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1 Introduction
In RAN#86 meeting, a new WID was approved to enable NR to support non-terrestrial networks (NTN) [1]. And the mobility enhancement in connected mode is included in objectives as below:
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.

The following agreements have been achieved in the previous meetings:
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.

Agreements:

1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.
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 contribution is the revised based on the latest agreements made in RAN2#113bis-e, we try to discuss some remaining discussion points for completing CHO design in NTN.
2 Discussion
To deal with potential late handover and handover failure, gNB sends conditional handover command early than usual, and when the handover trigger condition is fulfilled UE starts handover execution automatically. 
We first go over the basic design of CHO, then analyse new triggers, i.e. time/timer based CHO and location based CHO, and other enhancements related to CHO are also covered in this paper. 
2.1 CHO background

CHO can be divided into three parts, i.e. configuration, evaluation and execution. 

The configuration signalling structure is illustrated in Fig.1. In a conditional reconfiguration signalling, several candidate target cells are provided for potential handover. One or two triggers can be included for one candidate cell, but two trigger events should aim to the same MeasObject, and condEvent is limited to event A3/A5.
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Figure 1. CHO configuration structure

Regarding evaluation procedure, if only one MeasId is configured and when the entry condition is fulfilled, UE will consider the target candidate cell as a triggered cell; if two MeasIDs are configured, when the entry conditions for the two events are fulfilled at the same time, UE will consider the target candidate cell as a triggered cell.

If there is only one triggered cell, UE applies the stored handover command immediately. And if more than one triggered cell exist, it is up to UE implementation to select the final target cell. 
2.2 Time based CHO trigger
The timer based CHO trigger has been agreed as a working assumption, and the timing information is used to describe the time after which the UE is allowed to execute CHO to the candidate target cell.
Time based CHO trigger event is similar to the timer based CHO trigger event. The difference is the network can configure a time stamp to describe the CHO execution timing [4], e.g. using UTC format or system frame number. And the UE can achieve the UTC synchronization via SIB9, and derive the system frame number from SSB. When the pre-configured exact timing is reached, the time based condition is fulfilled.
One reason to support absolute time based CHO trigger besides timer based solution, is that considering the long RTT between UE and gNB in NTN, and potential retransmission as needed to cope with not good enough radio environment, it is likely the starting point of the timer is quite delayed than expected, then the real CHO execution timing has to be postponed as well, which makes this timer based solution not so accurate. So the absolute time based solution can be adopted as a complementary way.

Proposal 1: RAN2 to adopt absolute time based new CHO trigger, i.e. based on UTC or system frame number.
2.3 Location based CHO trigger
Regarding the location based CHO trigger, companies have provided some solutions, and key part is to determine if UE is in coverage of neighbour cell and out of coverage of serving cell.
In RAN2#113bis-e meeting, it has been agreed to use the distance between the UE and the reference location of the cell (serving cell or the target cell). And one FFS is about the definition of this reference location.
The idea about location based trigger is to provide the cell coverage information to UE, then UE can determine if it is in the coverage of current serving cell or out of coverage[3][4][6], and decide if a CHO should be triggered. 
But we need to point out one thing that the beam foot print may not always be a circle or an ellipse, it depends on the satellite implementation and sometimes the foot print is not even a regular shape. In this case, it’s hard to illustrate it only by a circle or an ellipse. So even if the assistance information on a similar shape is broadcasted, UE can only calculate a coarse timing, but not the accurate enough timing. Based on this understanding, and also in order to make this solution simple, cell centre coordinates and cell radius for a circle foot print [2][4] can be provided. In case there are multiple beams for a NTN cell, a coordinate list of beam centres and beam radius can be provided by network.
Proposal 2: the reference point of cell could be cell centre or a list of beam centres, and beam radius is also provided by network.

2.4 If new measurement event is defined?
For new CHO triggers, some new CHO execution conditions need to be defined. 
As for UTC time/Timer based CHO triggers, no extra measurements are needed, so a direct condition could be specified, such as:

Condition 1: when UE local time has passed pre-configured UTC time.
Condition 2: when timer expires.
In terms of the location based CHO trigger quantity, the situation is more like the remaining serving time. And companies have provided some exemplary measurement events:
Event X1: location based measurement event (when the relative distance between the UE and the satellite is larger than a threshold) [5]

Event X2: entry condition is that the distance between UE and the cell centre of the candidate target cell is offset shorter than the distance between UE and cell centre of PCell. [3]
Event X3: entry condition is that the distance between UE and the cell centre of PCell becomes longer than absolute threshold1 AND the distance between UE and the cell centre of the candidate target cell becomes shorter than another absolute threshold2. [3]
Proposal 3: RAN2 to discuss which type of signalling is defined for time/location related new CHO triggers:

Option 1: single condition, as a supplement to current execution condition;

Option 2: new specific measurement event.

