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1. Introduction
[bookmark: OLE_LINK1]At RAN2#120 meeting, RAN2 discussed CHO with candidate SCGs and made the following agreements: 
	· Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation)



In this contribution, we discussed some open issues on CHO with candidate SCGs.
2. Discussion
At last meeting, it’s agreed that the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled. However, regarding how to perform the evaluation of execution conditions for candidate PCells and candidate PSCells, no consensus was reached. And there are two options on the table:
· Option 1: sequential evaluation: the UE firstly evaluates candidate PCells and triggers the execution of CHO (including Rel-17 CHO with SCG), and then starts the evaluation on candidate PSCells 
· Option 2: parallel evaluation: the UE performs the evaluation on candidate PCells and candidate PSCells simultaneously
Before deciding which option to be adopted, we can firstly research the signaling structure on how to configure CHO configuration with CPAC configuration, and how to generate the execution conditions for candidate PCell and candidate PSCell for each potential signaling structure. We summarized potential solutions in the following table.
Table 1: Signaling structure for CHO with candidate SCGs
	Option 
	Signaling structure for candidate cell configuration
	Signaling structure for execution condition(s)
	Execution condition determination node

	Option 1: sequential evaluation
	CPAC configuration within CHO configuration, i.e. the RRCReconfiguration contained in CHO container includes the field conditionalReconfiguration for CPAC
	· Execution condition(s) for PCell is associated with CHO container;
· Execution condition(s) for PSCell is associated with CAPC container

	· Source MN for PCell
· Target MN or target SN (if configured in CHO) for PSCell


	Option 2: parallel evaluation
	2a: a CHO container including one candidate PCell/MCG configuration associated with multiple candidate PSCell/SCG configurations
	Execution condition(s) for PCell and PSCell is associated with CHO container

	· Source MN for PCell
· Source MN or source SN for PSCell


	
	2b: a CHO container including one candidate PCell/MCG configuration associated with one candidate PSCell/SCG configuration (i.e. R17 CHO with SCG configuration)
Note: there may be multiple CHO configurations, each one including the same PCell but different PSCells
	Execution condition(s) for PCell and PSCell is associated with CHO container

	

	
	2c: separate CHO container and CPAC container, and a configuration associating the CHO container with CPAC container, e.g. associating the CHO configuration index with the CPAC configuration index
	· Execution condition(s) for PCell is associated with CHO container;
· Execution condition(s) for PSCell is associated with CAPC container
	


