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1	Introduction
In RAN2#121 meeting (February 2023) the following agreements were made [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 paper, we first introduce a list of issues that need to be solved and suggest possible solutions to enable a functioning feature.
2	Discussion
2.1	Issues to resolve
The simultaneous evaluation is enabled by providing a PSCell access condition that needs to be evaluated as part of the process where UE verifies if CHO shall be triggered. This means that the execution condition and the associated measurement configurations for CHO need to be enhanced to incorporate the PSCell access condition. 
Observation 1: The current measurement configuration does not allow UE to consider PSCell access condition as part of CHO execution condition. 
A simple way forward would be to add the PSCell access condition into the CHO execution condition. However, the details of how tightly depends on the way preparation approach for the CHO with multiple SCGs or CPCs is decided.
Observation 2: Conditional configuration enhancement through adding the PSCell access condition is straight-forward to agree but the details of how to pursue such change depend on the preparation approach of the CHO with multiple SCGs. 
UE behaviour should be defined with respect to PSCell access condition being met before the PCell access condition is fulfilled or vice-versa. 
For PSCell access condition holding before the PCell access condition we have the following agreement [2]:
Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation)

However, there is still an open question how the UE considers the PSCell access condition after the PCell access condition is met. 
Observation 3: The way UE treats the PSCell access condition after the PCell condition holds should be discussed, i.e., CHO execution triggering and evaluating PSCell access condition again once the PCell access condition holds. 
Another issue is related to PCell access condition met without PSCell access condition meeting. The MCG link has higher priority, so the access to a new PCell should have high priority irrespectively. 
Observation 4: The PCell access should be prioritized irrespectively of the status of the target PSCell access condition, i.e., PSCell execution condition is not met. 
Observation 5: The list of high priority issues to be resolved in this meeting are the following: 
1) Enhancements to CHO evaluation to enable simultaneous evaluation that doesn’t require decoding of the entire target configuration.
2) The preperation approaches on how multiple SCGs or CPACs is indicated as part of CHO configuration. [ Whether target MN prepares separated DC configuration for every SCG or single CHO configuration containing the multiple SCG configurations as CPAC configuration]
3) CHO execution triggering, if PCell access condition holds and PSCell condition has been met earlier.
4) CHO execution triggering, if PCell access condition holds and PSCell access condition does not hold.
2.2	CHO execution triggering (Issue 3 and 4)
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Figure 1: Decision tree for the target PCell access condition and target PSCell access condition
Figure 1 illustrates all possible PCell and PSCell access scenarios with respect to target PCell access condition and target PSCell access condition. 
The previous agreement [2]:
Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation)

Captures the fact that UE never executes CHO or CPC unless CHO condition is fulfilled. However, how UE behaves in case the target PCell access condition holds (CHO execution condition holds) is not clarified. This section aims to clarify that with proposal 1 and proposal 2.
Issue 3 and issue 4 are focused on CHO execution triggering. Mainly the CHO execution triggering with respect to PSCell access condition. Below we indicate the general procedure for both issues. 
For the case where PSCell access condition holds before PCell access condition holds (Issue 3), the UE should control the radio status of PSCell access condition before determining to access the target PSCell along the target PCell as the target PSCell radio status may change until the PSCell access condition holds.
Proposal 1: If the target PSCell access “entering condition” has been met and the target PCell access condition is not met, UE waits and keeps measuring the target PSCell. When the target PCell access condition is met and target PSCell access “leaving condition” is not met, then UE accesses the target PSCell and target PCell.
One way to evaluate the PSCell radio status can be the following. Once the PCell access condition holds, the UE should check the target PSCell access leaving condition. If the leaving condition is met UE does not access the target PSCell. If the leaving condition is not met, UE access the target PSCell along the target PCell.  If more than one target PSCell access condition holds and the leaving condition for neither is met, it is left to UE implementation to determine which target PSCell to access. 
For the case where target PSCell access condition does not hold at the time of target PCell access condition holding (Issue 4), the UE should access target PCell, irrespectively.
Proposal 2: If the target PSCell access condition is not met at the time of target PCell access condition being met, UE accesses the target PCell, irrespectively. 
There might be different interpretations of Proposal 2. But all of them would work on to prioritize PCell access. Ideally, as no PSCell condition is met, UE can complete the handover to achieve single connectivity at the target side. UE can start reporting PSCell’s measurements as soon as the connection with target PCell is established and the PCell can configure the UE with conditional or legacy PSCell addition to bring back the dual connectivity as soon as radio conditions enable this.