2.5 AND/OR
Some initial discussion on how the legacy and new execution conditions work together has been done in [7][8], but no agreements were made by now. After the clarification of each execution condition, it is necessary to further discuss how to make them work together. Currently we have two solutions on table, i.e. “AND” and “OR”.

At first a prerequisite is that in current ASN.1 the legacy execution condition is a must-have. The specification is as below.
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It means no matter if new CHO trigger is configured, the legacy CHO trigger should be provided by network. 
If “AND” principle is applied, the UE performs CHO execution only when all execution conditions are fulfilled. Some candidate combinations have been provided in [5]:
Combination 1: location based (when the relative distance between the UE and the satellite is larger than a threshold) event trigger and event A2;
Combination 2: location based (when the relative distance between the UE and the satellite is larger than a threshold) event trigger and event A4.
If “OR” principle is applied, location based/time based CHO triggers can work alone, but considering the legacy CHO trigger is already configured, so we need to specify when new CHO execution condition is configured UE has to ignore the RSPR/RSRQ based execution condition. And one reason to allow “OR” principle is to support more network flexibility, when network can guarantee the target cell is available only one CHO trigger can also make UE perform handover successfully. Since we already have the agreement to support “AND” principle, the left discussion point is whether to support “OR” principle.
Proposal 4: RAN2 to discuss whether to allow new CHO trigger to work alone.

2.6 Per UE/Per candidate cell
Some discussion has been initiated in [7][8] about whether new CHO trigger is defined per UE or per candidate cell. According to the CHO signalling structure, if it is defined per UE, it is configured per “RRCReconfig->conditionalReconfig”, as NewTrigger #1 in Fig.3; and if it is defined per candidate cell, it is configured per “RRCReconfig->conditionalReconfig->CondReconfigID”, as NewTrigger #2 in Fig.3.
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Figure 3. CHO signalling structure with new triggers
We see some benefits for both options. When the NewTrigger is relevant to current serving cell, e.g. a UTC time is configured and when it passes the UTC timing it means UE is out of serving cell’s coverage. In this case it could be configured per UE and considered as a common starting point for evaluation of other execution conditions. And when the NewTrigger is relevant to candidate target cell, e.g. a time range is configured and when it is during the time range it means UE is in the coverage of neighbour cell. In this case it would be better to provide this configuration per candidate cell.

Proposal 5: RAN2 to discuss how to configure new CHO triggers:

Option 1: per UE;
Option 2: per candidate target cell;

Option 3: when it is relevant to current serving cell, it is configured per UE;

Option 4: when it is relevant to candidate target cell, it is configured per candidate cell.

2.7 Triggered cell selection
According to current specification, if trigger conditions associated to a candidate target cell are fulfilled, it is considered as a triggered cell and the conditional reconfiguration execution will be initiated. But if more than one triggered cell exists, it is up to UE implementation which one to select. 

Based on the ephemeris information, UEs can derive the moving direction and moving speed of serving cell or neighbour cells. In moving beam scenario, UE can further derive the remaining serving time with the knowledge of beam foot print. 

So in NTN scenario, especially moving beam cases, in order to reduce handover frequency it would be better to select a triggered cell with the longest remaining serving time. And RAN2 can discuss if further enhancement needs to be specified.
Proposal 6: RAN2 to discuss how to select target cell when multiple triggered cells exist:

Option 1: it is still up to UE implementation which cell to select;

Option 2: to specify UE selects the triggered cell with the longest remaining serving time.
3 Conclusion

In this contribution, we discuss some details about CHO in NTN and have the following proposals:

Proposal 1: RAN2 to adopt absolute time based new CHO trigger, i.e. based on UTC or system frame number.

Proposal 2: the reference point of cell could be cell centre or a list of beam centres, and beam radius is also provided by network.

Proposal 3: RAN2 to discuss which type of signalling is defined for time/location related new CHO triggers:

Option 1: single condition, as a supplement to current execution condition;

Option 2: new specific measurement event.

Proposal 4: RAN2 to discuss whether to allow new CHO trigger to work alone.

Proposal 5: RAN2 to discuss how to configure new CHO triggers:

Option 1: per UE;
Option 2: per candidate target cell;

Option 3: when it is relevant to current serving cell, it is configured per UE;

Option 4: when it is relevant to candidate target cell, it is configured per candidate cell.

Proposal 6: RAN2 to discuss how to select target cell when multiple triggered cells exist:

Option 1: it is still up to UE implementation which cell to select;

Option 2: to specify UE selects the triggered cell with the longest remaining serving time.
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