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Introduction
At last meeting, RAN2 discussed CHO with candidate SCGs and made the following agreements [1]: 
	· RAN2 agrees to support the simultaneous evaluation of CHO and CPC in Rel-18
· The UE should not need to unpack any of the nested conditionalconfiguration containers in order to measure, acc to agreement above


In this contribution, we discussed some remaining issues on CHO with candidate SCGs.
Discussions 
At last meeting, it’s agreed that the UE performs simultaneous evaluation of CHO and CPC in case of CHO with candidate SCGs. Considering that candidate SCG configurations can also be used for CPA, i.e. PCell change with PSCell addition, we think the simultaneous evaluation of CHO and CPA can be supported as well. Thus we give the proposal:
RAN2 confirms to support the simultaneous evaluation of CHO and CPC/CPA in Rel-18.
In order to support the simultaneous evaluation of CHO and CPA/CPC, the UE needs to know the execution conditions for both CHO candidates and CPA/CPC candidates when receiving the CHO with candidate SCGs for CPA/CPC. Thus, at least the execution conditions for both candidate PCell and candidate PSCell should be configured outside of the container for conditional configuration.
In order to support simultaneous evaluation, the execution conditions for both candidate PCell and candidate PSCell should be provided outside of the container for conditional configuration.
Regrading how to design the signalling structure for the CHO with candidate SCGs, there are several options to be considered. Taking the signalling structure for candidate configuration and execution conditions into account, we summarized potential solutions in the following table.
Table 1: Signaling structure for CHO with candidate SCGs for CPA/CPC
	Option 
	Signaling structure for candidate cell configuration
	Signaling structure for execution condition(s)
	Execution condition determination node

	Option 1
	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 candidate PCell
· FFS: Source MN, target MN or source SN for candidate PSCell


	Option 2
	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 PSCell
	
	

	Option 3
	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
	

	Option 4
	Separate CHO container and CPAC container, but no indication to associate the CHO configuration with CPAC configuration, i.e. meaning all candidate PSCells can associate to each candidate PCell
	
	


