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Introduction
In RAN2#119e [1], the following agreements were made on CHO including target MCG and candidate SCGs.
	Observation: Current RAN2 Stage-3 specifications can support CHO including target MCG and target SCG in Rel-17.
CHO configuration referring to or including CPC/CPA configuration (intended to be applicable together) can be supported.
FFS: When triggering CHO, UE perform CPC/CPA configuration to start CPC/CPA evaluation, FFS if CHO evaluation and CPC/CPA evaluation is concurrent or sequential.



In this contribution, we give our further considerations on CHO including target MCG and candidate SCGs.
In section 2, we discuss the scenarios, baseline procedure and key issues in the procedure, the proposals are summarized in section 3.
Discussion
Scenarios and execution conditions
It is FFS whether CHO evaluation and CPC/CPA evaluation is concurrent or sequential, according to RAN2#119e agreement [1],
	FFS: When triggering CHO, UE perform CPC/CPA configuration to start CPC/CPA evaluation, FFS if CHO evaluation and CPC/CPA evaluation is concurrent or sequential.



In our understanding, the objective (i.e. CHO including target MCG and candidate SCGs) is to improve UE throughput by selecting a best one from the candidate PSCells when CHO triggers, according to the following description quoted from the WID [2],

	Currently, CHO and MR-DC cannot be configured simultaneously. This limits the usefulness of these two features when MR-DC is configured. If it is not completed in Rel-17, Rel-18 should specify mechanisms for CHO and MR-DC to be configured simultaneously. However, this alone may not be sufficient to optimise MR-DC mobility, 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. 



