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[bookmark: _Ref488331639]Introduction 
In RAN#94e, a new work item on further NR mobility enhancements was approved [1]. In order to mitigate throughput impacts for NR-DC mobility, one of the objectives is to study CHO including target MCG and candidate SCGs for CPC/CPA. 
	1. To specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC [RAN3, RAN2]
· CHO including target MCG and target SCG is used as the baseline


In this paper, we would like to provide our considerations on supporting CHO with candidates SCGs for CPA/CPC.
[bookmark: _Ref178064866]Discussion
In Rel-17 TEI, CHO including target SCG was supported. It means SCG can be added or changed as part of the CHO execution. While the radio link quality of the preconfigured target SCG may not be good enough for access due to which the UE throughput would be impacted. For optimization, CHO including MCG and candidate SCGs for CPA/CPC is to be studied in R18 mobility. 
Configuration
In order to establish dual connectivity in fast way and reduce the delay of PSCell access, simultaneous evaluation of CHO and CPA/CPC is supported as the agreements made in last RAN2#121 meeting：
	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



Regarding how to configure CHO with candidate SCGs, the following options can be taken for further discussions.
· Option1: CHO candidates and CPA/CPC candidates are configured separately with explicit linking.
· Option2: Each CHO candidate includes one MCG configuration and one SCG configuration.
· Option3: Each CHO candidate includes one MCG configuration and candidate SCGs for CPA/CPC.
For Option1, the signalling overhead over air interface can be reduced for case that a candidate SCG can be common for multiple CHO candidates. For instance, a list of SCG configuration for CPA/CPC can be provided to UE and CHO candidate includes the index of the associated CPA/CPC candidates with necessary delta information in its configuration. But complexity and signalling overhead between network nodes will be increased for the preparation of CPA/CPC candidates, e.g., additional co-ordinations are needed to identify which CPA/CPC candidates can be common and unify the use of candidate index.
For Option2, the same signalling as CHO with target SCG can be simply reused. But if one CHO candidate can be associated with multiple SCGs, this option will lead to inefficient signalling since the most contents in MCG configuration have to be repeated for each PCell and PSCell combination. 
For Option3, each CHO candidate configuration is extended to include conditionalReconfiguration for CPA/CPC (i.e., a list of RRCReconfiguration message) other than MCG configuration. Each RRCRconfiguration message contains the SCG configuration and possibly an MCG configuration. With Option3, existing signalling structure to configure CPA/CPC can be nearly reused (except for the configuration of CPA/CPC execution conditions which will be discussed in the following paragraph). Furthermore, the shortcoming of Option2 can be also addressed by Option3. Therefore, Option3 seems more efficient for the configuration of CHO with candidate SCGs for CPA/CPC. The signaling structure of Option3 is illustrated in Figure1.
[image: ]
Figure 1 Signalling structure of CHO with CPA/CPC configuration
[bookmark: _Toc134559053][bookmark: _Toc134643875][bookmark: _Toc134644677][bookmark: _Toc134689086][bookmark: _Toc131605405][bookmark: _Toc131605712][bookmark: _Toc131605843][bookmark: _Toc131779279][bookmark: _Toc131605406][bookmark: _Toc131605713][bookmark: _Toc131605844][bookmark: _Toc131779280][bookmark: _Toc134802069]To support CHO with CPA/CPC, each CHO candidate is configured to include MCG configuration and candidate SCGs configurations for CPA/CPC.
For the configuration of execution conditions, it was agreed that UE does not need to unpack any of the nested conditionalconfiguration containers to perform concurrent evaluation. The straightest way is to configure CPA/CPC execution conditions in parallel to CHO execution conditions, i.e., for each CHO candidate, the execution conditions is extended to support the evaluations of PCell and its associated PSCells.
[bookmark: _Toc134802070]For CPA/CPC associated with each CHO candidate, the execution conditions are configured in parallel to CHO execution conditions, i.e., condExecutionCond for each CHO candidate is extended to include execution conditions for both PCell and its associated PSCells.
