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1	Introduction
In the last RAN2 meeting, the following agreements are made for handover
=>	Scenario 1: UEs are HO’ed due to switch of SOURCE cell to NES mode is considered for further study.  FFS whether any enhancements is needed.  
=>	FFS Scenario 2: UEs are HO’ed due to source link degradation, where TARGET cell is selected based on its mode of operation
=>	As a first priority, discussion on RAN2 group handover are confined to the CHO framework

In this contribution, the details of the group handover are further discussed.
2	Discussion
When many UEs need to perform handover simultaneously due to turning off of a booster cell within a coverage cell, it means network needs to send handover commands to all of them simultaneously too. A handover command is the RRCReconfiguration message which may include many UE specific configurations according to a UE’s capability and the cell’s state of resource utilization. So typically, a handover command could be a large RRC message and therefore, it’s hard for network to send many handover commands to many UEs at the same time.
In the last meeting, it is agreed that the discussion on RAN2 group handover is confined to the CHO framework as first priority. On high level, the CHO framework is as follow:
Step 1: the RRCReconfiguration with Sync messages (handover command) for each candidate PCells and the execution conditions are sent to UE in advance, but UE only stores them i.e. without executing the actual handover.
Step 2: When the execution conditions are met for a candidate PCell, the UE executes the actual handover to the candidate PCell.  The execution conditions are based on some radio qualities of the candidate PCells.
The Step 1 avoids the signalling congestionof the handover commands. Hence this part of the CHO framework does not need enhancement. 
Observation#1: The signalling of the candidate PCells in advance in CHO framework avoids the signalling congestion of the handover commands when the NES mode of the source PCell changes. 
In the last meeting, the following scenarios are discussed:
=>	Scenario 1: UEs are HO’ed due to switch of SOURCE cell to NES mode is considered for further study.  FFS whether any enhancements is needed.  
=>	FFS Scenario 2: UEs are HO’ed due to source link degradation, where TARGET cell is selected based on its mode of operation
RAN3 discussed the applicable scenarios for NES and agreed that the overlaid scenario (i.e. heterogeneous scenario) as in Figure 1 can be considered:
0. Regarding the applicable scenarios for NES, RAN3 can consider both the overlaid scenario (i.e. heterogeneous scenario) and the non-overlaid scenario. 



Figure 1: Overlaid scenarios
When the NES mode of the source small cell is changed (e.g. turn off the cell, or change to long DTX/DRX cycles), there is a need to update the execution condition to allow the UE to move to the coverage target cell if the source cell is no longer suitable to the UE. The new execution condition can be an indication of the NES mode or an handover indication from the source cell.  Hence the Step 2 in the CHO framework needs to be updated as follow:
Step 1: the RRCReconfiguration with Sync messages (handover command) for each candidate PCells and the execution conditions are sent to UE in advance, but UE only stores them i.e. without executing the actual handover.
Step 2: When the execution conditions are met for a candidate PCell, the UE executes the actual handover to the candidate PCell related to the previously stored configuration provided via the last RRCReconfiguration message.  The execution conditions are based on some radio qualities of the candidate PCells or can also be that the UE receives an indication from the serving cell that the NES mode of the cell has changed.
Observation#2: For Scenario 1 (UEs are Handover due to switch of SOURCE cell to NES mode), under the CHO framework, the execution condition needs to be updated to allow for indicating the change of NES mode of the source cell. Using existing execution conditions based on radio qualities of candidate PCells may not trigger the UE to handover to coverage cell to allow the NES cell to turn off.
Proposal#1: Execution condition for applying CHO to NES purpose needs to be updated to allow for indicating the change of NES mode of the source cell.
There are a couple of ways to provide such indication on the NES mode of the source cell:
1. via broadcast RRC signalling (e.g. SI update, paging)
2. via dedicated RRC signalling (e.g. RRCReconfiguration)
3. via L2 signalling (e.g. MAC CE)
4. via dedicated L1 signalling (e.g. dedicated DCI)
5. via common L1 signalling (e.g.  group common DCI)
(2), (3) and (4) will result in overhead signalling as the gNB has to provide dedicated indication to each UE. Furthermore, it may not provide to all UEs in a timely manner since the PDCCH for (2-4) have to be scheduled separately.  (1) have an overhead issue as gNB will have to page the whole default DRX cycle for using SI update mechanism or paging. In addition, (1) will also have a long delay and thus does not provide a timely manner.  Hence (5) using common L1 signalling provides a timely manner and fast mechanism for signalling the indication.
Observation#3: Using common L1 signalling (e.g. DCI) provides a fast and in timely manner for the indication of the change of NES mode of the source cell. 
Proposal#2: Use common L1 signalling (e.g. group common DCI) for the indication of the change of NES mode of the source cell (in Scenario 1).
