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1. Introduction
Below agreements are achieved in RAN2#119bis-e meeting:
	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


In this paper, enhancements to reduce signalling overhead during intra-NTN handover are discussed with consideration on progress in RAN2#119bis-e meeting.
2. [bookmark: _Toc12718547]Discussion
2.1. [bookmark: OLE_LINK2]Group based mobility
In conventional measurement report triggered mobility procedure, the signalling overhead comes in two aspects: measurement report for HO decision and HO configuration, which can both be considered to be further discussed in terms of signalling overhead reduction.
Observation 1: Signalling overhead reduction can be considered in measurement report, HO configuration
The main difference in intra-NTN mobility is that HO could be triggered due to satellite movement where a larger number UEs will need to be switched to another cell in one time. Due to the long RTT between UE and satellites, for UE within a certain location range, they could share similar radio conditions, which means the measurement report receive from such UEs will also be similar. Therefore it is possible for NW to do the HO decision without waiting all measurements report to be received from all UEs, which can help reduce the signalling overhead required for sending the measurement report. 
Observation 2: Due to long RTT in NTN, UE within certain location range will face similar radio condition, which makes it possible for NW to do group HO decision with any of report received from such UEs, thus help reduce the signalling overhead required for measurement report.
Another aspect to be considered is how to send UE the HO configuration, e.g., in a group manner or in dedicated manner. It shall be noted that after HO to another cell UE need to initiate RACH to target cell to establish the connections. And a large of UE initiating RACH in the same time might lead to serious collision issues. 
Observation 3: Group HO UE to another cell could lead to collision in RACH procedure since there might be larger number of UE initiating RACH in the same time.
To avoid above issues below options can be considered:
· RACH-less HO
· Dedicated RACH resource for group HO
RACH-less HO is discussed in last meeting but not agreed, and one LS has been sent to RAN1 asking them to study the feasibility and applicability of RACH-less HO in different satellite deployment. Since the conditions of RACH-less HO might not always be satisfied, the safer way to mitigate the RACH collision issue is to use CFRA resource.
Observation 4: CFRA resource is needed to reduce RACH collision issue in group HO. 
Since CFRA resource is needed, dedicated signalling for HO configuration is more appropriate which can also reuse existing HO configuration procedure. It also gives more scheduling flexibility at NW to use dedicate HO configuration, e.g., NW might only want to move some of UEs within the same group considering also load balance in different cells or due to change of trajectories of UEs.
Observation 5: Dedicate HO configuration allows more flexibility of scheduling since NW might only want to move some of some of UEs within the same group considering also load balance in different cells or due to change of trajectories of UEs.
Based on above analysis, one example on how the group HO can be implemented is described as below. 




Figure 1. An example of group based mobility
As shown in the above figure 1, UEs are divided into several groups, e.g. based on its location or some other criteria, and each UE will be assigned with a group id. The group id will be reported together with measurement results in measurement report. Upon reception of measurement report from one or a few of the UEs in this group, network would then decide to handover all the UEs in this group or some of them.
Proposal 1: Group based handover should be supported with the following:
· Divide UE into several groups and assign each UE with a group id.
· UE report the group id together with the measurement results in measurement report.
· Upon reception of measurement report from one or a few of the UEs in this group, network decide to handover all the UEs or some of them in this group and send HO command to each UE.
2.2. Index based handover command
Another mobility enhancement studied for intra-NTN is to allow pre-configuration of HO resource and NW can trigger HO though simple indication without configuring the resource again which can be done with simple enhancement on CHO configuration that has been already supported in NTN. In NTN it is possible for NW to handover UE to CHO candidate cells before CHO is triggered, e.g., due to load balancing purpose. In this case, if NW can trigger HO in CHO candidates with simple indication (e.g., PCI or candidate cell index) in handover command with other parameters ( e.g. the cell specific parameters and the UE specific parameters) can be easily omitted, therefore reduce the signaling overhead significantly. 
Observation 6: NW might handover UE to CHO candidate cells before CHO is triggered due to other purpose, e.g., load balancing.
Observation 7: When handover UE to one of CHO candidate target cells, the CHO configuration stored in UE can be easily reused therefore only information used to identify CHO candidate cell (e.g., PCI or candidate cell index) is needed, which can help reduce signalling overhead of HO command significantly.
With the reduction of the payload size, the reception failure of the handover command can be reduced, which would in return reduce the RLF rate and handover failure rate. 
Observation 8: Reduced HO command size also helps improving the successful rate of reception of RRCReconfigurtaion message therefore improves overall HO performance.
Thus, we understand if the network wants to trigger a conventional handover to one of the configured CHO candidate cells, one target cell indication (e.g. candidate cell identity or index) can be included in the conventional HO command and UE should apply the corresponding condRRCReconfig.
Proposal 2: The CHO candidate target cell identity or index can be included in the HO command to trigger conventional handover to this cell thus the detailed configuration would be omitted and UE should apply the condRRCReconfig stored for this cell.

3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given: 
Group based mobility
Observation 1: Signalling overhead reduction can be considered in measurement report, HO configuration
Observation 2: Due to long RTT in NTN, UE within certain location range will face similar radio condition, which makes it possible for NW to do group HO decision with any of report received from such UEs, thus help reduce the signalling overhead required for measurement report.
Observation 3: Group HO UE to another cell could lead to collision in RACH procedure since there might be larger number of UE initiating RACH in the same time.
Observation 4: CFRA resource is needed to reduce RACH collision issue in group HO. 
Observation 5: Dedicate HO configuration allows more flexibility of scheduling since NW might only want to move some of some of UEs within the same group considering also load balance in different cells or due to change of trajectories of UEs.
Proposal 1: Group based handover should be supported with the following:
· Divide UE into several groups and assign each UE with a group id.
· UE report the group id together with the measurement results in measurement report.
· Upon reception of measurement report from one or a few of the UEs in this group, network decide to handover all the UEs or some of them in this group and send HO command to each UE.

Index based handover command
Observation 6: NW might handover UE to CHO candidate cells before CHO is triggered due to other purpose, e.g., load balancing.
Observation 7: When handover UE to one of CHO candidate target cells, the CHO configuration stored in UE can be easily reused therefore only information used to identify CHO candidate cell (e.g., PCI or candidate cell index) is needed, which can help reduce signalling overhead of HO command significantly.
[bookmark: _GoBack]Observation 8: Reduced HO command size also helps improving the successful rate of reception of RRCReconfigurtaion message therefore improves overall HO performance.
Proposal 2: The CHO candidate target cell identity or index can be included in the HO command to trigger conventional handover to this cell thus the detailed configuration would be omitted and UE should apply the condRRCReconfig stored for this cell.
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