For the feature (i.e. CHO including target MCG and target SCG) which is already supported in R17, the target SCG is determined by T-MN before UE moves to the coverage of the T-MN. Considering the evaluation for CHO with SCG is for PCell, and the coverage of the PCell is larger than the PSCell in general, upon the CHO execution, it can’t ensure the PSCell is under good channel quality. It may impact the UE mobility performance and the throughout, since the configured target PSCell may be in poor radio link quality when UE access the target PCell. Because of the above issue, R18 decide to further research on the enhancement of CHO including target MCG and candidate SCGs. 
Observation 1:  The R18 CHO including target MCG and candidate SCGs is the enhancement for CHO with SCG configuration scenario, i.e., NW pre-configures multiple candidate SCGs associated to one MCG so that to ensure that UE can choose and access proper MCG and SCG simultaneously.
Based on the above analysis, it is clear that the benefit of the R18 CHO with target MCG and candidate SCGs is to ensure UE to evaluate and decide on the target MCG as well as the associated target SCG to be accessed simultaneously, by pre-configuring multiple candidate SCGs associated with each candidate MCG. 
Proposal 1: It is supported that UE can access target MCG and one of the candidate SCGs simultaneously.
Execution condition of candidate PCells
There is no issue foreseen if the legacy execution condition for CHO is reused for candidate PCells.
Therefore, it is straightforward to reuse it directly.
Proposal 2: The legacy execution condition for CHO is reused for candidate PCells.
Execution condition of candidate PSCells
In legacy CHO/CPAC, the execution condition is one or two measId, which links a MO associated with the candidate cells, as well as a reportConfigId associated with conditional event, e.g., condEvent A3/A5/A4/B1, and corresponding TTT. However, considering that the intention of the WID is to best ensure that UE can decide proper target PCell and the corresponding PSCells simultaneously, i.e., try best to ensure that the execution condition of candidate PCell and the corresponding candidate PSCells can be satisfied at the same time. But with the setting of TTT, it may be difficult to satisfy the execution condition of candidate PCell and its corresponding PSCells simultaneously. 
Observation 2: Due to the TTT configured in the CondA3/A5/A4/B1, it is difficult to satisfy the execution condition of candidate PCell and its corresponding PSCells simultaneously if the legacy execution condition for CPAC is reused.  
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As an alternative to simply reuse the legacy CondA3/A5/A4/B1, a new type of execution condition, i.e., threshold for RSRP or RSRQ, can be configured as execution condition for candidate PSCells.
Proposal 3: Down select the execution condition for candidate PSCells:
· Option 1: Reuse legacy execution condition for CPAC
· Option 2: Define a threshold to select  the target PSCell from the candidate PSCells
On UE Aspects
When to perform CHO evaluation and CPC/CPA evaluation
If proposal 1 is to be supported, it is not possible if UE firstly evaluate CHO and then to evaluate CPAC after UE successfully access the target PCell. Therefore, so UE should perform CHO evaluation and CPC/CPA evaluation upon reception of the configuration for CHO including MCG and candidate SCGs.
Proposal 4: UE performs the execution condition evaluation of candidate PCells and associated candidate PSCells simultaneously upon reception of the configuration. 
How to trigger the CHO including target MCG and candidate SCGs
After UE receives the configuration of CHO including target MCG and candidate SCGs within the MN RRCReconfiguration message, UE will evaluate the execution condition for the candidate PCell and the candidate PSCells simultaneously. And there may be three possible cases for the execution condition satisfaction: 
· Case 1: the execution condition of candidate PCell and its corresponding candidate PSCell(s) are satisfied at the same time; 
· Case 2: only the execution condition of candidate PCell is satisfied; 
· Case 3: only the execution condition of candidate PSCell is satisfied.
For Case 1, it is natural that UE should trigger execution of configurations of the selected candidate MCG and its corresponding candidate SCG. 
Proposal 5: When the execution condition of candidate PCell and at least one of its associated candidate PSCell(s) are satisfied simultaneously, UE accesses the selected MCG and selected SCG simultaneously.
For Case 2, since PCell is responsible for providing the coverage and connection, thus once the execution condition of candidate PCell is satisfied, i.e., which means that the source MN is not good enough for UE to access, UE shall at least have to perform PCell handover, even when the execution condition of the corresponding candidate PSCell is still not met. However, since the configuration of the candidate PSCell and candidate PCell are mixed, i.e., some SCG configuration is configured within the MCG RRCReconfiguration message, and the legacy spec does not allow only performing part of configuration. Thus, RAN2 need to further discuss the UE behavior once only the execution condition of candidate PCell is satisfied.
For Case 3, since PSCell is not that important as PCell, thus it is not so urgent to perform the PSCell change once only the execution condition of PSCell is satisfied, and generally, the SCG configuration and the MCG configuration is use cooperatively, and the MCG configuration has the high priority due to MN is the main control node, UE couldn’t apply the candidate SCG configuration without applying the candidate MCG configuration. How UE behaves needs to consider further. One possible way may be that UE continues to evaluate all of the candidate PCell and its corresponding candidate PSCells.  
Proposal 6: FFS UE behavior if only the execution condition of candidate PCell or the execution condition of candidate PSCell(s) is met.
Indication of the information of the selected candidate PSCell to target MN
When the execution of the CHO including target MCG and candidate SCGs is triggered, UE will send the MN RRCReconfigurationComplete message which includes the SN RRCReconfigruationComplete to the chosen target MN, and then the target MN needs to forward the SN RRCReconfigurationComplete message to the corresponding target SN. However, there may be multiple candidate PSCells for one candidate PCell in case of CHO including target MCG and candidate SCGs, thus some indication from UE on the selected target PSCell is required so that the target MN can correctly forward the embedded SN RRCReconfigurationComplete message to the selected target SN. 
Observation 3: When the execution of the CHO including target MCG and candidate SCGs is triggered, the target MN needs to know the selected target PSCells so that it can correctly forward the embedded SN RRCReconfigurationComplete message to the selected target SN. 
One may argue that R17 CPAC already supports that UE indicates the selectedCondRRCReconfig (CondReconfigId) within the RRCReconfigurationComplete message to the MN [3]. However, for CHO including target MCG and candidate SCGs, the configuration of the CHO including target MCG and candidate SCGs is generated by the source MN, i.e., target MN has no awareness of the CondReconfigId. Thus, the R17 selectedCondRRCReconfig cannot be reused for R18 CHO including target MCG and candidate SCGs. 
Observation 4: The R17 IE selectedCondRRCReconfig within the MN RRCReconfigurationComplete message is not applicable for CHO including target MCG and candidate SCGs.
Based on above analysis, RAN2 need to further consider how to indicate the information of the selected target PSCell to the target MN within the MN RRCReconfigurationComplete message, and the indicated information o the selected target PSCell should be available for the target MN, e.g., via the PCI and/or frequency explicitly, or via the rrc-TransactionIdentifier implicitly by extending the maximum number if needed. 
Proposal 7: UE indicates the information of the selected target PSCell to the target MN. FFS the details. 
On NW Aspects
Which node to initiate the preparation of CHO including target MCG and candidate SCGs 
Only the source MN knows whether the UE can support the CHO including target MCG and candidate SCGs based on UE capability, thus it is straightforward that the source MN initiates the procedure of CHO including target MCG and candidate SCGs. 
Proposal 8: Source MN initiates the preparation procedure of CHO including target MCG and candidate SCGs towards the candidate PCell.
Which node to recommend candidate PCells and candidate PSCells

