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Introduction
4. 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 the RAN2#120 meeting, for CHO including target MCG and candidate SCGs for CPA/CPC in NR-DC, with respect to the execution order, it is agreed that the UE does not execute CPA/CPC unless CHO condition is fulfilled. Whether the UE evaluates the execution condition of CHO and the execution condition of CPA/CPC in parallel or sequentially is still FFS. In this contribution, we discuss the evaluation order of CHO and CPA/CPC. Moreover, based on the evaluation order, we discuss the suitable initiating node and related configurations when performing CHO including target MCG and candidate SCGs for CPA/CPC in NR-DC.
Discussion
Evaluation/Execution order
It can be observed that, in the previous meetings, there are two main options on the evaluation order for CHO including target MCG and candidate SCGs for CPA/CPC:
· Option 1: The UE starts to evaluate the execution condition of CHO and the execution condition of CPA/CPC simultaneously, when receiving the configuration of CHO including target MCG and candidate SCGs for CPA/CPC;
· Option 2: The UE starts to evaluate the execution condition of CHO when receiving the configuration of CHO including target MCG and candidate SCGs for CPA/CPC. When the execution condition of one CHO candidate cell is fulfilled, the CHO is executed and when the CHO is complete, the UE starts to evaluate the execution condition of the CPA/CPC candidate cells associated with the CHO candidate cell. This option means that the execution conditions for CHO and CPA/CPC are evaluated subsequently.
In our understanding, the objective in the WID [1] is to support performing the CHO execution and the CPA/CPC execution simultaneously. This means that when the UE switches to a target PCell via CHO procedure, the UE can also access a PSCell that is good enough, ensuring the throughput would be suffer significant degradation after the execution of CHO. The key motivation of this objective is to define “conditional” target SCG configuration, on top of the legacy CHO with “unconditional” target SCG configuration. Therefore, the option 1 should be considered as the baseline.
Observation 1: For the 4th objective of CHO including CPA/CPC, the key motivation is to define the “conditional” target SCG configuration, on top of the legacy CHO simultaneously with “unconditional” target SCG configuration, i.e. the baseline is to perform CHO and CPAC simultaneously rather than subsequently.
In option 2, the UE executes CHO as long as the execution condition of a CHO candidate cell is satisfied. So it is risky that the UE can never find a suitable PSCell associated with the selected PCell after the CHO execution to the PCell, which is not consistent with the motivation of the enhancement. If the UE evaluates the execution conditions of candidate PSCells as well as the execution conditions of candidate PCells, the UE can ensure the mobility ending up with both PCell and PSCell having good quality.
In the following example, at T1, UE finds that the PCell-1 meets the CHO condition and switches to PCell-1 as option 2. But, after a while, it may not find a suitable PSCell associated with PCell-1 (e.g. PSCell-3 is a little far). That’s the consequence of option2, i.e. it is only suboptimal. 
However, if UE uses option 1 to evaluate both PCell and PSCell simultaneously, UE will continue evaluating after T1. Then, at T2, UE finds a perfect combination (PCell-2 plus PSCell-4) which meets both the CHO and CPAC conditions. At T2, with option 2, UE can perform optimal mobility by switching PCell and PSCell together.
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Figure 1. Example of observation 2
Observation 2: For CHO with candidate SCGs for CPA/CPC, it is beneficial to evaluate CHO and CPAC simultaneously, to prevent the UE from selecting/executing CHO to a PCell ending up with the conditional event(s) of its associated target PSCell(s) never met.
With option 2, if the UE can find a PSCell that satisfies the CPAC execution condition after CHO execution, the UE first applies the CHO configuration (i.e. RRCReconfiguration) of the selected PCell and only after that, when the execution condition of one candidate PSCell of this PCell is satisfied, the UE applies the PSCell configuration (i.e. another RRCReconfiguration) of the PSCell. So the UE has to apply RRCReconfiguration twice before completing the intended mobility procedure to have both good PCell and good PSCell, which introduces more mobility delay.
Also with option 2, after CHO execution, the UE needs to start measuring candidate PSCells for CPA and CPC based on the new measurement configuration, i.e. the UE does not have any measurement result yet and it takes time to filter the new measurements. If the network would only configure CHO and, after execution, configure CPA or CPC, the delay for CPA or CPC execution would be almost the same. The only benefit is that CHO and CPA/CPC are configured in a single step, i.e. one RRC message is saved, but the RRC message used will be larger. Compared with the Rel-17 CHO including target MCG and target SCG, the only benefit of the option 2 is saving one RRCReconfiguration message to configure the CPC after the execution of CHO procedure, which is quite marginal.
Observation 3: If CHO and CPAC are evaluated/executed subsequently, the only benefit is to send a larger RRC message with CHO and CPA/CPC, instead of one message for CHO and then another one for CPA/CPC, but the execution of CPA/CPC is not any faster.
