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[bookmark: _Ref165266342]Introduction
In RAN2#112-e meeting and RAN2#113-e meeting, the following agreements on CHO were reached [1] [2]:
Agreements_RAN2#112-e:
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.

Agreements_RAN2#113-e:
1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.

In this contribution, we will discuss some issues about CHO in NTN and provide some suggestions.
[bookmark: OLE_LINK1]Discussion
Location based CHO triggering event
In RAN2#113-e, location based CHO triggering event has been discussed in email discussion [3]. About the configuration of location based CHO triggering event, the following options have been discussed in [3]:
[bookmark: _GoBack]Option 1: Based on the distance between UE and satellite
Option 2: Based on the distance between UE and cell center
Option 3: Based on a geographical area scope referring to the cell coverage information
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For Option 1, UE only need its own location and ephemeris data to determine whether the location based triggering event is satisfied. But, option 1 may only be feasible for inter-satellite handover because the distance between UE and satellite is the same for intra-satellite handover.
Observation 1: UE may not be able to trigger appropriate CHO based on the distance between UE and satellite for intra-satellite handover.
For Option 2 and 3, cell center and a geographical area scope referring to cell coverage information are unique for different cells even though there are in the same satellite. So, Option 2 and 3 are suitable for inter and intra satellite handover scenarios. 
For Option 2, cell center can be described by simple data with relatively small size. But option 2 only can be used for satellite cells with regular shape, such as a circle. For cells with irregular shape, the distance between UE and cell center cannot be used to confirm whether the UE moves in (or moves out) the cell coverage.
Observation 2: Triggering event based on the distance between UE and cell center cannot be used for cells with irregular shape.
Proposal 1: Location based CHO triggering event can be configured based on the distance between UE and cell center for satellite cells with regular shape.
Option 3 can be used for cells with irregular shape, because it use a geographical area scope to describe the cell coverage information. But, it is complicated to describe a geographical area scope referring to the cell coverage information compared with Option 2.
Observation 3: Triggering event based on a geographical area scope referring to the cell coverage information is suitable for cells with irregular shape.
Proposal 2: Location based CHO triggering event can be configured based on a geographical area scope referring to the cell coverage information for satellite cells with irregular shape.
Time or timer based CHO triggering event
Time or timer based CHO triggering event has been introduced, in combination with the existing R16 CHO measurement based event for both moving cell and fixed cell scenario. In email discussion of RAN2#113-e [3], it has been discussed how the feeder/service link switch scenario is supported. As follows, there are two issues need to be studied in these scenarios.
[bookmark: OLE_LINK6][bookmark: OLE_LINK11]Issue 1: Whether time or timer based CHO triggering event can be configured without RSRP/RSRQ related event.
Issue 2: How to configure the time or timer based CHO triggering event.
In the scenario of feeder/service link switch, the target cell and the feeder/service link switch timing can be predicted by network based on ephemeris information and the location information of ground GW, and the target cell is same for all UEs in the same serving satellite. 
Observation 4: The target cell and the feeder/service link switch timing can be predicted by network based on ephemeris information and the location information of ground GW in the scenario of feeder/service link switch.
Based on the target cell information and the feeder/service link switch timing, network can confirm whether the target cell can provide radio coverage at a certain time. So, standalone time or timer based CHO triggering event is enough for the scenario of feeder/service link switch, and the time or timer trigger can be configured by network based on the feeder/service link switch timing.
[bookmark: OLE_LINK12]Proposal 3: For the scenario of feeder/service link switch, time or timer based CHO triggering event can be configured without RSRP/RSRQ related event.
Proposal 4: Time or timer based CHO triggering event can be configured based on the feeder/service link switch timing.
In the feeder/service link switch, many connected mode UEs need to be handed over/moved to next cell within the duration of the feeder/service link switch. It might be an extremely difficult problem for source gNB to send HO commands to a large number of UEs respectively in a short time because of the large cell size of NTN, which result in high HO signalling overhead and radio link failure of some UEs. In the duration of service/feeder link switch, all UEs will be handed over from the same source gNB to the same target gNB. It is an efficient way to broadcast the common handover parameters and the common trigger time information and it will effectively reduce the signalling overhead.
Observation 5: Broadcasting the common handover parameters and trigger time information can effectively reduce signalling overhead.
[bookmark: OLE_LINK9]Proposal 5: For service/feeder link switch, broadcasting the common handover parameters and trigger time information to UE should be supported.
All connected mode UEs will execute handover at the same time with using the common trigger time or timer. Consequently a large number of UEs will initiate access to the target gNB since all UEs perform handover at the same time, which may lead to network congestion and signalling storm.
