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1. Introduction
It has been agreed to introduce both timer/timer-based and location-based CHO triggers, but details are still FFS. In this contribution, we share our opinion on these aspects.
2. Discussion
2.1 NTN CHO scenarios 
There are different cases of HO in NTN:
1) Service and or feeder link switch in earth-fixed, quasi earth-fixed and earth-moving beam scenarios.
2) Beam sweep over a certain area in earth-moving beam scenario.
3) Traditional handover due to UE mobility e.g high speed UE in all scenarios. 
Time/timer-based condition is obviously useful for the case 1) service or feeder link switch scenarios, where source cell will disappear, and target cell will appear at a pre-scheduled time. The configured time/timer condition can point to the time of the switch and an additional dedicated offset would spread the HO out in a time window for HO load balance purpose. In this case, not matter gNB configures a time or a timer, it will point to same/similar absolute time point for all UEs. 
Observation 1: Timer/time base trigger would be more suitable for case 
· service/feeder link switch, where massive HO will happen at a pre-scheduled time.
Time/timer-based condition may also be useful for case 2) beam sweep over a certain area in earth-moving beam scenario, but there are differences. First, different UEs will be handover out at different point of time (left side UE will handover out earlier), hence timer-based solution might be more usefully. The timer will indicate how long a UE will stay in this cell. Secondly, as an example shown in following figure 1, a stational UE may stay in a moving cell longer or shorter depends on its position (UE #a has shorter stay-in-cell time), gNB needs precise UE location to predict how long the UE will stay in the cell. Location-based trigger would be easier to config.
Observation 2: It may be possible but more difficult to use time/timer-based condition for earth-moving beams where UE at different location may stay at the cell for different length of time. 



Figure 1 UE stay-in-cell time varies in earth-moving beam scenario

Case 3) traditional HO due to mobility can happen in all scenarios and should be always taken care of. And in this case, location-based rather than time/timer-based condition is more applicable. Otherwise, gNB needs to know/predict the speed and the direction of UEs’ movement to configure the timer/time-based condition.

Observation 3: Location-based condition is more suitable for cases:
· Beam sweep over a certain area in earth-moving beam scenario.
· Traditional handover due to UE mobility e.g high speed UE in all scenarios. 

With above observations in mind, we discuss the details of two NTN CHO conditions:

2.2 Time/timer-based CHO trigger 
Based on discussion in above section, time/timer-based condition to tigger CHO is tightly linked to serving cell instead of target cell, hence the time/timer condition can be configured per serving cell instead of per target cell. On the other hand, if it is configured per target cell, it does not exclude to configure the same time for all target cell and then effectively will be same as per serving cell configuration. For simplicity, we propose:
Proposal 1: Time/timer-based condition could be configured per serving cell, and applicable to all prepared target cells. 
The time/timer condition here indicates that the serving cell will disappear from UE point of view, no matter in (quasi)earth-fixed beam scenario or earth moving beam scenarios, hence a HO is really expected to happen regardless which prepared target cell will be found, how good the condition is. Many companies argue that good radio condition will guarantee a successful HO and hence time condition alone will not be adequate. But even if prepared target cell is no good enough, UE has to handover away to a best, detectable cell. Otherwise RLF will happen inevitable:
Proposal 2: Time/timer-based condition indicates UE to handover to the best cells among all prepared target cells. 
Proposal 3: Time/timer-based condition can be used alone.

2.3 Location-based CHO trigger
Footprint of a beam on earth may be a circle or more likely an elliptic shape, and the signal may be projected to earth surface with angle other than 90 degree. As shown in figure 2, distance to satellite may vary at different position of cell edge (see red and blue cell phone). Similarly, as shown in figure 3 the distance to cell center may vary as well at different position of cell edge.  


 
     Figure 2: distance to satellite varies at cell edge     Figure 3: distance to cell center varies at cell edge
Before being able to define location condition for CHO, it needs to confirm whether distance to cell center or distance to satellite is adequate to express cell edge, if not whether/how satellite will provide information of its real cell coverage e.g. an elliptic coverage shape might be described by cell center location and radius in both direction.
Proposal 4:  RAN2 needs to clarify which way to define cell edge location:
· Option1: Distance to satellite: issue in figure 2 needs to be addressed
· Option2: Distance to cell center: issue in figure 3 needs to be addressed
· Option3: Satellite provides its real cell coverage information, but how to express it needs to be addressed.   

As same as the time/timer-based condition, location-based condition is also tightly linked to serving cell instead of target cell, it is proposed
Proposal 5: Location-based condition could be configured per serving cell, and applicable to all prepared target cells. 
Different from time/timer-based condition, location-based condition does not mean the radio signal will disappear but just mean the UE is relatively far away from coverage centre and potentially weaker radio condition, so the connection may still be viable for a while and in this case, we think it is better to be used together with signal-based condition. 
Proposal 6: The Location-based condition could be used in combination with signal-based condition e.g. A4. 

