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1 Introduction 
In RAN2 meetings on the topic of Conditional PSCell addition and change (CPAC) in R17 MR-DC enhancements WI, good progress has been made so far in preparation and execution phases of the procedures, and a number of agreements have been made. In this contribution paper, we discuss two other aspects of CPAC:

· CPAC failure handling.
· CPAC co-existence with CHO.
2 CPAC failure handling
As in CHO and R16 Intra-SN CPC failure handling, we introduce a T304 or T304-like timer for R17 CPAC procedures. This timer tracks the RACH procedure UE initiates to access the target (selected) PSCell upon CPAC triggering. The basic behavior of the timer is discussed in the following proposal.
Proposal 1. A timer (T304 or T304-like) is defined for the R17 CPA and CPC procedures.
· The timer is started when UE initiates RACH on target (selected) PSCell upon CPA or CPC triggering.
· The timer is stopped when UE completes RACH successfully.
· Upon timer expiry before UE completes RACH successfully, UE initiates a recovery procedure.

We discuss the recovery procedure considering various possible options. The next two proposals are similar as legacy behavior. 
Proposal 2. If MN link is available upon expiry of the timer in Proposal 1, one option for recovery is that UE initiates RRC SCG Failure Information procedure with the MN.
If the MN link becomes unavailable during RACH on the PSCell, UE should perform RRC re-establishment.
Proposal 3. If UE detects MCG RLF while RACH on target PSCell is ongoing, the RACH being initiated upon CPA or CPC triggering, UE initiates the RRC re-establishment procedure.  
If the MN link is available upon timer expiry, an alternative option for recovery is for the UE to attempt to access another target PSCell. Upon timer expiry before completing RACH on target PSCell (first attempt), UE does not discard the CPA or CPC configuration and restarts performing measurements as per the provided CPA or CPC configuration. If the CPA or CPC execution condition is met for another target PSCell, UE initiates RACH to access that target PSCell (second attempt). If the second RACH attempt fails, UE performs RRC SCG Failure Information procedure with the MN. 
The motivation for the alternative option for recovery discussed above is to enable UE to succeed in performing PSCell addition or change by trying twice to access a target PSCell, given that significant signaling effort and reservation of resources on the network side is needed to set up the UE with the CPAC configuration. 
Proposal 4. An alternative recovery procedure consists of the following:
· If first RACH attempt on a target PSCell fails, UE restarts performing measurements on other target PSCells as per provided CPAC configuration.  
· Based on the measurements, if CPAC is triggered for another target PSCell, UE initiates RACH to access it (second attempt).
· If second RACH attempt on a target PSCell succeeds, UE performs CPAC execution and completion on the target PSCell.
Proposal 5. If the second RACH attempt on a target PSCell fails, UE performs RRC SCG Failure Information procedure. 
Proposal 6. If UE detects MCG RLF while the second RACH attempt on a target PSCell is ongoing, UE initiates RRC re-establishment.
Observation 1. The alternative option for recovery makes it more likely for UE to succeed in PSCell addition or change by trying twice to access target PSCells and can be justified since significant signaling effort and reservation of network resources is needed for setting up the CPAC configuration.
3 CPAC co-existence with CHO
In R16, RAN2 agreed not to support configuring UE simultaneously with CHO and CPC and handling of subsequent behaviour, because there wasn’t enough time to complete the work. RAN2 requested RAN3 to study whether through OAM configuration or RAN3 signalling it is possible to solve the problem of avoiding simultaneous CHO and CPC configuration, where the CPC configuration is a R16 configuration. RAN3 could not converge on a solution to the problem and so in R16 it is not supported to configure the UE simultaneously with CHO and CPC.
However, it seems quite plausible that UE could be configured simultaneously with CPA or CPC and CHO. An example scenario is R16 Intra-SN CPC, where the MN is not involved in the procedure. SN and MN may independently configure the UE with a CPC and a CHO configuration at the same time. Another example is when UE is located such that it is able to detect the presence of a neighbor PSCell as well as a neighbor PCell or is in the vicinity of a base station with a collocated deployment.   
Therefore, in R17, it should be studied in RAN2 and RAN3 how to support configuring UE simultaneously with CHO and CPAC and handling of subsequent behaviour.
Coexistence of CHO and CPA
In the call-flow of Figure 1, UE is configured simultaneously with CHO and CPA.


