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

	RAN2#121

1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.

2. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location
<RACH-less HO>
3. Support RACH-less Handover in Rel-18.

4. RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition

5. In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.

6. Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario

<service link change without PCI change>
7. In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported. 


This contribution gives our view on the signaling optimization on common (C)HO configuration. 
2 Discussion

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 the common config of the target cell in source cell 

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. 
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Figure-1. The common config of target cell provisioned via broadcast transmission scheme
Since the common config part in (C)HO command from the configuration in SIB1 and MIB of target cell, the simple way to provide the common configuration via broadcast is to include the SIB1 and MIB of target cell in the new SIB and broadcast the new SIB in source cell. 

Observation 2: In broadcast way, the simple way to broadcast the common config of target cell is to carry MIB and SIB1 of target cell in new SIB in source cell.
Our analysis on this option is from two aspects:

<Aspect 1> Signaling overhead.
Considering the SIB size is limited to 2976bits (372 bytes), if we assume to carry target cell’s SIB1 and MIB in new SIB, one new SIB can only provide the common config of one target cell. If UEs in one NTN cell may handover to different (candidate) target cells, multiple SIBs of the same type are required, and more radio resources are consumed. Obviously, this option is not efficient to provide the common config of more than one target cell. 
Observation 3: If broadcast way, supporting multiple candidate target cells at the same time requires support multiple new SIBs, one per new SIB, which is not efficient.  
<Aspect 2> Applicable scenario 
The handover scenario for this signaling optimization is that a large amount of UEs in one cell will hand over to the same target cell. In NTN system, the applicable scenario should be the satellite switching scenario, i.e. 
one area is covered by different satellites at different times, as depicted in Figure-2. In this scenario, there is only one upcoming cell to serve the same area, and only one target cell to be handovered by a large amount of UEs. Therefore, from the scenario requirement perspective, it’s sufficient for network to only provide the common configuration of one target cell in source cell. 

Based on the analysis of signaling design & overhead and and scenario requirement, we assume that if Option 1 is adopted, the max number of target cell to provide the common config in source cell should be limited to 1. 
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Figure-2. Satellite switching scenario
Considering the satellite switching scenario is the typical NTN mobility scenario, at most one new SIB is required to support this scheme, and the new SIB provision is controlled by operator, Option 1 can be considered as one solution to optimize the signaling of common HO configuration.  

Proposal 1: The common HO configuration of up to 1 target cell can be broadcasted in a new SIB in source cell.  
· Option 2: Groupcast the common config of the target cell in source cell 
Option 2 is applicable when a small group of UEs handover to the same target cell. Figure-3 depicts one example of the scenario, in which two UE groups have the different target cells for handover. 
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Figure-3. Applicable scenario of Option 2
Based on the observation 3, broadcast is not an efficient way to provide the common HO configuration of multiple target cells. Therefore, if this scenario is supported, we should consider using a new SRB to carry the common configuration per target cell and the new SRB is transmitted to the UE groups in PTM transmission scheme. The common HO configuration delivered via new SRB is different to different UE group.  
Observation 4: In groupcast way, new SRB will be introduced to provide the common HO configuration of target cell to a particular UE group and transmitted in PTM scheme.
In addition, network should first establish the association between UE and UE group and provide the group configuration to each associated UE. Therefore, network needs to to effectively predict the target cell to which multiple users will switch in order to form the UE group and provide relevant common HO configuration  for them.
Observation 5: In groupcast way, network is required to first associate UE and UE group by intelligently determining the location and movement direction of each UE.
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Figure-4. The common config of target cell provisioned via groupcast transmission scheme
Based on observation 4 and 5, it seems the impact of introducing a new group SRB is not small, and there is a high requirement for network to provide the accurate judgment on UE group division. Therefore, Option 2 may no need to be considered in Rel-18.  
Proposal 2: The provision of common HO configuration in groupcast way is not considered in Rel-18.  

· Option 3: Request UE to acquire the common config of the target cell by itself 

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-5, 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-5. UE (pre-)acquisition of the common config of the target cell from target cell’s MIB/SIB

Observation 6: If UE acquires the common HO config from target cell by itself, the transmission of common HO config can be saved, but the data interruption time and HO delay will be increased. 

Both sub-options degrade the mobility performance from the data interruption and HO delay increase aspects. Therefore, Option 3 is not considered in Rel-18.

Proposal 3: The UE self-acquisition of comm HO configuration from target cell is not considered in Rel-18.  

· Option 4: Provide the common config of the target cell in 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 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. 

Proposal 4: The common config provided by the delta signaling method can be considered only if  none or only a few specific parameters are allowed to change.
4 options are summarized in following Table-1. 

Table-1. Summary of 4 Options
	Option
	Summary
	Suggestion

	1. In broadcast way  
	· New SIB to provide the common HO configuration 
· Up to 1 target cell limitation 
	Support

	2. In groupcast way
	· Accurate association between UE and UE group

· New SRB to provide the config via PTM scheme
	Not consider in R18

	3. UE acquires by itself 
	· Interruption in serving cell (if acquired before HO)

· Increase HO delay (if acquired during HO)
	Not consider in R18

	4. Delta common HO config 
	· Only applicable if no or few parameters change 
	For discussion


3 Conclusion
According to the analysis in section 2, we propose that:
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. 

<Option 1: broadcast way>
Observation 2: In broadcast way, the simple way to broadcast the common config of target cell is to carry MIB and SIB1 of target cell in new SIB in source cell.
Observation 3: If broadcast way, supporting multiple candidate target cells at the same time requires support multiple new SIBs, one per new SIB, which is not efficient.  

Proposal 1: The common HO configuration of up to 1 target cell can be broadcasted in a new SIB in source cell.  

<Option 2: groupcast way>

Observation 4: In groupcast way, new SRB will be introduced to provide the common HO configuration of target cell to a particular UE group and transmitted in PTM scheme.

Observation 5: In groupcast way, network is required to first associate UE and UE group by intelligently determining the location and movement direction of each UE.
Proposal 2: The provision of common HO configuration in groupcast way is not considered in Rel-18.  

<Option 3: UE self-acquisition>

Observation 6: If UE acquires the common HO config from target cell by itself, the transmission of common HO config can be saved, but the data interruption time and HO delay will be increased. 

Proposal 3: The UE self-acquisition of comm HO configuration from target cell is not considered in Rel-18.  

<Option 4: common HO config via delta method>

Proposal 4: The common config provided by the delta signaling method can be considered only if  none or only a few specific parameters are allowed to change.
