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1. Introduction 
For Rel-18 further NR mobility enhancements [1], one objective is to support CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC as described below.
	4. To specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC [RAN3, RAN2]
· [bookmark: _Hlk110434277]CHO including target MCG and target SCG is used as the baseline



In this paper, we provide our views on how to address this objective.
2. Discussion 
2.1 Minimum spec change

Before Rel-17, in case MR-DC is configured, CHO is only supported in Master Node to eNB/gNB Change procedure. It means the conditional configuration for CHO cannot include the configuration of target SCG. As a TEI enhancement in Rel-17, CHO including target SCG was supported. It means SCG can be added or changed as part of the CHO execution.
Currently three cases are supported in terms of conditional configuration, i.e., CHO alone, CPAC alone, and CHO including target SCG (as direct SCG addition/change). The only specified restriction is for the combination of CHO and CPAC, i.e., “when one conditional reconfiguration is executed, the other conditional reconfigurations are released”. So, CHO and CPAC can be configured for a UE simultaneously, but only one of them can be executed while the other conditional configurations have to be released.
In Rel-18 eMOB WI [1], “as the radio link quality of the conditionally-configured PSCell may not be good enough or may not be the best candidate PSCell when the UE accesses the target PCell, and this may impact the UE throughput. To mitigate this throughput impact, Rel-18 CHO+MRDC can consider CHO including target MCG and multiple candidate SCGs for CPC/CPA.”, which means to combine CHO and CPAC together in the way that CPAC is part of CHO execution.
Since CHO alone and CPAC alone have been specified, the minimum spec changes for CHO including multiple candidate SCGs for CPC/CPA are not much. 
Change #1: the first necessary change would be to remove the following restriction in 38.331:
	condRRCReconfig
The RRCReconfiguration message to be applied when the condition(s) are fulfilled. The RRCReconfiguration message contained in condRRCReconfig cannot contain the field conditionalReconfiguration or the field daps-Config.


The reason is in case of CHO, the RRCReconfiguration within condRRCReconfig includes the masterCellGroup including the reconfigurationWithSync. And in case of CPAC, the RRCReconfiguration within condRRCReconfig includes the secondaryCellGroup including the reconfigurationWithSync. When the CHO includes multiple candidate SCGs for CPC/CPA, the RRCReconfiguration message contained in condRRCReconfig for CHO must include a conditional configuration for CPAC. So, the current restriction has to be removed.
Change #2: The second change is to enhance UE behaviour upon CHO execution to enable CPAC. For example: 
· Step 1: when the execution condition of a CHO candidate cell is met, a UE performs the execution of CHO towards this candidate target PCell. 
· [bookmark: _Hlk111030566]Step 2: As part of CHO execution, the UE starts evaluating the execution conditions of CPAC candidate cells. 
· Step 3: When the execution condition of a CPAC candidate cell is met, the UE performs the execution of CPAC towards this candidate PSCell.
Proposal 1: RAN2 to confirm the following required changes for CHO including multiple candidate SCGs for CPC/CPA:
1. the RRCReconfiguration message contained in condRRCReconfig for CHO can include a conditional configuration for CPAC.
2. to enhance UE behaviour upon CHO execution to enable CPAC. For example, 
Step 1: when the execution condition of a CHO candidate cell is met, a UE performs the execution of CHO towards this candidate PCell. 
Step 2: As part of CHO execution, the UE starts evaluating the execution conditions of CPAC candidate cells. 
Step 3: When the execution condition of a CPAC candidate cell is met, the UE performs the execution of CPAC towards this candidate PSCell.

2.2 Further optimizations for CHO including target MCG and target SCG  

[bookmark: _Hlk110434794]2.2.1 Failure handling of PSCell addition/change for CHO including target MCG and target SCG

Since CHO including target MCG and target SCG is the baseline and there was not enough time in Rel-17 for further optimization, some enhancements can be considered in Rel-18, e.g., failure handling of PSCell addition/change.
In Rel-17, the target SCG configuration can be included in conditional configuration for CHO, but SCG configuration itself is a direct configuration, i.e., without a condition. After UE receives this CHO conditional configuration, it starts evaluating each candidate PCell. When one execution condition for one candidate PCell is met, UE applies the corresponding RRCReconfiguration message, which includes both MCG configuration (for PCell change, i.e., handover) and SCG configuration (for PSCell addition or change).
Since there is a delay between the CHO configuration is sent to a UE and the UE performs CHO execution, it’s possible that the configured target SCG is not available when the execution condition (only evaluated based on the quality of candidate PCell) is met. After PSCell change part is done successfully, the UE may initiate the SCG failure information procedure to report SCG radio link failure. And MN may reconfigure another PSCell for UE or release this SCG accordingly.
To avoid the SCG failure information procedure, the UE may also perform measurements on these candidate PSCells early (e.g., the UE performs measurement simultaneously with candidate PCell), based on the measurement results, the PSCell failure detection can be done early. 
When PSCell failure is detected, UE can include this failure indication in handover complete message, i.e., RRCReconfigurationComplete message. In this case, the SCG can be still added to UE (or PSCell change is still performed), but it can be in deactivated state. The whole procedure is as illustrated in Figure 1. 