Another issue regards to the measurement configuration that the execution conditions shall refer to. In legacy conditional configurations such like CHO, CPA and CPC, the execution conditions always refer to the measConfig provided by the node initiating the procedure. 
For CHO with CPA/CPC, it should be the source MN to trigger CHO preparation and generates execution conditions for each candidate PCell by referring to measConfig of source MN. For CPA/CPC, it should be the candidate MN to initiate the preparation since it knows better on the nodes to establish DC relationship. Generally, candidate MN is also supposed to generate the execution conditions for each candidate PSCell and provide corresponding measConfig. But UE cannot apply measConfig of candidate MN nested in RRCReconfiguration before it is selected as target. Therefore, in order to realize simultaneous evaluation without unpacking conditionalconfiguration in container, it can up to source MN to update the measConfig to cover the execution conditions of candidate PCell and its associated PSCells.
[bookmark: _Toc130823371][bookmark: _Toc134802071]The execution conditions of PCell and its associated PSCells refer to the measConfig provided by source MN.
Evaluation and Execution
Upon reception of CHO with CPA/CPC, UE starts concurrent evaluation on PCell and PSCell. As agreed in last RAN2 meeting, UE performs simultaneous access to PCell and PSCell when both CHO and CPC conditions are met.
	For the CHO+CPC case:
When both CHO and CPC conditions are met, both CHO and CPC cell change is executed.
Baseline: The UE waits until both CHO and CPC conditions are met (always). (furthermore, it is assumed that if needed the network can provide a complementary CHO-only configuration, to avoid failures in deployments where failure would otherwise be likely to happen).  
Alternative: FFS if When CHO condition is met, but CPC condition is not met, CHO execution is triggered (and somehow source SCG can be released). IF allowed in the new conf6iguration the UE may continue evaluation of CPC/CPA conditions.



The execution condition of a candidate is considered as met when the corresponding trigger events are fulfilled during TTT. For CHO with CPA/CPC, it may not be a usual case that the TTTs of CHO and its associated CPA/CPC end at the same time. If the execution conditions of CHO and CPA/CPC are met at different time, further study is needed on whether the selected PCell/PSCell is still valid during the condition evaluation period of its associated PSCell/PCell. 
The issue is similar to the case that a candidate is configured with 2 triggering events as supported in current specification. If one triggering event is fulfilled while the other one is still under evaluation, the fulfilled one is valid after TTT as long as the leaving condition is not met. The same principle can be reused for CHO with CPA/CPC, i.e., for a CHO/CPC/CPA candidate of which the execution conditions have ever been met, the evaluation is considered as available provided the leaving condition for the trigger event is not satisfied.
[bookmark: _Toc134802072]For a CHO/CPC/CPA candidate of which the execution conditions have ever been met, the evaluation is considered as available if the leaving condition for the trigger event is not satisfied.
As what has been agreed as baseline, UE always need to waits until both CHO and CPC conditions are met. To avoid potential failure such as RLF detected for the source MCG, CHO-only configuration can be provided for complementary. It means that UE is allowed to access target PCell without target PSCell if CHO condition is met but CPC is not. Since UE may prioritize the opportunity for simultaneous access, further discussion is required on the timing/conditions to apply CHO-only configuration for fall back. To address the issue, the following options can be taken into account.
· Option1: Upon RLF is detected for source MCG, UE performs CHO-only instead of triggering RRC re-establishment procedure.
· Option2: UE starts a timer when the execution conditions of CHO are met. If the execution conditions of its associated CPC can not be met before the timer expires, UE performs CHO-only. 
· Option3: When the radio link quality of source PCell is worse than a threshold, UE performs CHO-only.