In order to avoid all UEs initiate access to the target gNB at the same time, UE’s access should be distributed sparsely in time domain. So, UE should delay a certain time to initiate access to target gNB after the trigger time. The delay time could be controlled by a timer. 
Proposal 6: RAN2 should consider to introduce a timer to distribute the time when UE initiates access to the target gNB. 
It’s possible for gNB to configure different timer to each UE by dedicated signalling. However, a large amount of signalling would be required. Another alternative is to configure a common timer to all UEs. But, in the scenario of the service link switch, the timing of service link switch for different UEs in the same cell are different, which is related to the location information. So, UE can scale the timer based on location information to make UE access the target gNB at the right time.
On the contrary, in the scenario of the feeder link switch, the timing of feeder link switch for different UEs in the same cell are the same. Considering the delay access would result in delayed service, UEs with low latency service requirement should be configured with a shorter timer. So, UE can scale the timer based on service requirement to make UE get better performance experience. UE can also scale the timer randomly, which is a simple way.
Proposal 7: A common timer can be configured to UE in a broadcast manner, and the timer can assist the UE in accessing the target gNB.
Proposal 8: UE could scale the common timer based on location for the service link switch and scale the common timer based on service requirement or randomly for the feeder link switch.
CHO candidate cells
In R16 CHO procedure, network selects candidate cells based on UE measurement report and network environment. But, the near-far effect is not pronounced in NTN system. There is a small difference in signal strength between cell center and edge. So, network may have difficulty to determine suitable candidate cell list based on UE measurement report. Considering UE privacy, network cannot get UE location information based UE report. So, network cannot predict whether a cell can provide coverage to UE in the future.
Therefore, network may select useless neighbour cells as CHO candidate cells, which cannot provide coverage to UE in the future. In the case, for network, the radio resource of useless neighbour cells will be sacrificed, because candidate gNBs need to reserve resources for UE. For UE, UE need to evaluate whether the CHO triggering event corresponding to the useless candidate cell is fulfilled, which influence the performance of UE and even cause incorrect handover.
Based on the cell or satellite coverage information (including coverage area and movement information) and UE location, UE can predict whether the cell can provide coverage to itself and the information when the cell is going to start and or stop serving the UE. According to the predictive information, UE can confirm which neighbour cell can be configured as a candidate cell. UE can report these assistance information about neighbour cells to help network select CHO candidate cells. 
Observation 6：Based on the cell or satellite coverage information (including coverage area and movement information) and UE location, UE can predict whether the cell can provide coverage to the UE and the information when the cell is going to start and or stop serving the UE.
Proposal 9：UE can report some assistance information about neighbour cells to help network select CHO candidate cells.
Conclusions 
In this contribution, the following observations and proposals are given based on the discussion in section 2:
Observation 1: UE may not be able to trigger appropriate CHO based on the distance between UE and satellite for intra-satellite handover.
Observation 2: Triggering event based on the distance between UE and cell center cannot be used for cells with irregular shape.
Proposal 1: Location based CHO triggering event can be configured based on the distance between UE and cell center for satellite cells with regular shape.
Observation 3: Triggering event based on a geographical area scope referring to the cell coverage information is suitable for cells with irregular shape.
Proposal 2: Location based CHO triggering event can be configured based on a geographical area scope referring to the cell coverage information for satellite cells with irregular shape.
Observation 4: The target cell and the feeder/service link switch timing can be predicted by network based on ephemeris information and the location information of ground GW in the scenario of feeder/service link switch.
Proposal 3: For the scenario of feeder/service link switch, time or timer based CHO triggering event can be configured without RSRP/RSRQ related event.
Proposal 4: Time or timer based CHO triggering event can be configured based on the feeder/service link switch timing.
Observation 5: Broadcasting the common handover parameters and trigger time information can effectively reduce signalling overhead.
Proposal 5: For service/feeder link switch, broadcasting the common handover parameters and trigger time information to UE should be supported.
Proposal 6: RAN2 should consider to introduce a timer to distribute the time when UE initiates access to the target gNB. 
Proposal 7: A common timer can be configured to UE in a broadcast manner, and the timer can assist the UE in accessing the target gNB.
Proposal 8: UE could scale the common timer based on location for the service link switch and scale the common timer based on service requirement or randomly for the feeder link switch.
Observation 6：Based on the cell or satellite coverage information (including coverage area and movement information) and UE location, UE can predict whether the cell can provide coverage to the UE and the information when the cell is going to start and or stop serving the UE.
Proposal 9：UE can report some assistance information about neighbour cells to help network select CHO candidate cells.
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