Based on the above observations and similar discussion in [2], we have the following proposal:
Proposal 1a: For CHO with candidate SCGs for CPA/CPC, the execution conditions for CHO and CPA/CPC are evaluated simultaneously rather than subsequently (i.e. UE starts evaluating the execution conditions for CPA/CPC before the CHO execution condition is met). 
For the option 1, the UE starts to evaluate the execution condition of CHO and the execution condition of CPA/CPC simultaneously. If at least one CHO candidate cell satisfies the corresponding CHO execution condition and the execution condition of one associated candidate PSCell for CPA/CPC is satisfied, the UE should execute the CHO and the CPAC simultaneously. 
Proposal 1b: The UE executes the mobility of PCell and PSCell simultaneously if both the execution conditions for candidate PCell and the associated candidate PSCell are met.
To support the above option 1, the UE need to obtain the execution conditions of CHO and CPA/CPC when receiving the configuration of CHO including target MCG and candidate SCGs for CPA/CPC. And when one pair of execution conditions for CHO and CPA/CPC are satisfied, the UE need to apply the MCG configuration of the selected CHO candidate cell and the SCG configuration of the selected CPA/CPC candidate cell.
Therefore, for ASN.1 design, it is better to explicitly associate the execution conditions for a pair of candidate PCell of CHO and candidate PSCell of CPA/CPC with one pair of one MCG configuration and one SCG configuration. The pair of MCG configuration and SCG configuration can be included in one RRCReconfiguration message, 
Proposal 2a: As to the ASN.1 structure of CHO with candidate SCGs for CPA/CPC, one RRCReconfiguration message includes both MCG and SCG reconfiguration, which is associated with the execution conditions for a pair {candidate PCell, candidate PSCell}.
Proposal 2b: For multiple candidate SCGs associated with the same candidate MCG, an RRCReconfiguration message (including one MCG and one SCG configuration) is provided per candidate SCG configuration.
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Figure 2. The ASN.1 structure of CHO with candidate SCGs for CPA/CPC
Initiating node
When the source MN receives the L3 measurement reports from the UE, the source MN could decide to perform CHO including target MCG and candidate SCGs for CPA/CPC. The source MN can decide the CHO candidate cells and the corresponding execution conditions based on the received L3 measurement results, i.e. the step 1 in the Figure 2. After that, the source MN requests CHO configuration of one or more CHO candidate cells to one or more candidate MNs via HANDOVER REQUEST messages, like the legacy CHO procedure (i.e. step 2).  
Observation 4: The node, who decides whether/when to initiate potential PCell change, decides whether to use the new R18 feature "CHO with candidate SCG" procedure or not, by considering the measurement result of PSCell. 
Proposal 3a: The source MN initiates the preparation of R18 procedure for CHO with candidate SCGs for CPA/CPC.
Since the candidate MN is the node that knows the connection situation between the candidate MN and candidate SNs so it can initiate the preparation of CPA/CPC and provide the list of recommended PSCell(s) to candidate SN(s), via the SN Addition Request message (step 4). To help the candidate MN/SN make the decision to accept or reject candidate PSCell(s), the source MN includes the measurement result reported from the UE in the HANDOVER REQUEST messages. If a candidate SN accepts one or more candidate PSCell, the candidate SN provides the associated configurations to the candidate MNs via SN Addition Request Acknowledge message (step 5), which would be forwarded to the source MN via HANDOVER REQUEST ACKNOWLEDGE message.
Observation 5: Only the candidate MN (rather than the source MN/SN) knows the Xn connection availability with candidate SNs.
Proposal 3b: For the preparation of candidate PSCell(s) in “CHO with candidate SCGs for CPA/CPC”, the source MN provides the measurement results to each candidate MN, and each candidate MN provides the list of recommended PSCell(s) to candidate SN(s) among the cells with measurement results provided by the source MN.
 [image: ]
Figure 3. The procedure of CHO including target MCG and candidate SCGs for CPA/CPC
Execution condition and MeasConfig
In this clause, we focus on execution condition of CPA/CPC. As we mentioned above, the main motivation of CHO including target MCG and candidate SCGs is to support PCell change together with a suitable PSCell. Therefore, when the execution condition of one CHO candidate cell is satisfied, the associated candidate PSCell only needs to be better that a certain threshold (e.g. trigger event A4), regardless of the quality of the source PSCell (if configured). This is because, if UE switches to the target PCell, whether it is suitable to also add a target PSCell has nothing to do with source PSCell anymore. For NW perspective, it is a CPA procedure for candidate MN. That means the execution conditions of CPA/CPC should not consider the source PSCell at all.
Observation 6: In the simultaneous CHO+CPC execution procedure at UE side, the conditional PSCell mobility is a CPA for candidate MN from NW perspective (i.e. the condition to additionally add a PSCell for a target PCell has no relationship with the source PScell).
Proposal 4a: For CHO with candidate SCG for CPA/CPC, the execution condition of PSCell uses CondEvent A4 as trigger event.
When performing the evaluation of the candidate PSCells for CHO with candidate SCG for CPA/CPC, the UE uses the measurement configuration of the MCG which is generated by the source MN so the source MN should provide the execution conditions for all the possible candidate target PSCells.
