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1	Introduction
This paper elaborates on some unresolved CPAC issues, which in our opinion shall be addressed in Rel-17. 
2	Discussion
2.1	Solution 2 for SN-initiated CPC
At RAN2#116 the LS to RAN3 has been sent in [1]. It has described RAN2 progress concerning Solution 2, which has been chosen for SN-initiated CPC. In this approach the MN can inform the S-SN which cells have been acknowledged by T-SN before MN sends RRC Reconfiguration to the UE. The following has been agreed at RAN2#116 [2]:
	1: RAN2 assumes MN decides whether to skip the second part of Solution 2 procedure. Up to network implementation which criteria are considered by the MN.
2: RAN2 thinks MN can skip the second part of procedure in Solution 2 at least when T-SN acknowledges all candidate PSCells. This needs not be captured in specifications.



This has been indicated to RAN3 in [1]. In addition, RAN2 was not able to resolve what does skipping the second part of procedure in Solution 2 exactly mean. The following understanding has been also included in [1]:
	Whether second part of procedure in Solution 2 refers to a) MN not waiting for S-SN -> MN response or b) both messages (i.e. MN-> S-SN and S->MN) being left out.



RAN3 was asked to share their view and decide if they have a solid opinion that any of these options is clearly preferred. In our opinion S-SN needs to be informed always on which cells have been acknowledged, even if no response from S-SN is expected.
Proposal 1: MN always informs S-SN regarding the cells which have been acknowledged/not acknowledged by the T-SN, even if no response from S-SN is expected.
Thus, signalling should support including such information in the message sent to the S-SN from MN upon T-SN prepares candidate PSCells. In our view this cannot be addressed simply by inserting a related NOTE into one of the specifications (e.g. TS 37.340), as this will be a non-binding behavior and in practice it may turn out MN never uses this notification towards S-SN. This effectively would mean Solution 2 does not exist, despite RAN2 agreement to adopt it for SN-initiated CPC. 
Observation 1: If the behavior concerning MN informing or not informing the S-SN on which PSCells have been acknowledged by the T-SN is just described in the NOTE, it effectively means Solution 2 for SN-initiated CPC is not supported (contrary to the RAN2 agreement). 
Thus, we propose the following:
Proposal 2: The indication on which PSCells have been acknowledged by the T-SN is supported in the inter-node message from MN to S-SN.
How to exactly implement it, including Stage-3 details, is addressed in our RAN3 paper [7]. 
2.2 	T-SN using delta or full-config
In our previous paper [3] we have argued on the use of delta and full configuration for SN-initiated CPC. It was claimed that the acceptance of all suggested PSCells is a relatively simple case, as the S-SN will not update its configuration, due to the preparation of the full set of suggested cells. Thus, delta configuration can be used by the T-SN without major risk of configuration mismatch.
Observation 2: If T-SN acknowledges all suggested PSCells, delta configuration can be safely used as subsequent S-SN reconfiguration is not likely to happen.
However, T-SN can never be sure whether there will be subsequent reconfigurations made by S-SN in case T-SN does not acknowledge all suggested PSCells. So in order to be on the safe side, the T-SN may decide to always apply full configuration which can allow to avoid potential configuration mismatch.
Observation 3: T-SN may always use full configuration to avoid potential configuration mismatch in case the S-SN decides to reconfigure the UE prior to CPC execution.
The approach described in Observation 3 does not seem to be flexible and is definitely signalling-heavy. After all, delta configuration shall be used whenever it is safe and doable. To enable delta configuration for T-SN preparations, it needs to be known under which circumstances the S-SN will not update its configuration before CPC execution. Otherwise, preparing delta by T-SN may be in vain and can lead to a configuration error. 
Proposal 3: S-SN shall inform under which circumstances S-SN configuration will not be changed after T-SN preparation is done.
This may be communicated as a part SN Change Required. Some rules may be also described in the standard, but not in the form of a NOTE, which is not a solid way of creating the specification.
Proposal 4: How the S-SN informs the MN and T-SN about the use of delta-configuration for candidate PSCells is defined in the standard (e.g. as a part of SN Change Required message). 
In the Appendix A.1 it is shown how to simply describe this in 37.340 (Stage-2, listing the content of SN Change Required).   