For option 1 and 2, the execution conditions for candidate PCell and PSCell are associated with one conditional configuration container. Compared to the current ConditionalReconfiguration structure, additional execution conditions for candidate PSCell should be introduced for CHO configuration. In option 1, since the candidate configuration in one CHO container can include one candidate MCG configuration and multiple candidate SCG configurations, some enhancements on the current conditionalReconfiguration signaling structure may be required to enable one MCG configuration associated with multiple SCG configurations in one CHO container. In option 2, the signaling on current CHO with SCG configuration can be reused. Thus, the signaling impact for option 2 is smaller than option 1. 
In option 3 and 4, 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 in option 3. 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. Thus, for option 4, it would be more complicated to match the MCG part configuration in one CPAC candidate configuration with all CHO candidate configuration, e.g. it may need to introduce multiple candidate MCG part configurations in one CPAC configuration, to match with all potential candidate PCells. 
According to the analysis for each option above, we think option 2 is a simpler way to support simultaneous 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.
To support the simultaneous evaluation, the RRCReconfigurtaion message in one CHO container includes one MCG configuration and one SCG configuration (i.e. similar to R17 CHO with SCG configuration), and the execution conditions associated with the CHO container includes triggering conditions on both candidate PCell and candidate PSCell.
If there are multiple candidate PSCells associated with one candidate PCell, the NW can provide multiple CHO configurations for the same candidate PCell, i.e. each one contains one MCG configuration (for the same candidate PCell) and one SCG configuration (for different candidate PSCell).
Another issue is how to determine the execution conditions for candidate PCell and candidate PSCell in CHO with candidate SCGs for CPA/CPC. We think the same principle for CHO and CPA/CPC can be reused. Namely, for CHO, the triggering conditions on candidate PCell is generated by the source MN, based on the source MCG MeasConfig. 
The source MN generates the execution conditions on candidate PCell, based on the source MCG MeasConfig, i.e. follow CHO principle.
Currently, both MN initiated CPA/CPC and SN initiated CPC can be supported. For MN initiated CPA/CPC, the execution conditions on candidate PSCell are generated by the source MN, i.e. event A4, based on the source MCG MeasConfig. However, in the current handover scenario, the target MN determines the target SN to be added, and the target PSCell is selected by the target SN. So the source MN has no idea about the target PSCell selected by the target SN. So it would be more suitable to let the candidate MN determine the execution conditions on candidate PSCell.
Currently, the target MN determines the target SN to be added in handover, and the target PSCell is selected by the target SN. So the source MN has no idea about the target PSCell selected by the target SN.
However, since the UE is not required to unpack the nested conditionalconfiguration containers in order to measure the execution conditions, the execution conditions for the candidate PSCells should be configured based on the source MCG MeasConfig, instead of candidate MCG MeasConfig. 
Since the UE is not required to unpack the nested conditionalconfiguration containers in order to measure the execution conditions, the execution conditions for the candidate PSCells should be provided based on the source MeasConfig, instead of candidate MeasConfig.
In this case, the candidate MN needs to inform the source MN about the prepared candidate PSCells, to let the source MN generate the corresponding conditional MeasConfig on candidate PSCell frequencies. Regarding how to generate the execution conditions, there are two options:
· Option 1: The source MN determines the execution conditions for candidate PSCell and generates the corresponding MCG MeasConfig, according to the prepared candidate PSCell informed by the candidate MN;
· Option 2: The candidate MN determines the execution conditions for candidate PSCell (e.g. event A4 threshold) and informs to the source MN the prepared candidate PSCells and associated execution conditions. The source MN generates the execution conditions based on the source MCG MeasConfig to the UE, based on the received information from the candidate MN.
Since the candidate MN is the node to manage the candidate PSCells, it would be more suitable to let the candidate MN determine the condition threshold. Thus option 2 is slightly preferred.
The candidate MN determines the execution conditions for candidate PSCells (e.g. event A4 threshold).
The candidate MN informs the source MN about the prepared candidate PSCells and associated execution conditions (e.g. event A4 threshold). According to the received information from the candidate MN, the source MN generates the execution conditions based on the source MCG MeasConfig to the UE, .
Besides, the existing CPC can also be initiated by the source SN. In this case, the source SN provides the measurement results related to the target SN, the suggested candidate PSCell list and the associated execution condition to the source MN. In handover scenario, the source MN needs to further transfer such information (may not include the execution conditions) received from the source SN to the target MN, and then the target MN sends such information to the target SN. According to the information provided by the source SN, the target SN can select the prepared candidate PSCells. But for handover, it’s the target MN to decide which SN to be added as the target SN. So it’s a bit strange to let the source SN suggest the candidate SN and candidate PSCells at the beginning. 
However, considering the execution condition provided to the UE should be based on the source MeasConfig, it’s also possible to make the source SN generate the execution conditions based on events A3/A5 after the candidate PSCells are determined by the target node. In this case, the candidate MN can determine whether to let the source SN generate the execution conditions for prepared candidate PSCell, e.g. at least in case of the handover without SN change (i.e. the source SN and the target SN is the same node). Taking CHO without SN change as an example, the candidate MN can request the source SN to generate the execution conditions for candidate PSCells belonging to the SN when requesting the SN addition. And the source SN can directly generate the execution conditions based on the source SCG MeasConfig. And then the source SN can send the execution conditions for candidate PSCells to the target MN, and the target MN transfers this to the source MN, to generate the final conditional configuration. We see no much additional work to support this procedure, based on the current handover procedure + SN initiated intra-SN CPC procedure. 
In handover without SN change, it’s possible to let the source SN generate the execution conditions for candidate PSCells belonging to the same SN when the target MN requests SN addition to the source SN, i.e. no need additional inter-node interaction.
RAN2 to consider whether the source SN can determine and generate the execution conditions for candidate PSCells (i.e. event A3/A5, based on source SCG MeasConfig), e.g. at least for CHO without SN change.
Based on proposals above, an example of ASN.1 structure for CHO with candidate SCGs configuration is show as follows:
	
