreements have been made in RAN2#113bis-e on the time(r) based CHO triggering event [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.
· 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).
In addition to the first agreement, having the timing information describing the time after which UE cannot access candidate target cell (i.e. the end time of a target cell) would also be useful considering the following aspects:
· If the time based event is configured together with radio measurement based event for a candidate target cell and the candidate cell turns into a triggered cell when both time and radio measurement based event are fulfilled, having a end time would be helpful in UE power saving as there would be no need for UE to perform measurements on the candidate target cell if the end time is passed. If we allow time based event to be configured alone for a candidate target cell, a end time would anyway be needed as a candidate target cell would not be available forever.
· Currently, UE select one of the triggered cells as the selected cell if more than one triggered cell exists. If the valid time duration of a candidate target cell is provided, UE can take it into consideration in implementation and select a cell with longer valid time so that the cell change would happen less frequently.
· From NW’s perspective, with the end time configured for each candidate target cell, NW would have more flexibility to distribute UE among cells for load balancing as well as reducing the HO rate. 



Figure 1: An example of cell change due to satellite movement
As shown in the above example, UE is served by cell#0 in T0 and NW would configure cell#1 and cell#2 as candidate CHO target cells for UE. Cell#1 would be available for UE access from T1-T3 while cell#2 would be available for UE access from T2-T4 (T4 is sometime after T3 and is not reflected in the above figure).The expected UE behaviors under different configuration are give below:
	CHO configuration
	The expected UE behavior

	Case 1
	Candidate Cell#1: start time T1
Candidate Cell#2: start time T2
	T1-T2: UE perform CHO to cell#1
T2-T3: UE perform CHO to cell#1 or cell#2
T3-T4: UE perform CHO to cell#2

	Case 2
	Candidate Cell#1: start time T1 + end time T2
Candidate Cell#2: start time T2 + end time T4
	T1-T2: UE perform CHO to cell#1
T2-T3: UE perform CHO to cell#2
T3-T4: UE perform CHO to cell#2

	Case 3
	Candidate Cell#1: start time T1 + end time T3
Candidate Cell#2: start time T2 + end time T4
	T1-T2: UE perform CHO to cell#1
T2-T3: UE perform CHO to cell#1 or cell#2
T3-T4: UE perform CHO to cell#2