Similar as legacy CHO procedure, it is nature that the source MN decides the candidate PCells based on the received measurement results, and then initiates the conditional handover procedure towards the chosen candidate PCells. 
Proposal 9: Source MN recommends candidate PCells, and the candidate MN can decide whether to accept the recommended PCells.
Since whether there is interface between candidate MN and candidate SN is transparent to the source MN, thus it is more proper for the candidate MN to decide the candidate PSCells. 
Proposal 10: Candidate MN recommends the associated candidate PSCells.
Which node to decide execution condition of candidate PCells/PSCells
Since the candidate PCells are recommended by the source MN, and there is enough information to assist the source MN to decide the execution condition for candidate PCells, i.e., the deployment scenario, the measurement results, it is straightforward that the source MN decides and generates the execution condition of candidate PCells.
Proposal 11: Source MN decides the execution condition for the candidate PCells.
In legacy CHO/CPAC, the general principle is that the node which recommends the candidate cells shall decide the corresponding execution condition. As for CHO with target MCG and candidate SCGs, it is the candidate MN to decide the recommended candidate PSCells. Besides, the source MN does not have enough information to decide the value of the threshold within the conditional event for candidate SCG associated with candidate MCG.  Thus, based on above issue, it is proposed that the candidate MN shall decide the execution condition.
Proposal 12: Candidate MN decides the execution condition of the associated candidate PSCells.
On the conditional RRCReconfiguration message for one candidate MCG and its associated candidate SCG(s)
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]After candidate MN decide to accept the recommended candidate PCells as requested by the source MN, candidate MN shall decide the recommended candidate PSCells and initiate the conditional SN addition request message to request the candidate SN for the configuration of candidate PSCells. And candidate SN shall response the corresponding SCG configurations for the accepted candidate PSCells via the conditional SN addition ack message. Then it is nature that the candidate MN generates the RRCReconfiguration message for its accepted candidate PCell and the associated candidate PSCells, e.g., the RRCReconfiguration message includes the configurations for candidate MN and the corresponding candidate SN.  
Proposal 13: Candidate MN generates the RRCReconfiguration message (i.e. the message in the container of condRRCReconfig) including the configuration of its candidate PCell and the configuration of the associated candidate PSCells.
However, considering that there may be multiple candidate SCGs for the same candidate MCG, the legacy signaling structure, i.e., one MN RRC reconfiguration message corresponds to one SN RRC reconfiguration message will lead to additional signaling overhead. And the following two options can be considered.
Option 1: reuse the legacy signaling structure for the RRCReconfiguration message, i.e., one MN RRC reconfiguration message corresponds to one SN RRC reconfiguration;
Option 2: one MN RRCReconfiguration message can include multiple SN RRCReconfiguration message;


Figure 1: Signaling structure of option 1(left) vs signaling structure of option 2 (right)
Option 1is supported in current spec, but this option introduces more signaling overhead as configuration of one MN are repeat multiple times, so it is proposed to discuss whether option 2 is supported.
[bookmark: _GoBack]Proposal 14: Discuss whether to support that one RRCReconfiguration message (i.e. the message in the container of condRRCReconfig) for one candidate MN can include RRCReconfiguration message for multiple candidate SNs.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17]Which node to generate and provide the configurations to UE
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK1][bookmark: OLE_LINK2]After receiving the RRCReconfiguration message(s) for one candidate MCG and its associated candidate SCG(s), as well as the execution condition for PSCells, or the assistance information to generate the execution condition for PSCells from the candidate MN, the source MN shall generate the configurations for CHO including target MCG and candidate SCGs, i.e., a list of conditional reconfiguration, where each entry associates with one CondReconfigId, the RRCReconfiguration message for one candidate MCG and its associated candidate SCG(s), the execution condition for the candidate PCell, as well as the execution condition for the candidate PSCell(s). Details can be seen as the figure 2. And then, the source MN will provide the CHO including target MCG and candidate SCGs to UE via the MN RRCReconfiguration message.  


