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Discussion and Decision
1 Introduction
NTN specific mobility enhancement was discussed in RAN2#119bis meeting, and following agreements were made on the NTN specific handover enhancement.
	Agreements:

1. RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this

2. Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference)

3. Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits

4. RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)

5. New Proposal 2: RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 


•
RAN1 impact


•
The need to perform UL beam switching and/or RA 
  •
Applicability to hard or soft satellite switching


This contribution gives our view on the following proposed solutions for the NTN specific handover enhancements: 

1> Signaling optimization on HO command
2> Group handover

3> Subsequent CHO scheme

4> Optimization for keeping same PCI after feeder link switching
5> HO congestion mitigation.
2 Discussion

2.1 Signalling optimization on HO command

In legacy, NW provides the full set of the target cell in the UE dedicated HO command, including the common config and UE dedicated config. 

For HO scenario in the earth moving cell, the target cell of the HO UEs in the same geographic area are usually the same. In order to reduce the HO signaling overhead in this scenario, we can optimize the configuration common to a group of UEs in HO and provide the common configuration in a more efficient manner. 

According to current signaling structure of HO command, the target cell’s configuration includes two parts: common config and the UE dedicated config. The common config of the target cell is same as the configuration in SIB1, which is cell specific configuration. Therefore, we can consider how to optimize the provision way of common config of the target cell in handover command. 
Observation 1: The common config of the target cell in HO is the cell specific configuration, which is common for the UEs who have the same target cell. 
To improve the provision efficiency of the common configuration of the target cell to a large number of HO UEs, following options can be considered. 

· Option 1: Broadcast or groupcast the common config of the target cell in source cell (Figure-1)

In broadcast way, network needs to broadcast the common configuration of other cells, and new SIBs may need to be introduced to carry the configuration. 

In groupcast way, new SRB may be needed to carry the common configuration which is delivered in PTM transmission scheme.  

No matter in broadcast way or in groupcast way, network needs to provide the additional resource for the transmission. If the common configuration provided by network in such way can not be used by UEs, it is a waste of resources. Therefore, to avoid this waste of resources, the network implementation needs to effectively predict the cell to which multiple users will switch.
Observation 2: The resource efficiency to provide the common config of the potential target cells in broadcast/groupcast way depends on whether network can effectively predict the cells to which multiple users will switch.
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Figure-1. The common config of target cell provisioned via group/broadcast transmission scheme
· Option 2: Request UE to acquire the common config of the target cell by itself (Figure-2) 

Since the common config of target cell is same as the config in SIB1 of the target cell, to avoid wasting the resource to broadcast/groupcast the other cell’s config in current serving cell, if UE is informed the target cell for handover, the UE can acquire the common config in the target cell by itself. 
As indicated in Figure-2, there are two sub-options:

· Sub-option 1: network can request UE to acquire the target cell’s common config in advance when UE is still working in current serving cell;

In this sub-option, since the UE is still working on the source cell when acquiring the MIB and SIB1 configuration from the target cell, it will lead to data interruption for some time. To make the data interruption time controllable on the network side, it’s better for network to provide the interruption time gap for UE to do it.
· Sub-option 2: UE can acquire the target cell’s comm config during the handover execution phase. 
In this sub-option, it doesnot impact the data transmission in the source cell, but it may increase the handover latency. But due to the SIB1 transmission periodicity, the additional HO latency seems acceptable. 
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Figure-2. UE (pre-)acquisition of the common config of the target cell from target cell’s MIB/SIB

Observation 3: If UE acquires the comm config from the target cell by itself, it may interrupt the data transmission in current serving cell or increase the HO latency, but the impact is acceptable.
· Option 3: Provide the common config of the target cell by the delta signaling method (compared with the source cell’s common config)

According to the current ASN.1 structure, the common config of target cell is always provided in full config method, and the delta signaling method is not applied for it. The full config method can simplify the UE implementation since UE doesnot need to check parameter one by one, but it may increase the signaling overhead if only few parameters are changed. 

With the delta configuration method applied on the comm config part, we can reduce the signaling overhead for the unchanged parameters in the common part, but it will increase the processing burden in UE side. In addition, for the inter-gNB handover case, the scheme will impact the X2 procedure between gNBs. The source gNB is required to forward the common config of source cell to the target gNB via the handover preparation phase, in order to help the target gNB provide the common config in the delta way. 
But if we only consider the case that the full set of the comm config is unchanged, or only a few specific parameters are allowed to change, the delta method may be acceptable since it will not bring much processing burden to UE. 

Observation 4: The common config provided by the delta signaling method is only applicable when none or only a few specific parameters are allowed to change.
The above 3 options can reduce the signaling overhead of the common part in HO command. However, each option has its own drawback and limitation of usage scenarios.
Proposal 1: Consider the following solutions to reduce the signaling overhead of the target cell’s common configuration.

