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1. Introduction
CHO has been agreed as a promising handover solution used in NTN to reduce HO delay. Moreover timer-based and location-based CHO triggers have been agreed as well due to reduced signal strength variation. In details the following agreements relevant to CHO have been achieved in the previous meetings:
RAN2#112-e meeting agreements:
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.
1. 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.

RAN2#113-e meeting agreements:
1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.

RAN2#113bis-e meeting agreements [1]:
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


In this contribution, we will discuss several remaining details of CHO in NTN
2. Discussion
2.1 Timer-based trigger 
It has been agreed that timer-based trigger describes the time after which the UE is allowed to execute CHO to the candidate target cell, however it is not clear whether the timer- based tigger would be configured per-serving cell i.e., common for all prepared target cell, or it would be configured per prepared target cell, we discuss this issue with different cases: 
Case1: Timer-based condition indicates the serving cell is stopping serving the area
Timer-based condition to tigger CHO can be tightly linked to serving cell instead of target cell, it indicates the time when feeder/service link switch will happen soon, or the time when the serving cell will sweep away from the UE location, or in another word the time when serving cell is stopping serving the area. hence the timer condition could be per serving cell instead of per target cell, i. e. a common timer is appliable for all prepared target cell. In this case, it is possible that some CHO will be triggered without timer-condition, some CHO will be triggered with timer condition e. g. when UE itself moves away from the cell, hence a per-target cell indicator of having timer condition or not is needed. moreover, from signalling design point of view 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. In summary both common or per target cell configuration should be workable for this case:
Case 2: Timer-based condition indicates the target cell is coming up
On the other hand, the time-condition could indicate a neighbouring cell is coming up as being discussed in post RAN2#113bis email discussion [2]. In this case, different timer is necessary for different target cell.
Considering both cases, we propose to have per prepared target cell configuration, and it is up to network implementation whether the timer is calculated based on serving cell switch-off/leaving time or neighbouring cell switch-on/coming up time.
Proposal 1: Timer-based condition is configured per prepared target cell i.e., it is within condExecutionCond. It is up to network implementation that the timer is linked to serving cell switch-off/leaving time or neighbouring cell switch-on/coming up time.

2.2 Location-based trigger
Last meeting, RAN2 agreed that: 
	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).


However, it is not clear if the location condition is per serving cell or target cell and how to define the condition. 
Different from timer-based condition, location-based condition is kind of replacement/reinforcement of signal level condition and have similarity with signal level-based condition. The location -based condition can be linked to both serving cell and target cell. It can be an absolute location condition as A1, A2 or a relative location condition like A3. It can even be a combination condition of serving cell and target cell. following are some location-based events we think useful and propose for discussion:
Event L2: The distance to serving cell reference location longer than threshold
In our understanding, as same as timer-based condition, location-based condition can be also tightly linked to serving cell. it indicates the UE is moving away serving cell relatively and it is time to trigger CHO or measurement repot. This is like event A2
Event L4: The distance to Neighbour cell reference location shorter than threshold
Location-based condition can be also linked to target cell. It indicates the UE is moving towards to a target cell relatively and it is time to trigger CHO or measurement repot of the target cell. This is like event A4
Event L5: The distance to serving cell reference location longer than threshold and the distance to Neighbour cell reference location shorter than threshold
This trigger will consider of UE’s location relative to both serving cell and target cell reference location. This is to make sure a robust handover. This is like event A5,
For CHO, like timer-based condition, all above event can describe as a trigger that a UE is allowed to execute CHO to the candidate target cell. 
Proposal 2: RAN2 discuss to introduce following location-based events:
· Event L2: The distance to serving cell reference location longer than threshold
· Event L4: The distance to Neighbour cell reference location shorter than threshold
· Event L5: The distance to serving cell reference location longer than threshold and the distance to neighbor cell reference location shorter than threshold
Proposal 3: Location-based events describe when UE is allowed to execute CHO

