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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
RAN2 made a very good progress on the details of CHO event trigger for NTN. In this contribution, we address signalling storm due to HOs and discuss how to reduce it during HO for NTN.
2. Discussion
2.1 Signalling storm during handovers
Signalling storm created by handing over all UEs in a cell to a new cell is a big problem in our opinion and needs to be addressed in the first release of NTN. All UEs in a cell are expected to experience a change of cell due to handover every few seconds in LEO. Normally networks are not dimensioned to handle handover of all connected UEs in a cell and that too within a short period of time.
Proposal 1: RAN2 to agree that a solution for signalling storm created by frequent handovers of all connected UEs in an NTN cell is needed.
A major chunk of HO or CHO signalling takes place during Handover Preparation phase as shown with the red circle in the figure below. Also, most handovers are predictable in NTN and due to movement of cells and only a very small numbers of handovers are expected to be due to UE mobility. For CHO, currently two cells can be configured during the HO preparation phase. We think this number should be increased as future target cells are known in advance. The resource reservation in the target cell can be left to gNB implementation because anyway the cell must be prepared to handle the current load from a fixed location and timing of cell movement is known. If RAN2 does not allow preconfiguration of multiple target cells, then every few seconds full HO signalling needs to be exchanged for each connected UE in the cell. However, majority of signalling storm can be reduced by configuring multiple candidate cells and not deleting the CHO configuration after CHO has been executed (so that CHO configuration is still valid for next cell taking over without any explicit signalling). 
Observation 1: A major chunk of HO signalling takes place during HO preparation phase and HOs are mainly due to cell movement. The oncoming cells are expected to support all UEs in a geographical area i.e. resource reservation is mainly to cater the traffic emanating from a geographical area and different from the scenario where resources are reserved due to unpredictable movement of UEs in Terrestrial Networks.


[image: ]
Figure 1: CHO signalling procedure
We see a strong relationship between Timer/location based trigger and pre-configuration of CHO target cells and keeping CHO configuration after CHO execution. This is needed to handle the signalling storm.
Observation 2: If HO preparation signalling is performed for each HO then the true potential of reducing the signalling storm by using timer/location based trigger can not be realised. 
CHO configuration is possible only after SRB2 has been setup and AS security is activated with at least one DRB. In Rel-16 IAB, the reconfigurationWithSync is included in masterCellGroup when AS security has been activated and SRB2 is setup and not suspended i.e. there is no pre-condition of at least one DRB is setup. It implies that handover command and radio bearer setup can be combined in the same RRC reconfiguration message. We believe that a similar mechanism of allowing the reconfiguration message to include both DRB setup and HO command is needed for NTN. 
Providing CHO configuration during Radio bearer setup can further randomize the UEs to perform handover, hence reducing the network congestion especially when a large quantity of UEs handover to the same target satellite cell. If legacy HO procedure is used, then all UEs in one cell need to receive RRC Reconfiguration message at the same time. This may cause the signalling overhead for the source cell to prepare a large number of UEs to perform handover.  If, however, reconfiguration message sent during the bearer setup is used for HO command then the network load can be distributed.
Proposal 2: Multiple target cells are included in the RRC reconfiguration message when AS security has been activated and SRB2 is setup and not suspended i.e DRB setup precondition is not required.
We think above proposal is aligned to Timer based CHO i.e. network provides CHO configuration involving multiple cells and UE will execute CHO based on timer or time expiry. The other associated issue with current CHO execution is that UE will release the stored CHO configurations after successful completion of RRC handover procedure or CHO execution after RLF and re-establishment. It will be up to the new serving cell to provide new conditional handover configurations if necessary. With this legacy procedure, it indicates that every time when UE executes conditional handover e.g. based on configured timer condition, the stored conditional handover configurations including the subsequent handover configurations will be deleted. Whereas in NTN, as the approaching cells are predicable, we believe it would be beneficial to keep the stored conditional handover configurations in order to reduce the control signalling overhead.
Proposal 3: Stored conditional handover configurations is kept after conditional handover is executed.

3. Conclusion
We have observations as follows.
Observation 1: A major chunk of HO signalling takes place during HO preparation phase and HOs are mainly due to cell movement. The oncoming cells are expected to support all UEs in a geographical area i.e. resource reservation is mainly to cater the traffic emanating from a geographical area and different from the scenario where resources are reserved due to unpredictable movement of UEs in Terrestrial Networks.
Observation 2: If HO preparation signalling is performed for each HO then the true potential of reducing the signalling storm by using timer/location based trigger can not be realised. 
We propose RAN2 to discuss the proposals as follows.
Proposal 1: RAN2 to agree that a solution for signalling storm created by frequent handovers of all connected UEs in an NTN cell is needed.
Proposal 2: Multiple target cells are included in the RRC reconfiguration message when AS security has been activated and SRB2 is setup and not suspended i.e DRB setup precondition is not required.
Proposal 3: Stored conditional handover configurations is kept after conditional handover is executed.
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