In one of our previous contributions (R2-2212265) we have shared simulation results about the impact of number of prepared PSCells on the percentage of UE measures another PSCell stronger than the prepared PSCells. Clearly, the simulation depends on the deployment assumptions. The percentage of cases where target PSCell access condition does not hold when CHO execution condition holds can be minimized via preparing more candidate PSCells. Thus, the cases where the target PSCell access should be executed after CHO execution can be limited. 


Figure 2: Percentage of wrong PSCell preparation when CHO is executed as a function of the maximum number X of candidate PSCells that can be prepared by target MN.
Observation 6: Increasing the number of prepared PSCells can maximize the cases where the UE resume dual connectivity without any issue. For the case where UE can access only target PCell, the dual connectivity can be setup a by the network via configuring CPA or legacy PSCell addition.
2.3	Preparation approach (Issue 2)
The WID [3] captures the following objective:
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 

As highlighted with the above text we think re-using the Rel. 17 CHO of target MCG and target SCG is the simplest way forward. Some companies indicate that the use of the term CPC/CPA in the first bullet indicates that a nested configuration should be used. To our understanding the term CPC/CPA highlights the fact that the PSCell access is done conditionally. In our previous paper [4], our discussion was based on the following three scenarios:
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Figure 3: Illustration of UE mobility between PCells depicting three distinct scenarios with respect to PSCell handling.
In all scenarios UE is moving from the coverage of PCell 0 to the coverage of PCell 1. The differentiating part is while moving under the coverage of PCell 1 it has coverage for different PSCells or no PSCells at all. 
· In scenario 1, UE is moving under the coverage of PSCell 1
· In scenario 2, UE is moving under the coverage of PSCell 2
· In scenario 3, UE is not moving under the coverage of any PSCell.
For this reason, we suggest that for each candidate SCG a separate CHO configuration for the same target PCell should be provided. For instance, if the target MN prepares PSCell 1 and PSCell 2 as two candidate PSCells. The following configuration should be provided to the UE,
· CHO 1: Target MCG (PCell 1) and target SCG (PSCell 1)  -> Scenario 1
· CHO 2: Target MCG (PCell 1) and target SCG (PSCell 2)  -> Scenario 2
· CHO 3: Target MCG (PCell 1) 								  -> Scenario 3
Proposal 3: For Rel. 18 procedure of CHO with candidate SCGs, the Rel. 17 procedure of CHO with target SCG is enhanced such that multiple Rel. 17 CHO configurations are prepared for the same target PCell for each target PSCell. 
It might be redundant to provide the same target MCG configuration multiple times to the UE as they are almost the same except possibly, DRB configurations and measurement configurations. Providing the target MCG configuration as a delta on top of source MCG configuration can be a solution to overcome this redundancy.
Observation 7: The target MCG can be provided as a delta over the source MCG configuration and this minimizes the radio signaling and storage overhead issue. 
2.3.1	Configuration selection if none of the target PSCell access condition does not hold at the time of CHO execution
Proposal 2 captures that UE has to execute CHO and access target PCell in case CHO execution condition holds irrespective of the target PSCell access condition. This is important to guarantee MCG link robustness. The question this subsection investigates is which CHO configuration is executed out of many CHO configurations.
We foresee that the enhanced Rel. 18 CHO configuration would enable UE to have single connectivity and dual connectivity configuration at the UE side (at least to cover Scenario 3.). Similarly, the UE should execute only single connectivity configuration if UE is configured with it. 
Observation 8: In case UE is configured with single connectivity CHO configuration, the UE should execute that configuration if none of the target PSCell access condition does not hold at the time of CHO execution.
The network might not prefer to configure the UE with single connectivity configuration if it foresees that the cell border should have PSCell coverage as well. In case none of the target PSCell access condition holds in this scenario, it is up to UE to select one of the CHO configurations with target PSCell, possibility the PSCell with the highest received signal power, without executing random access to target PSCell. 
Observation 9: In case UE is configured only with dual connectivity CHO configurations, the UE should execute one of the DC-CHO configurations, while the selection can be up to UE implementation.