In addition, with the reuse of the CHO framework for NES purpose, there may be a need to indicate to the UE which coverage cell to handover to among the candidate PCells when the NES mode of the source cell changes. There are 2 options to provide which candidate PCell to handover to for Scenario 1:
Option 1: One of the candidate PCells in RRCReconfiguration in Step 1 is configured as handover target for Scenario 1 and when the NES mode of the source cell changes, the UE will handover to the configured handover target.
Option 2:  The handover target ID provided as part of the step 2 indication
Option 1 is an ‘implicit’ indication of the candidate PCell (as the target candidate PCell for handover is already configured using the RRC configuration in advance) while Option 2 is an explicit indication of the candidate PCell at the point where the NES mode of the source cell changes.  Option 2 is an additional enhancement to allow multiple candidate PCells for such an handover.
Proposal#3: The target candidate PCell is provided either pre-configured or explicitly indicated on the change of NES mode of the source cell.
For Scenario 2, UE is provided also with the NES mode of the candidate PCells and the execution condition also consider the NES mode of the candidate PCells when deciding on the target candidate PCells to handover to. As NES mode of candidate PCells may change, this will require further reconfiguration to the UE whenever the NES mode of candidate PCells change. Our understanding is that NES mode can change quite frequently (e.g. Cell DTX/DRX may be turned on and off dynamically) and hence this may not be suitable under the CHO framework.
Observation#4: For Scenario 2 where the CHO execution condition also considers the NES mode of target candidate PCells, depending on the NES mode definition, potential frequent reconfiguration of the NES mode of the candidate PCells will need to be considered.
Proposal#4: Postpone the discussion on Scenario 2 where the CHO execution condition also considers the NES mode of target candidate PCell to the WI phase until the definition of NES mode/cell is clearer.  
[bookmark: _Hlk110847729]3	TP for the TR
With Proposal#1 and #2, it is proposed to include the following TP in Section 6.x of the TR38.364:
<<Omitted sections>>
6.x	Higher layer aspects for network energy savings
Editor's note: This section includes common aspects of higher layers deduced from the above candidate directions (e.g., procedures or assistance information from UE side which is not specific to a particular technique/domain).
6.x.y Connected mode mobility
When the NES mode of the source cell changes, there may be a need to handover the UE to the coverage cell. CHO framework is reused for this purpose. Like CHO, this can be done in a 2-step approach:
Step 1: Like in CHO, the RRCReconfiguration with Sync messages (handover command) for each candidate PCells and the execution conditions are sent to UE in advance, but UE only stores them i.e. without executing the actual handover.
Step 2: When the execution conditions are met for a candidate PCell, the UE executes the actual handover to the candidate PCell related to the previously stored configuration provided via the last RRCReconfiguration message.  In addition of the execution conditions on radio qualities of the candidate PCells as in current CHO,  the execution condition can also be that the UE receives an indication from the serving cell that the NES mode of the cell has changed.
Common L1 signalling (e.g. group common DCI) is used for the indication of the change of NES mode of the source cell and target candidate PCell is pre-configured or provided explicitly in the indication.
<<Omitted sections>>
Proposal#5: Include the above TP to the TR 38.340.
4	Conclusion
It is requested that RAN2 agree to the proposals and observations below:
Observation#1: The signalling of the candidate PCells in advance in CHO framework avoids the signalling congestion of the handover commands when the NES mode of the source PCell changes. 
Observation#2: For Scenario 1 (UEs are Handover due to switch of SOURCE cell to NES mode), under the CHO framework, the execution condition needs to be updated to allow for indicating the change of NES mode of the source cell. Using existing execution conditions based on radio qualities of candidate PCells may not trigger the UE to handover to coverage cell to allow the NES cell to turn off.
Proposal#1: Execution condition for applying CHO to NES purpose needs to be updated to allow for indicating the change of NES mode of the source cell.
Observation#3: Using common L1 signalling (e.g. DCI) provides a fast and in timely manner for the indication of the change of NES mode of the source cell. 
Proposal#2: Use common L1 signalling (e.g. group common DCI) for the indication of the change of NES mode of the source cell (in Scenario 1).
Proposal#3: The target candidate PCell is provided either pre-configured or explicitly indicated on the change of NES mode of the source cell.
Observation#4: For Scenario 2 where the CHO execution condition also considers the NES mode of target candidate PCells, depending on the NES mode definition, potential frequent reconfiguration of the NES mode of the candidate PCells will need to be considered.
Proposal#4: Postpone the discussion on Scenario 2 where the CHO execution condition also considers the NES mode of target candidate PCell to the WI phase until the definition of NES mode/cell is clearer.  
Proposal#5: Include the TP on connected mode mobility in Section 3 to the TR 38.340.
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