2.3 Combination of conditions 
It has been discussed how to combine different condition and whether each type of condition can be used alone but no agreement. Considering all triggers we agreed, there are following combinations:
1) Timer condition alone 
2) Location condition alone 
3) RSRP/RSRQ condition alone 
4) Timer + RSRP/RSRQ 
5) Location +RSRP/RSRQ 
6) Timer +location
In the special case of feeder-link switch, if the timer condition indicates that the serving cell will switch off, 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 and RRC-reestablishment will happen inevitable, and prepared RRC reconfiguration will not be fully used.
On the other hand, if the RSRQ/RSRQ value ranges for Ax event configuration is sufficiently wide/flexible, the threshold can be configured to minimum value of a cell being detectable. Effectively it will be same as timer-based condition alone. but we do not think we should go with this unless there is reason
Observation 1: Timer-based condition alone is useful for feeder link switch scenario.
In the case of earth moving beam scenarios because the serving cell will sweep away from UE instead switch off, a combination of timer-based condition and measurement-based condition will be useful. 
Observation 2: Combination of timer-based and RSRP/RSRQ-based condition is useful e. g. for earth moving beam scenario.
Different from 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 for robustness. 
Observation 3: Combination of location-based and RSRP/RSRQ-based condition is good for robustness. 
some companies shared opinion that A4 alone would be good enough as a trigger for CHO. Moreover, it is anyway the legacy mechanism and should be supported.
Observation 4: RSRP/RSRQ-based condition alone is the legacy configuration and should be supported.
Due to similarity of location-based events and RSRP/RSRQ-based event, we believe it is also possible to configure location-based condition alone
Observation 5: location-based condition alone may be enough as same as RSRP/RSRQ-based condition alone.
Same as for observation 2, In the case of earth moving beam scenarios because the serving cell will sweep away from UE instead switch off, a combination of timer-based condition and location-based condition will be useful. 
Observation 6: Combination of timer-based and location-based condition is useful e. g. for earth moving beam scenario.
Consequently, we propose: 
Proposal 4: CHO signalling should be flexible enough to support any combined conditions or standalone condition, it is left to network implementation to configure timer/location/radio condition alone or in combination.

2.4 Condition configuration for one prepared target cell
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
    ...
}



It is notice that there is one to one relationship between condExecutionCond and conRRCReconfig, and within the condExecutionCond. however, in NTN, a UE may handover to same target cell due to different reasons, as an example:
· UE move out of the cell: a combination of location-based event and Ax can be configured for normal UE mobility 
· The cell sweeps away from the UE location, and UE is stationary: a combination of time-based event and Ax can be configured for feeder/service link switch
gNB should be able to configure both of above conditions to the same UE for the same target cell, since gNB does not know whether the UE is stationary or moving.  
Proposal 5: RAN2 discuss whether multiple conExecutionCond can be configured for one conRRCReconfig
3. Conclusion
In this contribution, we made following observations/proposals regarding NTN CHO:
For timer-based condition: 
Proposal1: Timer-based condition is configured per prepared target cell i.e., it is within condExecutionCond. It is up to network implementation that the timer is linked to serving cell switch-off/leavingtime or neighbouring cell switch-on/coming up time.
For location-based condition:
Proposal 2: RAN2 discuss to introduce following location-based events:
· Event L2: The distance to serving cell reference location longer than threshold
· Event L4: The distance to Neighbour cell reference location shorter than threshold
· Event L5: The distance to serving cell reference location longer than threshold and the distance to neighbor cell reference location shorter than threshold
Proposal 3: Location-based events describe when UE is allowed to execute CHO
For combination of conditions:
Observation1: Timer-based condition alone is useful for feeder link switch scenario.
Observation2: Combination of timer-based and RSRP/RSRQ-based condition is useful e. g. for earth moving beam scenario.
Observation3: Combination of location-based and RSRP/RSRQ-based condition is good for robustness. 
Observation4: RSRP/RSRQ-based condition alone is the legacy configuration and should be supported.
Observation5: location-based condition alone may be enough as same as RSRP/RSRQ-based condition alone.
Observation6: Combination of timer-based and location-based condition is useful e. g. for earth moving beam scenario.
Proposal 4: CHO signalling should be flexible enough to support any combined conditions or standalone condition, it is left to network implementation to configure timer/location/radio condition alone or in combination.

Moreover: 
Proposal 5: RAN2 discuss whether multiple conExecutionCond can be configured for one conRRCReconfig
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