2.4	Execution condition and measurement configuration (Issue 1)
In the last RAN2 meeting the following agreement was made [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

This agreement requires that UE has the PSCell access condition in source configuration and does not need to decode the nested conditional configuration in order to measure for PSCell access.
A minimum step forward to enable simultaneous evaluation is to agree the following proposal:
Proposal 4: For Rel. 18 conditional configuration that contains MCG and SCG configurations, two execution conditions are configured in the serving MCG configuration. First execution condition is evaluated for PCell of the configuration, and second execution condition is evaluated for PSCell of the configuration.
The execution condition for PSCell should imply a new UE behaviour. The new UE behaviour should be aligned with the following agreement, 
Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation)

This means that after the PSCell execution condition is fulfilled, UE should follow a new “postponed execution ” behaviour. This behaviour means that once this condition is fulfilled UE waits for the PCell access condition. Aligned to the behaviour discussed in Proposal 3, UE evaluates the leaving condition for the PSCell execution condition. If it is not met, UE goes ahead with accessing the target PSCell. Until the PCell access condition is met the UE does not access target PSCell.
Proposal 5: The PSCell execution condition for candidate SCG in CHO is configured that indicates the “postponed execution” behaviour to the UE. 
2.5	Stage 2 details for Rel. 18 CHO with candidates SCGs
Figure 10.19.2-1 shows an example signaling flow for Conditional Handover with Secondary Node.
1.	The source MN starts the conditional handover procedure by initiating the Xn Handover Preparation procedure including MCG configuration and, if the UE is configured with an SCG, SCG configuration. The source MN includes the (source) SN UE XnAP ID, SN ID, the UE context in the (source) SN and the Conditional Handover Information Request IE in the Handover Request message. The handover request message can indicate the procedure to request multiple candidate SCGs.
2.	If the candidate MN decides to keep the UE context in the SN, the candidate MN sends the SN Addition Request message to the SN including the SN UE XnAP ID as a reference to the UE context in the SN that was established by the source MN. If the candidate MN decides to change the SN allowing delta configuration, the candidate MN sends the SN Addition Request message to the candidate SNs including the UE context in the source SN that was established by the source MN. Otherwise, the candidate MN may send the SN Addition Request message to the candidate SNs including neither the SN UE XnAP ID nor the UE context in the source SN that was established by the source MN. Within the SN Addition Request message, the candidate MN also includes the CHO related information, i.e., the source MN ID and the MN UE XnAP ID in the source MN, in order to indicate that the SN Addition Preparation procedure is triggered in relation to a CHO and to enable the SNs to identify requests related to the same UE.
NOTE 3a:	The target MN and other potential target MNs may trigger the SN Addition Preparation procedure to the same (target) SNs.
NOTE 3b:	The source MN may initiate additional Xn Handover Preparation procedures towards the same or other target MNs. Based on each Xn Handover Preparation procedure, each target MN may decide to trigger SN Addition Preparation procedure.
3.	The (candidate) SNs replyies with the SN Addition Request Acknowledge message. The (candidate) SNs may include the indication of the full or delta RRC configuration.
NOTE 4:	In CHO with SCG configuration, it is up to the candidate MN implementation to make sure that the CG-Config provided from the (candidate) SN can be used in all CHO preparations.
3a.	For the SN terminated bearers using MCG resources, the candidate MN provides Xn-U DL TNL address information in the Xn-U Address Indication message.
4.	The candidate MN includes within the Handover Request Acknowledge message the MN RRC reconfiguration messages, to be sent to the UE in order to perform the conditional handover, and may also provide forwarding addresses to the source MN. If PDU session split is performed in the target side during handover procedure, more than one data forwarding addresses corresponding to each node are included in the Handover Request Acknowledge message. The candidate MN indicates to the source MN that the UE context in the SN is kept if the candidate MN and the SN decided to keep the UE context in the SN in step 2 and step 3.
	NOTE X: Multiple MN RRC Reconfiguration messages sent to the UE can involve one configuration without any SCG configuration and each candidate SCG configuration should be indicated in a separate MN RRC reconfiguration.

4a.	The source MN sends the Xn-U Address Indication message to the (source) SN. This Xn-U Address Indication message notifies conditional handover to the (source) SN, which may decide to perform, if applicable, early data forwarding for SN-terminated bearers, together with the sending of an Early Status Transfer message to the source MN.