[bookmark: _Ref71469659]Figure 1: CPA is triggered before CHO in CPA-CHO coexistence: Alternative #1
There can arise three cases with regard to the order in which CHO and CPA are triggered.
Case 1: CPA is triggered before CHO.
Case 2: CHO is triggered before CPA.
Case 3: CHO and CPA are triggered together.
We study the UE and network behaviour in each of the three cases.
In Case 1, we discuss three alternatives for UE and network behaviour.
Case 1 – Alternative #1: 
In this alternative, upon triggering of CPA and applying the target PSCell configuration, UE discards the CHO configuration; see Figure 1. This is because UE then transitions to MR-DC, whereas the source configuration for CHO is a standalone configuration. Moreover, the MCG configuration in MR-DC is likely different from the previous configuration, e.g., it contains SN key counter; also, measurement and RB (radio bearer) configurations may be different.
Observation 2. If CPA is triggered before CHO, upon triggering of CPA, UE may discard the CHO configuration for the following reasons:
· Upon CPA triggering, UE transitions to MR-DC, whereas the source configuration for CHO is a standalone configuration.
· The MCG configuration in MR-DC is likely different from the previous configuration, e.g., it contains SN key counter; also, measurement and RB (radio bearer) configurations may be different.
Since UE discards the CHO configuration, upon receiving an indication from the UE that the UE has applied the target PSCell configuration, network performs CHO cancellation in the network side.  
Case 1 – Alternative #2:
In this alternative, UE keeps the CHO configuration but doesn’t perform measurements of target PCells of the CHO configuration until it receives a modified CHO configuration from the network; see Figure 2. 



[bookmark: _Ref71498962]Figure 2: CPA is triggered before CHO in CPA-CHO coexistence: Alternative #2
Upon receiving the RRCReconfigurationComplete message from the UE during CPA execution, source MN performs CHO modification with the target MNs and provides an updated CHO configuration to the UE.
Case 1 – Alternative #3:
In the third alternative, the network indicates to the UE whether it should keep or discard the CHO configuration. For example, in the RRC reconfiguration message containing the CHO or the CPA configuration, source MN may indicate, for each target PSCell, whether UE should keep the CHO configuration when CPA is triggered. The following are some example cases where UE can keep the CHO configuration:
· If a target MN decides to provide a full configuration in CHO.
· If the MCG configuration corresponding to a target PSCell configuration in CPA contains only an SN key counter and there is no other change to the MCG configuration.
Observation 3. Network may indicate to the UE that UE should keep the CHO configuration when CPA is triggered. Example cases where UE can keep the CHO configuration are:
· If a target MN decides to provide a full configuration in CHO.
· If the MCG configuration corresponding to a target PSCell configuration in CPA contains only an SN key counter and there is no other change to the MCG configuration.
Considering all the three alternatives, we have the following proposals for UE and network behaviour in case CPA is triggered before CHO.
[bookmark: _Hlk71496125]Proposal 7. If CPA is triggered before CHO, upon triggering of CPA, the following are three possible alternatives regarding UE actions:
· Alternative 1: UE discards the CHO configuration.
· Alternative 2: UE keeps the CHO configuration, but doesn’t perform measurements of target PCells until it receives a modified CHO configuration from source MN.
· Alternative 3: UE keeps the CHO configuration if network provides, for each target PSCell in CPA, an indication in the RRC reconfiguration message containing CHO or CPA configuration to keep the CHO configuration. 
In case of Alternative 3, the indication may be provided per target PCell of CHO configuration.
Proposal 8. If CPA is triggered before CHO, upon triggering of CPA, the following are the three possible alternatives regarding network actions corresponding to the UE actions in Proposal 1:
· Alternative 1: Upon receiving RRCReconfigurationComplete from UE during CPA execution, source MN performs CHO cancellation with the target MNs.
· Alternative 2: Upon receiving RRCReconfigurationComplete from UE during CPA execution, source MN performs CHO modification with the target MNs and provides an updated CHO configuration to UE.
· Source MN includes the MR-DC configuration corresponding to target PSCell for which CPA was triggered, as the source configuration in CHO modification.
· Alternative 3: Upon receiving RRCReconfigurationComplete from UE during CPA execution, source MN performs CHO cancellation of some target PCells depending upon indication provided to the UE.
In Case 2, upon triggering of CHO and applying the target PCell configuration, UE discards the CPA configuration since the PCell has changed. The call-flow for this case is shown in Figure 3.
[bookmark: _Hlk71504324]Observation 4. If CHO is triggered before CPA, upon triggering of CHO, UE should discard the CPA configuration since the PCell has changed.
Proposal 9. If CHO is triggered before CPA, upon triggering of CHO, UE discards the CPA configuration.
Since UE discards the CPA configuration, upon receiving an indication from the UE that the UE has applied the target PCell configuration, network performs CPA cancellation in the network side.
Proposal 10. If CHO is triggered before CPA, upon triggering of CHO and receiving an indication that UE has accessed the target PCell, i.e., receiving Handover Success message from target MN, source MN initiates SN release procedures toward the target SNs.   