CondReconfigToAddModList information element
-- ASN1START
-- TAG-CONDRECONFIGTOADDMODLIST-START

CondReconfigToAddModList-r16 ::= SEQUENCE (SIZE (1.. maxNrofCondCells-r16)) OF CondReconfigToAddMod-r16

CondReconfigToAddMod-r16 ::=     SEQUENCE {
    condReconfigId-r16               CondReconfigId-r16,
    condExecutionCond-r16            SEQUENCE (SIZE (1..2)) OF MeasId                      OPTIONAL,    -- Need M
    condRRCReconfig-r16              OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,    -- Cond condReconfigAdd
    ...,
    [[
    condExecutionCondSCG-r17         OCTET STRING (CONTAINING CondReconfigExecCondSCG-r17) OPTIONAL     -- Need M
]]
[[
    condExecutionCondPSCell-r18            SEQUENCE (SIZE (1..2)) OF MeasId                      OPTIONAL,    -- Need M
FFS: condExecutionCondSCGPSCell-r18         OCTET STRING (CONTAINING CondReconfigExecCondSCG-r17) OPTIONAL     -- Need M
    ]]
Editor’s note: FFS whether whether the source SN can determine and generate the execution conditions for candidate PSCells in CHO with candidate SCGs.
}
CondReconfigExecCondSCG-r17 ::=  SEQUENCE (SIZE (1..2)) OF MeasId

-- TAG-CONDRECONFIGTOADDMODLIST-STOP
-- ASN1STOP

	CondReconfigToAddMod field descriptions

	condExecutionCondPSCell
The execution condition that needs to be fulfilled in order to trigger the execution of a conditional reconfiguration for CHO with candidate SCGs. When configuring 2 triggering events (Meas Ids) for a candidate cell, the network ensures that both refer to the same measObject. The network only indicates MeasId(s) associated with condEventA4.

	condExecutionCondSCGPSCell
Contains execution condition that needs to be fulfilled in order to trigger the execution of a conditional reconfiguration for CHO with candidate SCGs. The Meas Ids refer to the measConfig associated with the SCG. When configuring 2 triggering events (Meas Ids) for a candidate cell, network ensures that both refer to the same measObject. The network only indicates MeasId(s) associated with condEventA3 or condEventA5.