NOTE 4a:	Separate Xn-U Address Indication procedures may be initiated to provide different forwarding addresses of the prepared conditional handovers. In this case, it is up to the source MN and SN implementations to make sure that the Early Status Transfer message(s) from the source SN, if any, is forwarded to the right target MN. The Xn-U Address Indication procedure may further be initiated to indicate to the (source) SN to stop already initiated early data forwarding for some SN-terminated bearers, if they are no longer subject to data forwarding due to the modification or cancellation of the prepared conditional handovers.
5.	The source MN sends an RRC reconfiguration message to the UE, including the CHO configurations, i.e. a list of RRC reconfiguration* messages and associated execution conditions and postponed execution conditions for each candidate SCG, in which each RRC reconfiguration* message contains an MCG configuration and possibly an SCG configuration in the RRC reconfiguration** message received from the candidate SN in step 3.
6.	The UE applies the RRC reconfiguration message received in step 5, stores the CHO configuration and replies to the MN with an RRC reconfiguration complete message.
· 7/8. The UE maintains connection with the source MN and, if the UE is configured with a PSCell, with the source PSCell, after receiving CHO configuration, and starts evaluating the CHO execution condition for the candidate cell(s) and postponed execution conditions for candidate SCGs.
· . If at least one CHO candidate cell satisfies the corresponding CHO execution condition and at least one candidate PSCell satisfies the “postponed execution condition”, the UE detaches from the source MN, applies the stored corresponding configuration for that selected candidate cell, synchronises to that candidate cell and completes the RRC handover procedure by sending RRC reconfiguration complete* message to the target MN, the UE includes an embedded SN RRCReconfiguration** message for the candidate PSCell.
· If at least one CHO candidate cell satisfies the corresponding CHO execution condition and no candidate PSCell satisfies the “postponed execution condition”, the UE detaches from the source MN, applies the stored corresponding configuration for that selected candidate cell, synchronises to that candidate cell and completes the RRC handover procedure by sending RRC reconfiguration complete* message to the target MN. The selection of the corresponding configuration if there are multiple configurations related to the same CHO candidate cell is left to UE implementation.
· If a candidate PSCell satisfies the “postponed execution” condition, the UE keeps evaluating the CHO execution condition and “postponed execution” condition.
· . If the stored configuration for the selected candidate cell includes an SCG configuration, the UE includes an embedded SN RRCReconfigurationComplete** message for the target SN. The UE releases stored CHO configurations after successful completion of RRC handover procedure.
NOTE X: The UE can select a single connectivity configuration for the corresponding configuration if there are multiple configurations for the same CHO candidate cell.
NOTE 5:	In case the target SN includes the indication of the full RRC configuration, the MN performs release of the SN terminated radio bearer configuration and release and add of the NR SCG configuration part towards the UE.
9.	If configured with bearers requiring SCG radio resources, the UE synchronizes to the (target) SN.
NOTE 6:	The order the UE performs Random Access towards the MN (step 7) and performs the Random Access procedure towards the (target) SN (step 9) is not defined.
10.	If the RRC connection reconfiguration procedure was successful, the target MN informs the (target) SN via SN Reconfiguration Complete message.
11.	The target MN sends the Handover Success message to the source MN to inform that the UE has successfully accessed the target cell.
12a/b.	The source MN sends SN Release Request message to the (source) SN including a Cause indicating MCG mobility. The source MN indicates to the (source) SN that the UE context in SN is kept, if it receives the indication from the target MN. The (source) SN acknowledges the release request.
12c.	The source MN sends XN-U Address Indication message to the (source) SN to transfer data forwarding information. More than one data forwarding addresses may be provided if the PDU session is split in the target side.
12d. The source MN sends the Handover Cancel message toward the other signalling connections or other candidate MNs, if any, to cancel CHO for the UE.
12e/f. If the target MN is configured with other candidate PCell(s) associated with other candidate SN(s) than the target SN, the target MN sends the SN Release Request message(s) to the corresponding candidate SN(s). Other candidate MN(s) send(s) the SN Release Request message(s) to other candidate SN(s), if configured. The other candidate SN(s) acknowledges the release request.
13a. The (source) SN sends the Secondary RAT Data Usage Report message to the source MN and includes the data volumes delivered to and received from the UE over the NR/E-UTRA radio as described in clause 10.11.2.
