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1. Introduction
Mobility enhancement for the UE with RRC_Connected state and RRC_Idle state has been discussed in NTN topic [1]. This contribution aims to discuss condition handover and the corresponding execution condition.
2. Discussion
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Figure: Procedure for CHO
For the conditional handover shown in the above figure, the source gNB may transmit the handover request to one or more than one candidate gNB based on the measurement result. Once receiving handover request acknowledge from at least one candidate gNB. The CHO configuration including CHO command and corresponding execution condition(s) will be configured to UE. The UE maintains connection with the source gNB after receiving CHO configuration, and starts evaluating the CHO execution conditions for the candidate cell(s). If at least one CHO candidate cell satisfies the corresponding CHO execution condition, UE is allowed to autonomously trigger handover procedure and accesses to that candidate cell. The UE releases stored CHO configurations after successful completion of RRC handover procedure. 
CHO aims to solve the issue that UE cannot receive the handover command because UE is located at the cell edge. In GEO NTN, the link between UE and GEO NTN has a large propagation delay. For LEO NTN, satellite moves relatively quickly. The large propagation delay and satellite movement will result in the high possibility that UE misses the handover command. Therefore, CHO should be supported for NTN system. 
Proposal 1: Conditional Handover procedure should be supported for NTN system.

In the CHO, CondEvent A3 and CondEvent A5 are designed for CHO execution condition as follows. 
· CondEvent A3: Conditional reconfiguration candidate becomes amount of offset better than PCell/PSCell;

· CondEvent A5: PCell/PSCell becomes worse than absolute threshold1 AND Conditional reconfiguration candidate becomes better than another absolute threshold2;

In addition, the execution condition of A3+A5 is allowed to be configured for UE in the legacy CHO. During SI, the majority supports the above measurement-based trigger condition to be reused in the NTN CHO.
Proposal 2: The legacy measurement-based trigger condition, namely A3, A5, and A3+A5, can be supported for NTN CHO.
Beside measurement-based trigger condition, additional trigger conditions for NTN CHO are captured in the TR as follows.
●
Location (UE and Satellite) triggering: additional triggering conditions based on UE and satellite location can be considered in NTN and may be considered independently or jointly with another trigger (e.g. measurement based). Location-based conditional HO in LEO scenarios should consider deterministic satellite movement. For example, the location triggering condition may be expressed as distance between the UE and the satellite.

●
Time(r)-based triggering: Several triggering conditions considering the time a region is served can be considered. This may be based on UTC time, or a timer-based solution, and may be considered independently or jointly with another trigger (e.g. measurement based). Time-based conditional HO in LEO scenarios should consider deterministic satellite movement.

●
Timing advance value based triggering: additional triggering conditions based on timing advance value to the target cell can be considered in NTN and may be considered independently or jointly with another trigger.

●
Elevation angles of source and target cells based triggering: additional triggering conditions based on elevation angles of source and target cells can be considered in NTN and may be considered independently or jointly with another trigger.

For location-based trigger condition, UE can calculate the distance between UE and the corresponding satellite based on the GNSS and ephemeris since UE has the capability of GNSS. In addition, Location based trigger condition is feasible to be supported because the link between UE and sattelite is LOS.
The UE speed is low compared to the sattelite movement. Furthermore, the overlapped coverage of the adjacent satellite is ‘big’ area. Satellite (gNB) can calculate the time(r) if UE reports some assistant information e.g. location or direction. Therefore, time(r) can be supported for NTN CHO.
If TA-based trigger condition and elevation angle-based trigger condition are used as the execution condition for CHO, TA and elevation angle should be calculated based on the location information in UE side. Therefore, it will result in more complexity compared to the location-based trigger condition. So, it is sufficient to support location-based trigger conditon. 
Proposal 3: Independent location-based trigger condition should be supported as the execution condition for NTN CHO.
Proposal 4: Independent UTC time (or timer-based) trigger condition should be supported as the execution condition for NTN CHO.

Proposal 5: TA-based trigger condition is not supported for NTN CHO.

Proposal 6: Elevation angles-based trigger condition is not supported for NTN CHO.
Some companies proposed one trigger condition can be considered jointly with the legacy measurement-based trigger condition. There are two options to realize the combination of two conditions. 
If the combination is ‘OR’, UE is triggered to perform CHO when any one condition is satisfied. For example, if the ‘OR’ association between location-based trigger condition and measurement-based trigger condition is configured to UE, UE performs CHO to this target cell when one of them is satisfied. This “OR” association could be used for a more relaxed HO e.g. when the serving satellite will be inevitably unavailable in a short time due to movement.
If the combination is ‘AND’, UE is triggered to perform CHO when both are satisfied. For example, if the ‘AND’ association of location-based trigger condition and measurement-based trigger condition is configured to UE, UE will perform CHO to this target cell when both location-based trigger condition and measurement-based trigger condition are satisfied. This “AND” association could be used for a stricter HO e.g. when the serving satellite will still be available for a while and user experience is important.
Proposal 7: RAN2 should discuss whether the ‘OR’ association between two conditions can be supported for NTN CHO or not. The potential combinations are listed as follows:
· Execution condition A: location-based trigger condition OR measurement-based trigger condition;
· Execution condition B: UTC time trigger condition OR measurement-based trigger condition
· Execution condition C: Timer-based trigger condition OR measurement-based trigger condition

Proposal 8: RAN2 should discuss whether the ‘AND’ association between two conditions can be supported for NTN CHO or not. The potential combinations are listed as follows:
· Execution condition D: location-based trigger condition AND measurement-based trigger condition;

· Execution condition E: UTC time trigger condition AND measurement-based trigger condition

· Execution condition F: Timer-based trigger condition AND measurement-based trigger condition

Conclusion

In this contribution, the following observations and proposals are given based on the discussion:
Proposal 1: Conditional Handover procedure should be supported for NTN system.
Proposal 2: The legacy measurement-based trigger condition, namely A3, A5, and A3+A5, can be supported for NTN CHO.
Proposal 3: Independent location-based trigger condition should be supported as the execution condition for NTN CHO.

Proposal 4: Independent UTC time (or timer-based) trigger condition should be supported as the execution condition for NTN CHO.

Proposal 5: TA-based trigger condition is not supported for NTN CHO.

Proposal 6: Elevation angles-based trigger condition is not supported for NTN CHO.
Proposal 7: RAN2 should discuss whether the ‘OR’ association between two conditions can be supported for NTN CHO or not. The potential combinations are listed as follows:
· Execution condition A: location-based trigger condition OR measurement-based trigger condition;

· Execution condition B: UTC time trigger condition OR measurement-based trigger condition

· Execution condition C: Timer-based trigger condition OR measurement-based trigger condition

Proposal 8: RAN2 should discuss whether the ‘AND’ association between two conditions can be supported for NTN CHO or not. The potential combinations are listed as follows:
· Execution condition D: location-based trigger condition AND measurement-based trigger condition;

· Execution condition E: UTC time trigger condition AND measurement-based trigger condition

· Execution condition F: Timer-based trigger condition AND measurement-based trigger condition
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