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In the last RAN2 meeting, we agreed A4 event as the baseline in NTN CHO. However, as the RSRP/RSRQ of center of a NTN cell is not much different with the edge of the cell in NTN system, the other additional event is needed to combine with A4 event. 
Agreements related to idle mode aspects from RAN2#113:
Agreements:
1. RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception
2. The information on when a cell is going to stop serving the area and/or the timing information (e.g. timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.

Agreements related to CHO from RAN2#113:
1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.

In the email discussion [AT113-e][106], there are two main points of the additional event, e.g. time-based triggering condition and location-based triggering condition. This contribution will further discuss about the time-based triggering condition and location-based triggering condition.

Discussion
Time-based Triggering Condition
RAN2 113e Offline #105 has agreed that the stop time of the serving cell  and/or the start time of the new upcoming cell  for cell selection/reselection in the Earth-fixed NTN scenario. 
Then for the RRC Connected mode, stop time of serving cell could also be taken as the trigger condition of the service link handover in earth fixed cell scenario. In earth fixed cell scenario, stop time of the serving cell is same for the UEs under the same NTN cell. UE need handover in the same time for fixed cell. Thus, it is proposed that time-based triggering condition can be applied for service link switch in  earth fixed cell scenario. 
Proposal 1: Time-based triggering condition could also be applied for service link switch in earth fixed cell scenario.
For earth moving cell scenario, as the coverage of a cell is moving with the satellite, thus the stop time of the serving cell is different for the UEs under the same NTN cell. It’s not easy for gNB to calculate the stop time of the serving cell and/or the start time of the upcoming cell for each UE, unless gNB know the accurate UE location info (GNSS).
Proposal 2: Time-based triggering condition is not applicable for earth moving cell scenario, unless gNB could get the accurate UE location info.
For hard feeder link switch, the serving cell will stop serving at a certain time, and the new coming cell will follow it to serve the UE. Stop time of the serving cell is essential for the UEs to know when the serving cell will stop the service to avoid unnecessary RLF monitor before the target cell is available.  For soft feeder link switch, the new coming cell comes before the old serving cell stop the service, there’s an overlap time for the old serving cell and new serving cell. Stop time of the old serving cell, and start time of the new coming cell may help UE to handover to the new coming cell in time.
Anyway, for both hard and soft feeder link switch, the stop time of the serving cell is essential, and the start time of the new coming cell may be helpful for UE handover.
The stop serving timer of serving cell can be broadcast in system information or carried in dedicated signaling per “RRCReconfig->conditionalReconfig”. Thus, it is proposed that Time-based event can be supported in feeder link switch. 
Proposal 3: Time-based triggering condition could also be applied for feeder link switch. 
Location-based Triggering Condition 
For the location based event, email [AT113-e][106] discussed how the location is defined and how it is used together with other events. For the location trigger definition, the following options were identified:
· a: The distance between UE and the satellite, serving or to candidate target(which may be the same for a bunch of cells).
· b: The distance between UE and the cell center of a serving cell. Defines circle around serving cell.
· c: The distance between UE and the cell center of a candidate target cell. Defines circle around target candidate cell.
· d: The distance difference between “UE and center of serving cell” and “UE and center of candidate target cell”. Defines hexagonal cell areas
· e: Configure a geographical area scope referring to the coverage of the candidate target cell.
In case of intra-satellite handover, the distance between a UE and satellite is almost same in its   serving cell and neighbor cell, thus option a cannot work well for intra-satellite cell handover.
For option e, satellite beam is usually not regular, sometimes may be strip, oval, round, rectangular shape. The shape of satellite beam is change with the satellite movement due to the elevation frequently changed. Thus, it is difficult for network to describe cell coverage to UE. 
For b, c and d, they are the approximate solutions of option e. They are detailed examples how to set a geographical area scope. 
For CHO, maybe we can configure some UE location based thresholds as the triggering condition, e.g. the distance between a UE and the center of the serving cell becomes than a threshold, UE could start to measure its neighbor cells and handover to the target cell if the A4 is satisfied.  We understand that A4 is the most essential triggering condition, which shall be satisfied before triggering a CHO. The Location based trigger condition could be a kind of assistance info, used together with A4, or used as the triggering of neighbor cell measurement.

Observation 1: A4 is the most essential triggering condition for CHO. Location based triggering condition (b, c, d) could be provided to the UE as the assistance info for CHO, which could be used to decide when to initiate the measurement of the neighbor cells.

On how to provide the triggering condition to the UEs, we assume this could be provided to the UE via the system information, as the distance based triggering condition is cell level condition not UE level. Maybe we only need to add the description of the cell center (serving cell and or neighbor cells) and some thresholds in the SI to reflect the triggering condition as mentioned in b, c, f.
Proposal 4: Cell centre info and some thresholds could be provided to the UE via System information to support location based CHO. 

If cell coverage info broadcast in System information, UE can determine the distance between UE position and the serving cell center, e.g. it is above a preconfigured threshold, and it can initiate the corresponding measurement of neighbor cell. The time information and the UE location information can be used separately or jointly in measurement of neighbor cell. E.g., the UE location can be used for mobility due to UE movements, and the time information can be used for service/feeder link switch.
Proposal 5: The UE location used as the measurement initiation condition should be supported in both earth fixed cell and earth moving cell.
In earth fixed cell, there are two reasons of service link switch. One is due to the satellite movement. Location-based cannot work in this scenario, because the cell coverage and UE location don’t change. In this case, UE will not initiate the corresponding measurement of neighbor cell. Time-based are workable for satellite movement handover in earth fixed cell. Another is due to the UE movement. In this case, time-based cannot work well. When UE is to move out of the cell, UE should initiate the corresponding measurement of neighbor cell. So, in earth fixed cell, UE location and stop time of serving cell can be used together. UE location can be used for mobility due to UE movement, and stop time can be used for mobility of satellite movement.
[bookmark: _Ref59547914][bookmark: _Ref66807021]Proposal 6: In earth fixed cell, UE location and stop time of serving cell should be supported together. 
Conclusion
In section 2, we made the following observations:
Observation 1: A4 is the most essential triggering condition for CHO. Location based triggering condition (b, c, d) could be provided to the UE as the assistance info for CHO, which could be used to decide when to initiate the measurement of the neighbor cells.

Based on the discussion in section 2, we propose the following:
Proposal 1: Time-based triggering condition could also be applied for service link switch in earth fixed cell scenario.
Proposal 2: Time-based triggering condition is not applicable for earth moving cell scenario, unless gNB could get the accurate UE location info.
Proposal 3: Time-based triggering condition could also be applied for feeder link switch.
Proposal 4: Cell centre info and some thresholds could be provided to the UE via System information to support location based CHO. 
Proposal 5: The UE location used as the measurement initiation condition should be supported in both earth fixed cell and earth moving cell.
Proposal 6: In earth fixed cell, UE location and stop time of serving cell should be supported together. 
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