Figure 2: the signaling structure of the configurations for CHO including target MCG and candidate SCGs
Proposal 15: Source MN generates the final configurations for CHO including target MCG and candidate SCGs, and provides it via the RRCReconfiguration message to UE.  
Baseline procedure 
The general procedure of CHO including target MCG and candidate SCGs can be illustrated as below,



Figure 3: procedure of CHO including target MCG and candidate SCGs when the execution condition of MCG and SCG are satisfied simultaneously
Proposal 16: Take procedure in Figure 3 as baseline procedure for CHO including target MCG and candidate SCGs.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the previous analysis in section 2, our main contributions are summarized as follows:
Scenarios for CHO including target MCG and candidate SCGs
Observation 1:  The R18 CHO including target MCG and candidate SCGs is the enhancement for CHO with SCG configuration scenario, i.e., NW pre-configures multiple candidate SCGs associated to one MCG so that to ensure that UE can choose and access proper MCG and SCG simultaneously.
Proposal 1: It is supported that UE can access target MCG and one of the candidate SCGs simultaneously.
Proposal 2: The legacy execution condition for CHO is reused for candidate PCells.
Observation 2: Due to the TTT configured in the CondA3/A5/A4/B1, it is difficult to satisfy the execution condition of candidate PCell and its corresponding PSCells simultaneously if the legacy execution condition for CPAC is reused.  
Proposal 3: Down select the execution condition for candidate PSCells:
· Option 1: Reuse legacy execution condition for CPAC
· Option 2: Define a threshold to select  the target PSCell from the candidate PSCells
On UE Aspects
Proposal 4: UE performs the execution condition evaluation of candidate PCells and associated candidate PSCells simultaneously upon reception of the configuration. 
Proposal 5: When the execution condition of candidate PCell and at least one of its associated candidate PSCell(s) are satisfied simultaneously, UE accesses the selected MCG and selected SCG simultaneously.
Proposal 6: FFS UE behavior if only the execution condition of candidate PCell or the execution condition of candidate PSCell(s) is met.
Observation 3: When the execution of the CHO including target MCG and candidate SCGs is triggered, the target MN needs to know the selected target PSCells so that it can correctly forward the embedded SN RRCReconfigurationComplete message to the selected target SN. 
Observation 4: The R17 IE selectedCondRRCReconfig within the MN RRCReconfigurationComplete message is not applicable for CHO including target MCG and candidate SCGs.
Proposal 7: UE indicates the information of the selected target PSCell to the target MN. FFS the details. 
On NW Aspects
Proposal 8: Source MN initiates the preparation procedure of CHO including target MCG and candidate SCGs towards the candidate PCell.
Proposal 9: Source MN recommends candidate PCells, and the candidate MN can decide whether to accept the recommended PCells.
Proposal 10: Candidate MN recommends the associated candidate PSCells.
Proposal 11: Source MN decides the execution condition for the candidate PCells.
Proposal 12: Candidate MN decides the execution condition of the associated candidate PSCells.
Proposal 13: Candidate MN generates the RRCReconfiguration message (i.e. the message in the container of condRRCReconfig) including the configuration of its candidate PCell and the configuration of the associated candidate PSCells.
Proposal 14: Discuss whether to support that one RRCReconfiguration message (i.e. the message in the container of condRRCReconfig) for one candidate MN can include RRCReconfiguration message for multiple candidate SNs.
Proposal 15: Source MN generates the final configurations for CHO including target MCG and candidate SCGs, and provides it via the RRCReconfiguration message to UE.  
Baseline procedure
Proposal 16: Take procedure in Figure 3 as baseline procedure for CHO including target MCG and candidate SCGs.
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