In sequential evaluation, i.e. option 1, the UE firstly evaluates and executes CHO procedure, and then evaluates and executes CPAC procedure. The existing CHO and CPAC procedure can be easily reused. Besides, the current RRC signaling can simply support to configure a CHO configuration containing a CPA/CPC configuration, if RAN2 remove the restriction that “The RRCReconfiguration message contained in condRRCReconfig cannot contain the field conditionalReconfiguration”. No additional signaling enhancement is required.
Observation 1: For sequential evaluation, the UE firstly evaluates and executes CHO procedure, and then evaluates and executes CPAC procedure. The existing CHO and CPAC procedure can be reused. And the current RRC signaling can easily support CPAC configuration within CHO configuration.
Thus, we propose to at least support sequential evaluation for CHO with candidate SCGs, i.e. option 1.
Proposal 1: Sequential evaluation on candidate PCells and candidate PSCells is supported for CHO with candidate SCGs. I.e. the UE firstly evaluates and executes CHO procedure, and then evaluates and executes CPAC procedure.
Proposal 2：CHO configuration including a cascaded CPA/CPC configuration is supported. 
In case of CHO with cascaded CPAC, the source MN decides the execution condition on candidate PCell for CHO. The target MN decides the execution condition on candidate PSCell for CPA and MN initiated CPC, while the SN (if configured within CHO configuration) decides the execution condition on candidate PSCell for SN initiated CPC.
Proposal 3: In CHO with cascaded CPAC, the source MN decides the execution conditions on candidate PCells for CHO. The target MN decides the execution conditions on candidate PSCells for CPA and MN initiated CPC, while the target SN (if configured within CHO configuration) decides the execution conditions on candidate PSCells for SN initiated CPC.
In parallel evaluation, i.e. option 2, several signaling structures can be considered to associate one candidate MCG configuration and multiple candidate SCG configurations. The execution conditions for both candidate PCell and candidate PSCell should be associated with CHO configuration. For option 2a and 2b, additional execution conditions for candidate PSCell should be introduced for CHO configuration In option 2a, since the candidate configuration in one CHO container shall include one candidate MCG configuration and multiple candidate SCG configurations, some enhancements on the current conditional reconfiguration signaling structure may be required to enable one MCG configuration associated with multiple SCG configurations in one CHO container. In option 2b, the signaling on current CHO with SCG configuration can be reused. Thus, the signaling impact for option 2b is smaller than option 2a. In option 2c, the current CHO configuration can be reused for candidate PCell, while the CPAC configuration can be reused for candidate PSCell. But an additional mapping between the CHO configuration and CPAC configuration needs to be provided. Besides, since the CPAC configuration may also include MCG part configuration, this MCG configuration should be consistent with the MCG configuration in the associated CHO configuration. 
[bookmark: _GoBack]According to the analysis for each option, we think option 2b is a simpler way to support parallel evaluation on candidate PCells and candidate PSCells. In this way, additional execution condition(s) for candidate PSCell is required to be introduced for CHO with SCG configuration.
Proposal 4: In order to support parallel evaluation on candidate PCells and candidate PSCells, the execution conditions for CHO with SCG configuration can include triggering conditions on candidate PCell and candidate PSCell.
In this case, the triggering conditions on candidate PCell is generated by the source MN, while the triggering conditions on candidate PSCell is generated by the source MN or the source SN, e.g. similar to CPAC.
Proposal 5: For parallel evaluation, the source MN decides the triggering conditions on candidate PCells, while the source MN or the source SN decides the triggering conditions on candidate PSCells.
Both parallel evaluation and sequential evaluation can be supported for CHO with SCG. The UE can determine whether to perform parallel evaluation on candidate PCells and candidate PSCells, according to the execution conditions associated with CHO configuration. If the execution conditions for CHO include triggering events on candidate PCell and candidate PSCell, the UE shall perform parallel evaluation upon reception of the CHO configuration. Otherwise, the UE shall only perform the evaluation on candidate PCell for CHO.
Proposal 6: If the execution conditions for CHO include triggering conditions on candidate PCell and candidate PSCell, the UE shall perform parallel evaluation upon reception of the CHO configuration, i.e. evaluates candidate PCell and candidate PSCell simultaneously. Otherwise, the UE shall perform sequential evaluation.
In parallel evaluation, when the execution conditions on candidate PCell and candidate PSCell are met simultaneously, the UE shall perform CHO with SCG to access the target PCell and target PSCell. 
Proposal 7: In parallel evaluation, if the triggering conditions on candidate PCell and candidate PSCell are met simultaneously, the UE performs CHO with SCG to access the target PCell and target PSCell.
When the execution condition on candidate PSCell is met but the execution condition on candidate PCell is not met, the UE should continue to evaluate the execution conditions on candidate PCell since it’s agreed that the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled. 
Proposal 8: In parallel evaluation, if the triggering condition on candidate PSCell is met but the triggering condition on candidate PCell is not met, the UE continues to evaluate the candidate PCell.
When the execution condition on candidate PCell is met but the execution condition on PSCell is not met, in order to not delay the PCell change, the UE can apply the whole CHO with SCG configuration for the target PCell, but only perform random access to the target PCell, i.e. suspend to perform random access to the target PSCell (keep the SCG in deactivated state). And the UE can inform the target MN about the SCG state via RRC reconfiguration complete message. Then, if needed, the NW can decide to release or reconfigure the SCG, or send the new/updated execution condition on the PSCell. If receiving the the new/updated execution condition, the UE can restart the evaluation on the PSCell and perform random access to the PSCell when the condition is met.
Proposal 9: In parallel evaluation, if the triggering condition on candidate PCell is met but the triggering condition on candidate PSCell is not met, the UE applies CHO with SCG configuration, and only performs random access to the target PCell, but not for target PSCell, i.e. the SCG can be considered in SCG deactivated state.
Proposal 10: The UE can inform the target MN about the SCG state after completion random access to the target PCell, e.g. via RRCReconfigurationComplete message.  
The flow charts for the configuration and execution of CHO with candidate SCGs are shown in the Annex.
3. Conclusion and proposals
In this contribution, we discussed CHO with candidate SCGs with the following observations and proposals:
Observation 1: For sequential evaluation, the UE firstly evaluates and executes CHO procedure, and then evaluates and executes CPAC procedure. The existing CHO and CPAC procedure can be reused. And the current RRC signaling can easily support CPAC configuration within CHO configuration.
Proposal 1: Sequential evaluation on candidate PCells and candidate PSCells is supported for CHO with candidate SCGs. I.e. the UE firstly evaluates and executes CHO procedure, and then evaluates and executes CPAC procedure.
Proposal 2：CHO configuration including a cascaded CPA/CPC configuration is supported. 
Proposal 3: In CHO with cascaded CPAC, the source MN decides the execution conditions on candidate PCells for CHO. The target MN decides the execution conditions on candidate PSCells for CPA and MN initiated CPC, while the target SN (if configured within CHO configuration) decides the execution conditions on candidate PSCells for SN initiated CPC.
Proposal 4: In order to support parallel evaluation on candidate PCells and candidate PSCells, the execution conditions for CHO with SCG configuration can include triggering conditions on candidate PCell and candidate PSCell.
Proposal 5: For parallel evaluation, the source MN decides the triggering conditions on candidate PCells, while the source MN or the source SN decides the triggering conditions on candidate PSCells.
Proposal 6: If the execution conditions for CHO include triggering conditions on candidate PCell and candidate PSCell, the UE shall perform parallel evaluation upon reception of the CHO configuration, i.e. evaluates candidate PCell and candidate PSCell simultaneously. Otherwise, the UE shall perform sequential evaluation.
Proposal 7: In parallel evaluation, if the triggering conditions on candidate PCell and candidate PSCell are met simultaneously, the UE performs CHO with SCG to access the target PCell and target PSCell.
Proposal 8: In parallel evaluation, if the triggering condition on candidate PSCell is met but the triggering condition on candidate PCell is not met, the UE continues to evaluate the candidate PCell.
Proposal 9: In parallel evaluation, if the triggering condition on candidate PCell is met but the triggering condition on candidate PSCell is not met, the UE applies CHO with SCG configuration, and only performs random access to the target PCell, but not for target PSCell, i.e. the SCG can be considered in SCG deactivated state.
Proposal 10: The UE can inform the target MN about the SCG state after completion random access to the target PCell, e.g. via RRCReconfigurationComplete message.   
4. Reference
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Annex
· Sequential evaluation
Taking CHO with CPA/MN initiated CPC as an example, a flow chart for the two-step conditional execution is shown as follows:
A flow chart for the two-step conditional execution:


Figure 1 CHO with CPA/MN initiated CPC - two-step conditional execution
Phase 1: CHO with cascaded CPA/CPC configuration preparation
Step 1-6: The NW configures multiple candidate MNs for CHO, and also each candidate MN configures multiple candidate SNs for CPA/CPC. The UE receives and stores multiple CHO configuration with cascaded CPA/CPC configuration from the NW.
Phase 2: 1st CHO execution
Step 7-11: The UE starts the evaluation on candidate PCells. When the UE detects at least one of execution condition(s) for candidate PCell is satisfied, it executes CHO to that candidate PCell. The UE releases stored CHO with cascaded CPA/CPC configuration after successful completion of CHO execution. Then the NW releases other candidate PCells and its corresponding candidate SNs.
Phase 3: 2nd CPA/CPC execution
Step 12-14: The UE starts the evaluation on candidate PSCells. When the UE detects at lease one of execution condition(s) for candidate PSCell is satisfied, it executes CPA/CPC to that candidate PSCell. The UE releases other stored CPA/CPC configuration after successful completion of CPA/CPC execution. Then the NW releases other candidate PSCells and releases the source SN for CPC.
· Parallel evaluation
Taking CHO with CPA/MN initiated CPC as an example, a flow chart for the one-step conditional execution is shown as follows:
A flow chart for the one-step conditional execution:


Figure 2 CHO with CPA/MN initiated CPC - one-step conditional execution
Phase 1: CHO with CPA/CPC configuration preparation
Step 1-6: The NW has configured multiple candidate MNs for CHO, and also each candidate MN configures multiple candidate SNs for CPA/CPC. The NW sends multiple CHO configuration with cascaded CPA/CPC configuration to the UE.
Phase 2: CHO with CPA/CPC execution
Step 7-11: The UE performs the evaluation on candidate PCells and candidate PSCells simultaneously.When the UE detects the execution conditions for candidate PCell and its corresponding PSCell are satisfied, it executes CHO with CPA/CPC within a union conditional reconfiguration. The UE releases stored CHO with CPA/CPC configuration after successful completion of CHO with CPA/CPC execution. Then the NW releases other candidate MNs and other candidate SNs, and releases the source SN for CPC.
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