Thus, at least a new field should be introduced to indicate the execution conditions for candidate PSCell in case of CHO with candidate SCGs, e.g. condExecutionCondPSCell IE.
Regarding ASN.1 structure for CHO with candidate SCGs, RAN2 to introduce at least a new field in the current ConditionalReconfiguration to indicate the execution conditions for candidate PSCell, e.g. condExecutionCondPSCell IE.
In simultaneous 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. 
When execution conditions on candidate PCell and candidate PSCell are met simultaneously, the UE performs CHO with SCG procedure 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. 
When the execution condition(s) on candidate PSCell is met but the execution condition(s) 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 candidate PSCell is not met, if the UE waits for the satisfaction of execution condition on candidate PSCell to trigger the CHO with SCG execution, the PCell change may be delayed, which may cause the MCG failure and increase the HO failure rate. This is not desired behaviour from the UE performance perspective.
When the execution condition on candidate PCell is met but the execution condition on candidate PSCell is not met, the PCell change should not be delayed, to avoid MCG failure caused by the late handover.
In order to not delay the PCell change, the UE can apply the whole CHO with SCG configuration for the target PCell and PSCell, 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 RRCReconfigurationComplete message. Then, if needed, the NW can decide to release or reconfigure the SCG, or send the new/updated execution condition for 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.
When the execution condition(s) on candidate PCell is met but the execution condition(s) on candidate PSCell is not met, the UE applies the whole CHO with SCG configuration, but only performs random access to the target PCell, i.e. not access to the target PSCell immediately (the SCG is considered in SCG deactivated state).
The UE can inform the target MN about the SCG state after completion random access to the target PCell, e.g. via RRCReconfigurationComplete message. 
Conclusion and Proposals
In this contribution, we discussed remaining issues on CHO with candidate SCGs with the following observations and proposals:
Observation 1: In order to support simultaneous evaluation, the execution conditions for both candidate PCell and candidate PSCell should be provided outside of the container for conditional configuration.
Observation 2: Currently, the target MN determines the target SN to be added in handover, and the target PSCell is selected by the target SN. So the source MN has no idea about the target PSCell selected by the target SN.
Observation 3: Since the UE is not required to unpack the nested conditionalconfiguration containers in order to measure the execution conditions, the execution conditions for the candidate PSCells should be provided based on the source MeasConfig, instead of candidate MeasConfig.
Observation 4: In handover without SN change, it’s possible to let the source SN generate the execution conditions for candidate PSCells belonging to the same SN when the target MN requests SN addition to the source SN, i.e. no need additional inter-node interaction.
Observation 5: When the execution condition on candidate PCell is met but the execution condition on candidate PSCell is not met, the PCell change should not be delayed, to avoid MCG failure caused by the late handover.

Proposal 1: RAN2 confirms to support the simultaneous evaluation of CHO and CPC/CPA in Rel-18.
Proposal 2: To support the simultaneous evaluation, the RRCReconfigurtaion message in one CHO container includes one MCG configuration and one SCG configuration (i.e. similar to R17 CHO with SCG configuration), and the execution conditions associated with the CHO container includes triggering conditions on both candidate PCell and candidate PSCell.
Proposal 3: If there are multiple candidate PSCells associated with one candidate PCell, the NW can provide multiple CHO configurations for the same candidate PCell, i.e. each one contains one MCG configuration (for the same candidate PCell) and one SCG configuration (for different candidate PSCell).
Proposal 4: The source MN generates the execution conditions on candidate PCell, based on the source MCG MeasConfig, i.e. follow CHO principle.
Proposal 5: The candidate MN determines the execution conditions for candidate PSCells (e.g. event A4 threshold).
Proposal 6: The candidate MN informs the source MN about the prepared candidate PSCells and associated execution conditions (e.g. event A4 threshold). According to the received information from the candidate MN, the source MN generates the execution conditions based on the source MCG MeasConfig to the UE, .
Proposal 7: RAN2 to consider whether the source SN can determine and generate the execution conditions for candidate PSCells (i.e. event A3/A5, based on source SCG MeasConfig), e.g. at least for CHO without SN change.
Proposal 8: Regarding ASN.1 structure for CHO with candidate SCGs, RAN2 to introduce at least a new field in the current ConditionalReconfiguration to indicate the execution conditions for candidate PSCell, e.g. condExecutionCondPSCell IE.
Proposal 9: When execution conditions on candidate PCell and candidate PSCell are met simultaneously, the UE performs CHO with SCG procedure to access the target PCell and target PSCell.
Proposal 10: When the execution condition(s) on candidate PSCell is met but the execution condition(s) on candidate PCell is not met, the UE continues to evaluate the candidate PCell.
Proposal 11: When the execution condition(s) on candidate PCell is met but the execution condition(s) on candidate PSCell is not met, the UE applies the whole CHO with SCG configuration, but only performs random access to the target PCell, i.e. not access to the target PSCell immediately (the SCG is considered in SCG deactivated state).
Proposal 12: The UE can inform the target MN about the SCG state after completion random access to the target PCell, e.g. via RRCReconfigurationComplete message.
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