2.4 Configuration
In current Rel-16 CHO configuration, as shown in below, gNB can configure a list of conditional reconfigurations corresponding to a list of prepared target cells. For each entry in the list, it consists of the condReconfigId and the associated condExecutionCond and condRRCReconfig. A3 and A5 has been specified as CHO triggers, one or both of them may be configured as execution condition for a prepared target cell. If both A3 and A5 conditions are configured, the UE will only trigger a CHO to the prepared target cell when both conditions are fulfilled for that cell. This AND relationship make sure a robust handover.
	ConditionalReconfiguration-r16 ::=   SEQUENCE {
    attemptCondReconfig-r16              ENUMERATED {true}              OPTIONAL,   -- Cond CHO
    condReconfigToRemoveList-r16         CondReconfigToRemoveList-r16   OPTIONAL,   -- Need N
    condReconfigToAddModList-r16         CondReconfigToAddModList-r16   OPTIONAL,   -- Need N
    ...
}

CondReconfigToRemoveList-r16 ::=     SEQUENCE (SIZE (1.. maxNrofCondCells-r16)) OF CondReconfigId-r16

CondReconfigToAddModList-r16 ::= SEQUENCE (SIZE (1.. maxNrofCondCells-r16)) OF CondReconfigToAddMod-r16

CondReconfigToAddMod-r16 ::=     SEQUENCE {
    condReconfigId-r16               CondReconfigId-r16,
    condExecutionCond-r16            SEQUENCE (SIZE (1..2)) OF MeasId                      OPTIONAL,    -- Cond condReconfigAdd
    condRRCReconfig-r16              OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,    -- Cond condReconfigAdd
    ...
}



For NTN, with A4 was agreed to be one of CHO triggers, following conditions has been or will be specified for NTN:
1) A3
2) A4
3) A5
4) Time/timer-based condition
5) Location-based condition
As discussed, and proposed in section above, time/timer-based condition could be configured per serving cell and can be used alone, it is proposed: 
Proposal 7: Time/timer-based condition could be configured per ConditionalReconfiguration (i.e., per serving cell instead of per target cell). When time/timer-based condition is fulfilled, CHO is executed with the best prepared cell and regardless the other configured conditions if any. 
Same as time/timer-based condition, location-based condition is also tightly linked to serving cell. On the other hand, location-based condition can be used in combination with other conditions, hence, it is proposed:
Proposal 8: Location-based condition could be configured per ConditionalReconfiguration (i.e., per serving cell instead of per target cell). When location-based condition is configured, CHO is executed only if both location-based condition and signal-based conditions (if configured) are fulfilled. 
For a UE, handover can be triggered due to multiple reasons e.g., UE mobility or service/feeder link switch. will above proposals, gNB is able to configure one or multiple conditions to cover all possible handover cases. As an example, in a quasi-earth fixed beam/cell, gNB can configure UEs a time/timer-based condition to cover service/feeder link switch case, at same time it can configure a combination of location-based condition and A4 to cover the case of UE moving out of the serving cell coverage.

3. Conclusion
In this contribution, we made following observations regarding NTN HO:

Observation 1: Timer/time base trigger would be more suitable for case 
· service/feeder link switch, where massive HO will happen at a pre-scheduled time.
Observation 2: It may be possible but more difficult to use time/timer-based condition for earth-moving beams where UE at different location may stay at the cell for different length of time. 
Observation 3: Location-based condition is more suitable for cases:
· Beam sweep over a certain area in earth-moving beam scenario.
· Traditional handover due to UE mobility e.g high speed UE in all scenarios. 

Further, we made following proposals for discussion:
Regarding timer/time-based CHO:
Proposal 1: Time/timer-based condition could be configured per serving cell, and applicable to all prepared target cells. 
Proposal 2: Time/timer-based condition indicates UE to handover to the best cells among all prepared target cells. 
Proposal 3: Time/timer-based condition can be used alone.

Regarding location-based CHO:
Proposal 4:  RAN2 needs to clarify which way to define cell edge location:
· Option1: Distance to satellite: issue in figure 2 needs to be addressed
· Option2: Distance to cell center: issue in figure 3 needs to be addressed
· Option3: Satellite provides its real cell coverage information, but how to express it needs to be addressed.   
Proposal 5: Location-based condition could be configured per serving cell, and applicable to all prepared target cells. 
Proposal 6: The Location-based condition could be used in combination with signal-based condition e.g. A4. 

Regarding CHO configuration:
Proposal 7: Time/timer-based condition could be configured per ConditionalReconfiguration (i.e., per serving cell instead of per target cell). When time/timer-based condition is fulfilled, CHO is executed with the best prepared cell and regardless the other configured conditions if any. 
Proposal 8: Location-based condition could be configured per ConditionalReconfiguration (i.e., per serving cell instead of per target cell). When location-based condition is configured, CHO is executed only if both location-based condition and signal-based conditions (if configured) are fulfilled. 
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