[bookmark: _Ref71491891]Figure 3: CHO is triggered before CPA in CPA-CHO coexistence
Case 3 should occur rarely. In this case, CHO should be given priority and performed earlier. Thus, the handling of this case is the same as Case 2. 
Observation 5. If CHO and CPA are triggered together, CHO should be prioritized. The handling is similar as the case where CHO is triggered before CPA, and Observation 4 and Proposals 9 and 10 apply in this case.
[bookmark: _Hlk71504383]Coexistence of CHO and CPC
We first note that, in the CHO procedure, if a target MN decides to change the SCG configuration, a CHO target PCell configuration contains both MCG and SCG configurations.
If UE is configured simultaneously with CHO and CPC, similar cases arise regarding whether CPC or CHO is triggered first and are handled in a similar way as their counterparts in CPA-CHO coexistence. For example, if CPC is triggered before CHO, because the target SCG configuration in CPC is very likely different from the source SCG configuration and the target MCG configuration has likely also changed, there are a similar set of three alternatives as in CPA-CHO coexistence. Figure 4 shows the case where CPC is triggered before CHO and when UE discards the CHO configuration upon triggering of CPC.
[bookmark: _Hlk71504403]Observation 6. Because target SCG configurations in CPC are likely different from source SCG configuration and the target MCG configurations may have also changed, in the case CPC is triggered before CHO, there are similar alternatives for UE and network actions upon CPC triggering that are handled in the same way as in CHO-CPC coexistence.
Observation 7. In CHO-CPC coexistence, similar set of three cases arise regarding whether CPC or CHO is triggered first and are handled in a similar way as in CHO-CPA coexistence, i.e., Observations 2-5 and Proposals 7-10 apply in this case (with straightforward modifications). 
  


[bookmark: _Ref71501522]Figure 4: CPC-CHO coexistence and CPC is triggered before CHO
  
4 Conclusions 
Based on the discussion above, we recommend that RAN2 discuss the following observations and proposals.
CPAC failure handling 
 Proposal 1. A timer (T304 or T304-like) is defined for the R17 CPA and CPC procedures.
· The timer is started when UE initiates RACH on target (selected) PSCell upon CPA or CPC triggering.
· The timer is stopped when UE completes RACH successfully.
· Upon timer expiry before UE completes RACH successfully, UE initiates a recovery procedure.

