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1. Introduction 
In RAN2#112e meeting, following agreements were made for conditional handover (CHO) in NTN. 
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.
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. 
5.
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.
In RAN2#113e meeting following agreement was made.

Agreements:

1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.
In this document, we provide further details on configuration and the triggering conditions of CHO.
2. Discussion 

Conditional handover is a Rel-16 NR feature. Network provides conditional handover command(s) for (multiple) candidate target cell(s). UE can autonomously execute a conditional handover upon meeting the execution criteria. Considering NTN UE is relatively stationary with respect to the satellite, it is possible for network to determine the possible candidate target cell(s) based on UE’s location and satellite trajectory. But considering smaller difference in RSRP of near and far UEs (compared to TN), only RSRP based conditional handover triggering or execution condition may not be enough and can be enhanced. Also, to reduce the RRC signalling at the same time for multiple UEs, the UEs can be provided the conditional handover commands well ahead of time. 
CHO candidates

CHO candidates can be determined by network based on ephemeris info including the duration of satellite visibility. Based on the satellite movement and additionally UE’s position (assuming UE is relatively fixed with respect to satellite), network can find the CHO candidates a priori. The network may make decision on the CHO candidates or handover without assistance from UE measurement reports.  But this is up to network implementation. No new mechanisms are needed.
Observation 1. Rel-16 CHO is baseline. How network determines the list of candidate cells for CHO is up to the network.
Today network configures CHO candidates for the next possible handover, therefore, UE discards any stored CHO commands after execution of a CHO. However, in NTN, UE can be provided with multiple future candidate cells as UE can be considered stationary relative to the satellite speed. This simply means a CHO command may be executed at time t1 whereas another stored CHO command may be executed at time t2 where t2 > t1. This is feasible as different satellites covering the region are likely connected to the same gateway, which means connected to the same gNB, resulting in intra-gNB handover.
Observation 2. As gNB may be connected to UE via multiple satellites, i.e., cells based on predictable satellite trajectory, the gNB can provide a list of prepared future candidate cells that will serve the UE at different times.

The benefit of such approach is that once UE executes CHO and connects to a target cell, UE will still have a stored CHO command for the next target cell if UE remains relatively stationary with respect to satellite speed. This significantly reduces the signalling overhead.
Proposal 1 For intra-gNB handover or inter/intra-satellite handover without gateway change, support CHO configuration with future candidate cells in the order of time that may be executed.

Since the RRC configurations provided for the future candidate cells belong to same gNB, it is possible to use delta configuration. This means if the CHO for the first candidate cell is executed at time t1, its configuration is based on the source configuration at time t1. Similarly, if CHO for the second candidate cell is executed at time t2, its configuration is based on the source configuration at time 2 (i.e., after the configuration of the first candidate cell has been applied at time t1). In this case, without executing the CHO for the first candidate cell, the CHO for the second candidate cell cannot be executed. However, it is to note that providing full configuration for each candidate cell is up to network.
Proposal 2 Support delta configurations for future candidate cells in the order they are provided in CHO.
Time/timer-based event type

In order to indicate the future time at which the CHO is to be executed, UTC time can be used. Network can indicate the absolute UTC time to trigger the CHO. However, instead of depending on absolute value of UE’s clock, simply a timer can be configured. Alternatively, the provided UTC time can be used to determine the length of the timer to start. After the timer is expired, UE can start evaluating the CHO condition, i.e., the configured CHO is considered valid after expiration of the timer. The details on the unit and granularity of timer can be further discussed. 
Proposal 3 In timer-based triggering condition, CHO condition is evaluated after expiry of the timer. 
As it was agreed to use event A4 for CHO, after the expiry of timer, existing event A4 can be used to execute CHO as follows.
Inequality CondEvent Ax-1 (validity condition)

#1: Current time – reference time >= 0 or

#2: Timer expires
Inequality CondEvent A4-1 (Entering condition)

Mn + Ofn + Ocn – Hys > Thresh

Inequality CondEvent A4-2 (Leaving condition)