· Option 1: Broadcast or groupcast the common config of the target cell in source cell;
· Option 2: Request UE to acquire the common config of the target cell by itself;
· Option 3: Provide the common config of the target cell by the delta signaling method.
2.2 Group handover
Group handover is to trigger a group of UEs to perform the handover at the same time, and the group scheme can be applied on two parts: 

· Part 1: The configuration of target cell (i.e., candidate cell) is provided in groupcast/broadcast way;

· Part 2: The group HO indication to trigger UE to perform HO is provided in groupcast/broadcast way. 
For Part 1, since the configuration of the target cell or candidate cells includes the UE dedicated configuration, which is different for each UE, it’s infeasible to provide the entire configuration of target/candidate cells in the groupcast/broadcast way. 
For part 2, if the group of UEs have been pre-configured the candidate cell’s configuration via UE dedicated configuration, the group HO indication is just to trigger the group of UE to perform the handover at the same time. Upon receiving the group HO indication, UE can apply the stored configuration of the target cell by itself.  
Using the group handover scheme with combining the UE specific pre-configuration of the target cell and the group HO indication (as described in Figure-3), it can provide the following benefits compared with the legacy HO:

1> The time point when UE performs the handover is still controlled on the network.
2> The signaling overhead of HO indication used to trigger handover is relatively small.
With the above benefits, the scheme with combining the UE specific pre-configuration of the target cell and group HO indication should be agreed as the solution.  
Proposal 2: Consider the group handover scheme of UE specific pre-configuration of the target cell + group HO command as the solution to optimize the HO signaling overhead in NTN. 
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Figure-3. UE specific pre-configuration of the target cell + group HO” indication
2.3 Subsequent CHO scheme

In last RAN2 meeting, it was agreed that the target cell for handover can be predicted. 
	RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)


Because the orbit of the satellite is planned in advance, in the moving cell scenario, the cells to be covered in the fixed geographical area on the ground can be known in advance. From UE perspective, if UE stays in one area for long time, the target cell to be hand overed to later can be known in advance. 
Observation 5: For the moving cell, the target cell for subsequent handover can be predicted in NTN. 

Based on observation 5, the subsequent CHO scheme is feasible and should be considered in NTN moving cell deployment. With the subsequent CHO scheme, one CHO command can be used for subsequent N handovers, which can reduce the signaling cost of N-1 handovers. 
Proposal 3: Subsequent CHO should be considered for the HO in NTN moving cell deployment. 
2.4 Optimization for keeping same PCI after feeder link switching

In last RAN2 meeting, RAN2 discussed whether to make the handover procedure transparent to UE during the no PCI change but feeder link switching case. And RAN2 will continue the discussion. 
	New Proposal 2: RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 


•
RAN1 impact


•
The need to perform UL beam switching and/or RA 

   •
Applicability to hard or soft satellite switching


For the discussed scenario, the assumption is the feeder link is changed, but the service link is not change, and the UE configuration is not changed. Since the UE configuration in Uu interface may not be changed after the feeder link switching, the whole procedure may be transparent to UE. 
But if the feeder link change will lead to the gNB change, the UE’s security key will be changed, and the handover procedure will be not transparent to UE. 

Proposal 4: In feeder link switching scenario, the handover is not transparent to UE if the security key is changed.  

For the no security key change case, according to the NTN timing relationship, the feeder link switching may lead to the change of the UL sync parameters (i.e., common TA and Kmac). Therefore, even though no handover is triggered due to the feeder link switching, if the feeder link latency is changed, UE still needs to re-sync to the network after the feeder link switching. But if the latency is not changed, the re-sync operation can be skipped. 
Proposal 5: In feeder link switching scenario, if feeder link latency is changed, UE is required to re-sync to the NW after the feeder link switching; otherwise, the re-sync operation can be skipped. 
In feeder link switching scenario, it seems difficult for the satellite to keep both feeder links at the same time. Therefore, in network side, there will be a switching time introduced, and during the period the data transmission in Uu interface will be interrupted. To avoid the data loss during the switching time, it’s better for NW to configure the switching time (i.e. mobility gap) to UE, and UE can stop the data activity during the gap. 

Proposal 6: In feeder link switching scenario, if no handover is triggered but mobility gap is configured, UE should suspend the activity in Uu interface during the gap.  
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Figure-4. Uu procedure of feeder link switching optimization
2.5 HO congestion mitigation

When a largen number of UEs perform HO almost at the same time, HO congestion will occur. To mitigate it, one possible way is to scatter the RACH initiation from UE(s) so that to distribute the HO load.
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Figure-5. HO load distribution 

Proposal 7: Consider the mechanism to mitigate the HO congestion, e.g., delay HO with a random time. 
3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: Consider the following solutions to reduce the signaling overhead of the target cell’s common configuration.

· Option 1: Broadcast or groupcast the common config of the target cell in source cell;
· Option 2: Request UE to acquire the common config of the target cell by itself;
· Option 3: Provide the common config of the target cell by the delta signaling method.
Proposal 2: Consider the group handover scheme of UE specific pre-configuration of the target cell + group HO command as the solution to optimize the HO signaling overhead in NTN. 
Proposal 3: Subsequent CHO should be considered for the HO in NTN moving cell deployment. 

Proposal 4: In feeder link switching scenario, the handover is not transparent to UE if the security key is changed.  

Proposal 5: In feeder link switching scenario, if feeder link latency is changed, UE is required to re-sync to the NW after the feeder link switching; otherwise, the re-sync operation can be skipped. 

Proposal 6: In feeder link switching scenario, if no handover is triggered but mobility gap is configured, UE should suspend the activity in Uu interface during the gap.  

Proposal 7: Consider the mechanism to mitigate the HO congestion, e.g., delay HO with a random time. 