Proposal 2. If MN link is available upon expiry of the timer in Proposal 1, one option for recovery is that UE initiates RRC SCG Failure Information procedure with the MN.
Proposal 3. If UE detects MCG RLF while RACH on target PSCell is ongoing, the RACH being initiated upon CPA or CPC triggering, UE initiates the RRC re-establishment procedure.  
Proposal 4. An alternative recovery procedure consists of the following:
· If first RACH attempt on a target PSCell fails, UE restarts performing measurements on other target PSCells as per provided CPAC configuration.  
· Based on the measurements, if CPAC is triggered for another target PSCell, UE initiates RACH to access it (second attempt).
· If second RACH attempt on a target PSCell succeeds, UE performs CPAC execution and completion on the target PSCell.
Proposal 5. If the second RACH attempt on a target PSCell fails, UE performs RRC SCG Failure Information procedure. 
Proposal 6. If UE detects MCG RLF while the second RACH attempt on a target PSCell is ongoing, UE initiates RRC re-establishment.
Observation 1. The alternative option for recovery makes it more likely for UE to succeed in PSCell addition or change by trying twice to access target PSCells and can be justified since significant signaling effort and reservation of network resources is needed for setting up the CPAC configuration.
Coexistence of CHO and CPA
Observation 2. If CPA is triggered before CHO, upon triggering of CPA, UE may discard the CHO configuration for the following reasons:
· Upon CPA triggering, UE transitions to MR-DC, whereas the source configuration for CHO is a standalone configuration.
· The MCG configuration in MR-DC is likely different from the previous configuration, e.g., it contains SN key counter; also, measurement and RB (radio bearer) configurations may be different.
Observation 3. Network may indicate to the UE that UE should keep the CHO configuration when CPA is triggered. Example cases where UE can keep the CHO configuration are:
· If a target MN decides to provide a full configuration in CHO.
· If the MCG configuration corresponding to a target PSCell configuration in CPA contains only an SN key counter and there is no other change to the MCG configuration.
Proposal 7. If CPA is triggered before CHO, upon triggering of CPA, the following are three possible alternatives regarding UE actions:
· Alternative 1: UE discards the CHO configuration.
· Alternative 2: UE keeps the CHO configuration, but doesn’t perform measurements of target PCells until it receives a modified CHO configuration from source MN.
· Alternative 3: UE keeps the CHO configuration if network provides, for each target PSCell in CPA, an indication in the RRC reconfiguration message containing CHO or CPA configuration to keep the CHO configuration. 
Proposal 8. If CPA is triggered before CHO, upon triggering of CPA, the following are the three possible alternatives regarding network actions corresponding to the UE actions in Proposal 1:
· Alternative 1: Upon receiving RRCReconfigurationComplete from UE during CPA execution, source MN performs CHO cancellation with the target MNs.
· Alternative 2: Upon receiving RRCReconfigurationComplete from UE during CPA execution, source MN performs CHO modification with the target MNs and provides an updated CHO configuration to UE.
· Source MN includes the MR-DC configuration corresponding to target PSCell for which CPA was triggered, as the source configuration in CHO modification.
· Alternative 3: Upon receiving RRCReconfigurationComplete from UE during CPA execution, source MN performs CHO cancellation of some target PCells depending upon indication provided to the UE.
Observation 4. If CHO is triggered before CPA, upon triggering of CHO, UE should discard the CPA configuration since the PCell has changed.
Proposal 9. If CHO is triggered before CPA, upon triggering of CHO, UE discards the CPA configuration.
Proposal 10. If CHO is triggered before CPA, upon triggering of CHO and receiving an indication that UE has accessed the target PCell, i.e., receiving Handover Success message from target MN, source MN initiates SN release procedures toward the target SNs.   
Observation 5. If CHO and CPA are triggered together, CHO should be prioritized. The handling is similar as the case where CHO is triggered before CPA, and Observation 4 and Proposals 9 and 10 apply.
Coexistence of CHO and CPC
Observation 6. Because target SCG configurations in CPC are likely different from source SCG configuration and the target MCG configurations may have also changed, in the case CPC is triggered before CHO, there are similar alternatives for UE and network actions upon CPC triggering that are handled in the same way as in CHO-CPC coexistence.
Observation 7. In CHO-CPC coexistence, similar set of three cases arise regarding whether CPC or CHO is triggered first and are handled in a similar way as in CHO-CPA coexistence, i.e., Observations 2-5 and Proposals 7-10 apply (with straightforward modifications).
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