NOTE 7:	The order the source SN sends the Secondary RAT Data Usage Report message and performs data forwarding with MN/target SN is not defined. The SN may send the report when the transmission of the related QoS is stopped.
13b. The source MN sends the Secondary RAT Data Usage Report message to AMF to provide information on the used NR/E-UTRA resource.
14.	For bearers using RLC AM, the source MN sends the SN Status Transfer message to the target MN, including, if needed, SN Status received from the source SN. The target MN forwards the SN Status to the target SN, if needed.
15.	If applicable, data forwarding takes place from the source side (i.e. source MN or source SN). If the SN is kept, data forwarding may be omitted for the SN terminated bearers or QoS flows kept in the SN.
16-19.	The target MN initiates the Path Switch procedure. If the target MN includes multiple DL TEIDs for one PDU session in the Path Switch Request message, multiple UL TEID of the UPF for the PDU session should be included in the Path Switch Ack message in case there is TEID update in UPF.
NOTE 8:	If new UL TEIDs of the UPF for SN are included, the target MN performs MN initiated SN Modification procedure to provide them to the SN.
20.	The target MN initiates the UE Context Release procedure towards the source MN.
21.	Upon reception of the UE Context Release message from source MN, the (source) SN releases C-plane related resources associated to the UE context towards the source MN. Any ongoing data forwarding may continue. The SN shall not release the UE context associated with the target MN if the UE contest kept indication was included in the SN Release Request message in step 12a.
3	Conclusion
This document has made the following observations and proposals:
Observation 1: The current measurement configuration does not allow UE to consider PSCell access condition as part of CHO execution condition. 
Observation 2: Conditional configuration enhancement through adding the PSCell access condition is straight-forward to agree but the details of how to pursue such change depend on the preparation approach of the CHO with multiple SCGs. 
Observation 3: The way UE treats the PSCell access condition after the PCell condition holds should be discussed, i.e., CHO execution triggering and evaluating PSCell access condition again once the PCell access condition holds. 
Observation 4: The PCell access should be prioritized irrespectively of the status of the target PSCell access condition, i.e., PSCell execution condition is not met. 
Observation 5: The list of high priority issues to be resolved in this meeting are the following: 
1) Enhancements to CHO evaluation to enable simultaneous evaluation that doesn’t require decoding of the entire target configuration.
2) The preperation approaches on how multiple SCGs or CPACs is indicated as part of CHO configuration. [ Whether target MN prepares separated DC configuration for every SCG or single CHO configuration containing the multiple SCG configurations as CPAC configuration]
3) CHO execution triggering, if PCell access condition holds and PSCell condition has been met earlier.
4) CHO execution triggering, if PCell access condition holds and PSCell access condition does not hold.
Observation 6: Increasing the number of prepared PSCells can maximize the cases where the UE resume dual connectivity without any issue. For the case where UE can access only target PCell, the dual connectivity can be setup a by the network via configuring CPA or legacy PSCell addition.
Observation 7: The target MCG can be provided as a delta over the source MCG configuration and this minimizes the radio signaling and storage overhead issue. 
Observation 8: In case UE is configured with single connectivity CHO configuration, the UE should execute that configuration if none of the target PSCell access condition does not hold at the time of CHO execution.
Observation 9: In case UE is configured only with dual connectivity CHO configurations, the UE should execute one of the DC-CHO configurations, while the selection can be up to UE implementation.
Proposal 1: If the target PSCell access “entering condition” has been met and the target PCell access condition is not met, UE waits and keeps measuring the target PSCell. When the target PCell access condition is met and target PSCell access “leaving condition” is not met, then UE accesses the target PSCell and target PCell.
Proposal 2: If the target PSCell access condition is not met at the time of target PCell access condition being met, UE accesses the target PCell, irrespectively. 
Proposal 3: For Rel. 18 procedure of CHO with candidate SCGs, the Rel. 17 procedure of CHO with target SCG is enhanced such that multiple Rel. 17 CHO configurations are prepared for the same target PCell for each target PSCell. 
Proposal 4: For Rel. 18 conditional configuration that contains MCG and SCG configurations, two execution conditions are configured in the serving MCG configuration. First execution condition is evaluated for PCell of the configuration, and second execution condition is evaluated for PSCell of the configuration.
Proposal 5: The PSCell execution condition for candidate SCG in CHO is configured that indicates the “postponed execution” behaviour to the UE. 
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