Mn + Ofn + Ocn + Hys < Thresh

Whether to use offsets and hysteresis parameter for this can be discussed further. The reason for UE to meet the minimum signal quality threshold (for example, -156dBm RSRP) is to make sure the CHO does not fail due to weak signal strength. 
Proposal 4 For timer-based CHO, existing entering and leaving condition of event A4 is reused after validity condition is met.
Location-based event type

Based on satellite information and beam information, UE can estimate the position of satellite every time the UE evaluates the CHO triggering condition after CHO is configured. In this case, the distance threshold from UE to beam center of the target cell or UE to target satellite distance can be taken as an indication that UE is getting closer to the target cell. UE to target satellite (or same satellite for intra-satellite HO) elevation angle can also be considered for proper threshold configuration. If UE to beam center distance is used, the beam center of the target cell can be indicated in the CHO command. However, in case of fixed cell, the beam centre of the satellite may not move for a certain duration and UE to beam centre distance can work only when UE moves to the cell edge. In this case, timer-based CHO can be used.

To reduce power consumption, UE should not be required to continuously evaluate its position based on GNSS fix in every CHO evaluation. Therefore, it should be sufficient if UE uses its location performed at a given reference time or point, for example, last location calculation as reference when CHO is configured. The UE’s reference location can be updated periodically, or every x evaluation periods based on accuracy requirement for which RAN1 feedback will be needed.

Observation 3. Determining GNSS based geo-location in every CHO triggering condition evaluation is power consuming and a reference point for UE location can be used.

Proposal 5 In location-based triggering condition, UE’s reference point for location is used to calculate the distance. FFS how to update UE’s reference point.
For position-based condition, the event Ay may include distance thresholds for entering and leaving conditions and event A4. For example,

Inequality CondEvent Ay-1 (Entering condition 1)

Mn + Ofn + Ocn – Hys > Thresh

Inequality CondEvent Ay-2 (Entering condition 2)

UE to target satellite distance < D_Thresh
Inequality CondEvent Ay-3 (Leaving condition 1)

Mn + Ofn + Ocn + Hys < Thresh

Inequality CondEvent Ay-4 (Leaving condition 2)

UE to target satellite distance > D_Thresh 
To avoid any ping pong or CHO failure due to weak signalling strength, UE should also at least check whether the target cell meets the minimum signal quality threshold (for example, -156dBm RSRP).

Proposal 6 For position-based CHO trigger, a new event type, i.e., CondEvent Ay is defined with entering conditions and leaving conditions associated with distance threshold and event A4 (Neighbour becomes better than threshold). FFS on signalling structure and details of parameters.

3. Conclusion

Following observations are made.
Observation 1.
Rel-16 CHO is baseline. How network determines the list of candidate cells for CHO is up to the network.
Observation 2.
As gNB may be connected to UE via multiple satellites, i.e., cells based on predictable satellite trajectory, the gNB can provide a list of prepared future candidate cells that will serve the UE at different times.
Observation 3.
Determining GNSS based geo-location in every CHO triggering condition evaluation is power consuming and a reference point for UE location can be used.


Following proposals are made.
Proposal 1
For intra-gNB handover or inter/intra-satellite handover without gateway change, support CHO configuration with future candidate cells in the order of time that may be executed.
Proposal 2
Support delta configurations for future candidate cells in the order they are provided in CHO.
Proposal 3
In timer-based triggering condition, CHO condition is evaluated after expiry of the timer.
Proposal 4
For timer-based CHO, existing entering and leaving condition of event A4 is reused after validity condition is met.
Proposal 5
In location-based triggering condition, UE’s reference point for location is used to calculate the distance. FFS how to update UE’s reference point.
Proposal 6
For position-based CHO trigger, a new event type, i.e., CondEvent Ay is defined with entering conditions and leaving conditions associated with distance threshold and event A4 (Neighbour becomes better than threshold). FFS on signalling structure and details of parameters.
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