[bookmark: _Toc131779285][bookmark: _Toc131779287][bookmark: _Toc131779288][bookmark: _Toc131779289][bookmark: _Toc134372079]For Option1, it is going against the goal to avoid failure and the user experience is impacted due to the RLF of source MCG. For Option2, the longest duration for waiting can be restricted by a timer to reduce the probability of failure. But it requires NW to provide a proper configuration for the timer length, otherwise, there is still a risk that RLF occurs during the running of the timer. For Option3, the failure can be prevented by setting an RSRP threshold based on which the communication with source PCell can be guaranteed. UE is able to perform CHO instantly when the radio link quality of source PCell gets worse. 
[bookmark: _Toc134802073]UE performs CHO-only to avoid failures in case the following conditions are met: 
a. [bookmark: _Toc134802074]UE starts a timer when the execution conditions of CHO are met. If the execution conditions of its associated CPC cannot be met before the timer expires, UE performs CHO-only. Or,
b. [bookmark: _Toc134802075]When the radio link quality of source PCell is worse than a threshold, UE performs CHO-only.
If CHO-only configuration is applied, the connection with source SCG needs be released since SCG configuration would be invalid due to the change of MCG, e.g., security information. Without an updated SCG configuration, the connection with source SCG can not be maintained.
[bookmark: _Toc134802076]During CHO-only execution, UE releases the connection with source SCG.
If the execution conditions of CPA/CPC refer to the measConfig provided by source MN as in our proposal3, the measConfig will be modified/replaced by target PCell configuration due to the execution of CHO, which will make the execution conditions of CPA/CPC invalid. If the evaluation on CPA/CPC is expected to be continued, the execution conditions of the associated CPA/CPC shall also be included in target PCell configuration. 
[bookmark: _Toc134802077]UE continues the evaluation on the associated CPA/CPC upon CHO-only execution if the execution conditions are valid, i.e. target MCG may provide the execution condition for the associated CPA/CPC candidate.
For legacy CPC, the candidate cell can be configured as delta configuration on top of source SCG configuration. If the same way for configuration is reused, the CPC candidate configurations will become invalid due to the release of source SCG upon the execution of CHO-only. Therefore, if the evaluation on CPC is continued after CHO execution, further study is needed on how to guarantee the validity of CPC configuration if it is expected to be provided as delta configuration, e.g., whether a reference configuration is needed. 
[bookmark: _Toc134802078]RAN2 further study whether a reference configuration is introduced for CPC to support delta configuration in case the source SCG is released due to the execution of CHO-only. 
Conclusion
Based on the discussion above, we have the following proposals:
Proposal 1	To support CHO with CPA/CPC, each CHO candidate is configured to include MCG configuration and candidate SCGs configurations for CPA/CPC.
Proposal 2	For CPA/CPC associated with each CHO candidate, the execution conditions are configured in parallel to CHO execution conditions, i.e., condExecutionCond for each CHO candidate is extended to include execution conditions for both PCell and its associated PSCells.
Proposal 3	The execution conditions of PCell and its associated PSCells refer to the measConfig provided by source MN.
Proposal 4	For a CHO/CPC/CPA candidate of which the execution conditions have ever been met, the evaluation is considered as available if the leaving condition for the trigger event is not satisfied.
Proposal 5	UE performs CHO-only to avoid failures in case the following conditions are met:
a.	UE starts a timer when the execution conditions of CHO are met. If the execution conditions of its associated CPC cannot be met before the timer expires, UE performs CHO-only. Or,
b.	When the radio link quality of source PCell is worse than a threshold, UE performs CHO-only.
Proposal 6	During CHO-only execution, UE releases the connection with source SCG.
Proposal 7	UE continues the evaluation on the associated CPA/CPC upon CHO-only execution if the execution conditions are valid, i.e. target MCG may provide the execution condition for the associated CPA/CPC candidate.
Proposal 8	RAN2 further study whether a reference configuration is introduced for CPC to support delta configuration in case the source SCG is released due to the execution of CHO-only.
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