Figure 1 PSCell failure handling
Proposal 2: RAN2 to discuss whether to optimize the failure handling of PSCell addition/change for CHO including target MCG and target SCG.

2.3 Further optimizations for CHO including target MCG and candidate SCGs for CPC/CPA

2.3.1 Signalling optimization for CHO including target MCG and candidate SCGs for CPC/CPA

CHO including target MCG and candidate SCGs for CPC/CPA means two-level conditional configurations, i.e., the first level is for conditional PCell change, and the second level is for conditional PSCell change/addition (one or more candidate PSCells can be configured associated with one candidate PCell). The signalling structure is as illustrated in Figure 2.


Figure 2 signalling structure for CHO including target MCG and candidate SCGs for CPC/CPA  

Different CHO candidate PCells may have the same candidate PSCells and possibly the same SCG configuration, in this case the signalling can be enhanced to save some signalling overhead, e.g., a common candidate PSCell list is configured to UE, and each CHO candidate PCell includes the SCG index in its configuration.

A typical signalling structure is illustrated in Figure 3. Within the ConditionalReconfiguration-r16, besides of the list of candidate PCells, there is also a list of candidate PSCells.  For each candidate PCell, the CPC/CPA configuration is a list of candidate PSCell indexes, instead of candidate PSCell configuration. When different candidate PCells share the same candidate PSCells, this approach can save signalling overhead by avoiding duplicated candidate PSCell configurations. 




Figure 3 enhanced signalling structure for CHO including target MCG and candidate SCGs for CPC/CPA  
Proposal 3: RAN2 to discuss whether to optimize the signalling structure for CHO including target MCG and candidate SCGs for CPC/CPA, e.g., a common candidate PSCell list is configured to UE, and each CHO candidate PCell includes the SCG index in its configuration.

2.3.2 Joint evaluation for CHO including target MCG and candidate SCGs for CPC/CPA

The legacy processing procedure could be that a UE performs evaluation of candidate PCells first. After finishing PCell change, the UE starts evaluation of candidate PSCells if CPC/CPA is configured for this candidate PCell. 
To accelerate this processing procedure, UE may perform measurements of candidate PCells and candidate PSCells simultaneously. When the execution condition of one candidate PCell is met, UE selects this candidate PCell as target PCell, then UE checks if the execution condition of candidate PSCell is also met. If it’s met, UE can also select the corresponding PSCell and include the condReconfigId or candidate PSCell index in the RRCReconfigurationComplete message sent to new target PCell. From the perspective of mitigating the throughput impact, joint evaluation of candidate PCells and candidate PSCells is better.
Proposal 4: RAN2 to discuss whether to adopt joint evaluation of candidate PCells and candidate PSCells for CHO including target MCG and candidate SCGs for CPC/CPA.

3. Conclusion
In this paper, we discuss the CHO including target MCG and candidate SCGs for CPC/CPA, and we have the following proposals:
Proposal 1: RAN2 to confirm the following required changes for CHO including multiple candidate SCGs for CPC/CPA:
1. the RRCReconfiguration message contained in condRRCReconfig for CHO can include a conditional configuration for CPAC.
2. to enhance UE behaviour upon CHO execution to enable CPAC. For example, 
Step 1: when the execution condition of a CHO candidate cell is met, a UE performs the execution of CHO towards this candidate PCell. 
Step 2: As part of CHO execution, the UE starts evaluating the execution conditions of CPAC candidate cells. 
Step 3: When the execution condition of a CPAC candidate cell is met, the UE performs the execution of CPAC towards this candidate PSCell.
Proposal 2: RAN2 to discuss whether to optimize the failure handling of PSCell addition/change for CHO including target MCG and target SCG.
Proposal 3: RAN2 to discuss whether to optimize the signalling structure for CHO including target MCG and candidate SCGs for CPC/CPA, e.g., a common candidate PSCell list is configured to UE, and each CHO candidate PCell includes the SCG index in its configuration.
Proposal 4: RAN2 to discuss whether to adopt joint evaluation of candidate PCells and candidate PSCells for CHO including target MCG and candidate SCGs for CPC/CPA.
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