For case 1, since the cell#1 and cell#2 would be available for UE access from T2-T3 and UE may treat both of them as triggering cells and select either one of them. Cell#1 may also be selected by UE between T2-T3 while it may have already been overloaded and the remaining valid time is quite limited and UE may need to perform another HO or CHO shortly. But for case 2, with end time of each candidate target cell configured, NW can lead UE to cell#2 between T2-T3 so that load on cell#1 can be controlled while UE can stay in one cell for a longer time.
With the above benefits identified in both UE and NW side, we have the following proposal:
Proposal 1: Timing information in CHO execution triggering for NTN also describes the time after which UE cannot access candidate target cell (i.e. the end time of a candidate target cell).
Regarding the working assumption on using a timer or timers to express the timing information for CHO execution triggering in NTN, we still have concerns and would prefer to use UTC time instead. 
Usually, when a timer is configured, UE will start the timer upon reception of the configuration. Timers are widely defined and used in NR mainly because the transmission delay between UE and the RAN node in NR can be ignored but this is not the same case in NTN as the transmission delay cannot be ignored anymore and we have already spent some time on timer extension or delay the start of some timers in UP session. If the timing information for 	CHO execution triggering in NTN is configured via timer(s), NW has to take the transmission delay between UE and NW into consideration. From UE’s perspective, it has to maintain a timer for each candidate target cell and there can be up to 8 timers to maintain at the same time. 
UTC solution is actually much easier to both NW and UE. NW can provide the valid time range of each candidate target cell based on the cell deployment and the prediction of satellite movement. Since UE is able to obtain UTC time via SIB9, it would also be able to understand the UTC time configured for each candidate target cell.
Proposal 2: The timing information for CHO execution triggering in NTN is defined in the form of UTC time.
Proposal 3: Down select from the following solutions to configure the timing information for CHO execution triggering in NTN:
· Solution 1: Two thresholds of the UTC time to indicate the start and end time of the candidate cell.
· Solution 2: A start UTC time with a duration to indicate the valid time range of the candidate cell.
2.2. The relationship of multiple execution conditions
With the progress we made so far for NTN, we will have the following execution conditions:
· The existing R16 CHO execution condition (A3/A5/A3+A5/A5+A5/A3+A3)
· The A4 in NTN
· The location based CHO triggering event
· The time(r) based CHO triggering event
Per our understanding, it is possible to configure one or more of these execution conditions for a single candidate cell and the relationship between these execution conditions can either be “and” or “or”. For example, A4 and location based CHO triggering event can be configured for the same candidate cell and the CHO will be triggered when both of the conditions are fulfilled (i.e. “and” between A4 and location based CHO event). For the same candidate cell, a A3 like CHO execution condition can also be configured and the CHO will be triggered when either the A3 like condition or the A4+location like condition is fulfilled (i.e. “or” between A3 like execution condition and A4+location like execution condition).
To allow sufficient flexibility in NW configuration and also for UE to understand the relationship of the execution conditions, the relationship among different CHO execution conditions (i.e. “and” or “or”) should also be provided.
Proposal 4: The relationship (i.e. “and” or “or” ) among different CHO execution conditions, i.e. the R16 execution condition A3/A5, the newly introduced A4, location based condition, and time(r) based condition in NTN, should be configurable by the network and should be indicated to UE in CHO configuration. 
2.3. Conventional HO command overrides a CHO command
Time(r) based CHO has been acknowledged by a lot of companies to be an efficient solution for mobility handling when feeder link switch happens, which we also agree. However, we understand there might be some cases that the feeder link happens earlier than predicted and NW sends HO command even though UE has already been provided with the CHO command but has not performed CHO yet.
In this case, the network can simply include the information identifying the CHO candidate cell (e.g. PCI or candidate cell index) in the handover command since the UE has stored the candidate cell configuration. In other words, the other configuration, including e.g. the cell specific parameters and the UE specific parameters can be omitted thus the signaling overhead can be reduced significantly. With the reduction of the payload size, the reception failure of the handover command can be reduced, which would in return reduce the RLF rate and handover failure rate. 
Thus, we understand if the network wants to trigger a conventional handover to one of the configured CHO candidate cells, one target cell indication (e.g. candidate cell identity or index) can be included in the conventional HO command and UE should apply the corresponding condRRCReconfig.
Proposal 5: If the network wants to trigger a conventional handover to one of the configured CHO candidate cells, one target cell indication (e.g. the candidate cell identity or index) can be included in the conventional HO command and UE should apply the corresponding condRRCReconfig.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Configuration of the time(r) based CHO triggering event
Proposal 1: Timing information in CHO execution triggering for NTN also describes the time after which UE cannot access candidate target cell (i.e. the end time of a candidate target cell).
Proposal 2: The timing information for CHO execution triggering in NTN is defined in the form of UTC time.
Proposal 3: Down select from the following solutions to configure the timing information for CHO execution triggering in NTN:
· [bookmark: _GoBack]Solution 1: Two thresholds of the UTC time to indicate the start and end time of the candidate cell.
· Solution 2: A start UTC time with a duration to indicate the valid time range of the candidate cell.
The relationship of multiple execution conditions
Proposal 4: The relationship (i.e. “and” or “or”) among different CHO execution conditions, i.e. the R16 execution condition A3/A5, the newly introduced A4, location based condition, and time(r) based condition in NTN, should be configurable by the network and should be indicated to UE in CHO configuration. 
Conventional HO command overrides a CHO command
Proposal 5: If the network wants to trigger a conventional handover to one of the configured CHO candidate cells, one target cell indication (e.g. the candidate cell identity or index) can be included in the conventional HO command and UE should apply the corresponding condRRCReconfig.
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