Proposal 4b: For CHO with candidate SCGs for CPA/CPC, it is the source MN who provides the execution condition(s) of candidate PSCell(s) and generates the corresponding MCG MeasConfig.
With respect to how to choose the execution conditions, we see the following options:
· Option A: The execution condition(s) of CPA/CPC are determined by the source MN without the involvement of candidate MN.. After receiving the candidate cells from candidate MNs, the source MN can decide the execution condition(s) for CPA/CPC (e.g. the threshold offsets if the trigger events) and generate the corresponding measConfig.
· Option B: The execution condition(s) of CPA/CPC are configured by the source MN using parameters (e.g. the threshold offsets if the trigger events) provided by the candidate MN. For Rel-17 CPA, it is the MN that configures the execution conditions for candidate PSCells, including the thresholds for event A4, possibly according to local network conditions. Considering that it is the candidate MN that triggers the CPA/CPC preparation and determines the candidate PSCells, the candidate MN could determine suitable thresholds for the associated execution conditions, like it would do if configuring A4 events for Rel-17 CPA.
Proposal 4c: For CHO with candidate SCGs for CPA/CPC, RAN2 to discuss following options:
· Option A: The source MN decides the execution condition(s) of candidate PSCell without the involvement of candidate MN. 
· Option B: The candidate MN decides the threshold offset parameter in the trigger event of the execution condition(s) of candidate PSCell, and asks the source MN to provide the execution condition and to generate the MCG MeasConfig by considering the received execution condition(s) parameters.
Conclusion
Observation 1: For the 4th objective of CHO including CPA/CPC, the key motivation is to define the “conditional” target SCG configuration, on top of the legacy CHO simultaneously with “unconditional” target SCG configuration, i.e. the baseline is to perform CHO and CPAC simultaneously rather than subsequently.
Observation 2: For CHO with candidate SCGs for CPA/CPC, it is beneficial to evaluate CHO and CPAC simultaneously, to prevent the UE from selecting/executing CHO to a PCell ending up with the conditional event(s) of its associated target PSCell(s) never met.
Observation 3: If CHO and CPAC are evaluated/executed subsequently, the only benefit is to send a larger RRC message with CHO and CPA/CPC, instead of one message for CHO and then another one for CPA/CPC, but the execution of CPA/CPC is not any faster.
Observation 4: The node, who decides whether/when to initiate potential PCell change, decides whether to use the new R18 feature "CHO with candidate SCG" procedure or not, by considering the measurement result of PSCell. 
Observation 5: Only the candidate MN (rather than the source MN/SN) knows the Xn connection availability with candidate SNs.
Observation 6: In the simultaneous CHO+CPC execution procedure at UE side, the conditional PSCell mobility is a CPA for candidate MN from NW perspective (i.e. the condition to additionally add a PSCell for a target PCell has no relationship with the source PScell).
Evaluation/Execution order
Proposal 1a: For CHO with candidate SCGs for CPA/CPC, the execution conditions for CHO and CPA/CPC are evaluated simultaneously rather than subsequently (i.e. UE starts evaluating the execution conditions for CPA/CPC before the CHO execution condition is met). 
Proposal 1b: The UE executes the mobility of PCell and PSCell simultaneously if both the execution conditions for candidate PCell and the associated candidate PSCell are met.
Proposal 2a: As to the ASN.1 structure of CHO with candidate SCGs for CPA/CPC, one RRCReconfiguration message includes both MCG and SCG reconfiguration, which is associated with the execution conditions for a pair {candidate PCell, candidate PSCell}.
Proposal 2b: For multiple candidate SCGs associated with the same candidate MCG, an RRCReconfiguration message (including one MCG and one SCG configuration) is provided per candidate SCG configuration.
Initiating node
Proposal 3a: The source MN initiates the preparation of R18 procedure for CHO with candidate SCGs for CPA/CPC.
Proposal 3b: For the preparation of candidate PSCell(s) in “CHO with candidate SCGs for CPA/CPC”, the source MN provides the measurement results to each candidate MN, and each candidate MN provides the list of recommended PSCell(s) to candidate SN(s) among the cells with measurement results provided by the source MN.
Execution condition and MeasConfig
Proposal 4a: For CHO with candidate SCG for CPA/CPC, the execution condition of PSCell uses CondEvent A4 as trigger event.
Proposal 4b: For CHO with candidate SCGs for CPA/CPC, it is the source MN who provides the execution condition(s) of candidate PSCell(s) and generates the corresponding MCG MeasConfig.
Proposal 4c: For CHO with candidate SCGs for CPA/CPC, RAN2 to discuss following options:
· Option A: The source MN decides the execution condition(s) of candidate PSCell without the involvement of candidate MN. 
· Option B: The candidate MN decides the threshold offset parameter in the trigger event of the execution condition(s) of candidate PSCell, and asks the source MN to provide the execution condition and to generate the MCG MeasConfig by considering the received execution condition(s) parameters.
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