2.3 	Unsynchronized update of MCG configuration
The issue of unsynchronized MCG configuration, described in [4] and [5], was not discussed at RAN2#116 due to the lack of time. In a nutshell, it has been noticed that the UE may apply a new MCG configuration at the time of CPAC execution and send the complete message to the MCG. However, MN does not know the point in time when new MCG configuration is applied by the UE, so there might be a configuration mismatch (i.e. MN expects the UE uses “old” configuration while the UE has already applied “new” MCG configuration). In [4] and [5] it is suggested that the problem may be resolved by sending additional message (e.g. ULInformationTransferMRDC) before the UE responds to MN with RRCReconfigurationComplete. While this may be a simple approach, it also introduces additional message and delays the point in time when the NW effectively receives the RRCReconfigurationComplete.
Observation 4: Using ULInformationTransferMRDC to indicate the CPAC execution condition has been met and then subsequently sending the RRCReconfigurationComplete introduces additional signalling step at Uu interface and delays the completion of RRC Reconfiguration procedure. 
We suggest RAN2 to consider using ULInformationTransferMRDC, but with embedded RRCReconfigurationComplete and conditional reconfiguration ID. By taking such step UE does not send multiple messages towards the MN once the CPAC condition is met and the entire procedure is not delayed (due to the need to send one more message). 
Proposal 5: UE sends ULInformationTransferMRDC using the old configuration. It contains Conditional Reconfiguration ID and embedded RRCReconfigurationComplete.
However, there might be a case where the UE does not have a new MCG configuration to apply as a part of CPAC reconfiguration. In these circumstances, the UE could respond directly with RRCReconfigurationComplete using the “old” configuration (as there is no “new” config to apply in this scenario). On the other hand, this would mean we define two different behaviors in the same procedure, which may not be an optimal approach from the specification simplicity point of view. Thus, RAN2 shall decide how to address it. 
Proposal 6: If Proposal 5 is agreed, RAN2 shall decide whether the same behavior is specified for the case when CPAC configuration does not contain a new MCG config.
Text Proposal showing how the suggested changes may look like in TS 37.340 is provided in the Appendix A.2.
2.4 	Other CPAC aspects in Rel-17
At RAN2#116 it was attempted to decide if CHO and CPAC coexistence should be somehow supported in Rel-17. This was discussed at the online session [2] and via offline thread (summary in [6]). The views were diverged - there were companies clearly supporting some sort of coexistence and also others that were worried of too many UE behavioral aspects to specify still in Rel-17. To some extent we agree the time is scarce and it is impossible to do a proper analysis of all CHO/CPAC cases and their relationships. On the other hand, we think allowing simultaneous configuration of CHO and CPAC is important for ensuring network flexibility and achieving benefits of both functionalities. If there is no willingness to work on the ‘complex’ co-existence rules for CHO and CPAC, we would be also fine to start with enabling CHO and CPAC simultaneous configuration and leaving the co-existence rules on the network side.
Proposal 7: CHO and CPAC can be configured simultaneously. Network takes care of configuration handling in case one of CHO/CPAC triggers. 
In particular, we understand the UE may be allowed to discard all other conditional reconfigurations when CHO/CPAC triggers. Network is aware of that and needs to configure all from scratch after the UE completes conditional reconfiguration. This is not an optimal behavior, but at least a starting point which can be further developed in the next releases. 
Proposal 8: UE may be allowed to delete all other conditional reconfiguration when CHO/CPAC triggers. If network wants the UE to continue evaluating some of them after CHO/CPAC, network provides those after completed CHO/CPAC. 
3	Conclusion
The following observations and proposals have been made in this paper:
Proposal 1: MN always informs S-SN regarding the cells which have been acknowledged/not acknowledged by the T-SN, even if no response from S-SN is expected.
Observation 1: If the behavior concerning MN informing or not informing the S-SN on which PSCells have been acknowledged by the T-SN is just described in the NOTE, it effectively means Solution 2 for SN-initiated CPC is not supported (contrary to the RAN2 agreement). 
Proposal 2: The indication on which PSCells have been acknowledged by the T-SN is supported in the inter-node message from MN to S-SN.
Observation 2: If T-SN acknowledges all suggested PSCells, delta configuration can be safely used as subsequent S-SN reconfiguration is not likely to happen.
Observation 3: T-SN may always use full configuration to avoid potential configuration mismatch in case the S-SN decides to reconfigure the UE prior to CPC execution.
Proposal 3: S-SN shall inform under which circumstances S-SN configuration will not be changed after T-SN preparation is done.
Proposal 4: How the S-SN informs the MN and T-SN about the use of delta-configuration for candidate PSCells is defined in the standard (e.g. as a part of SN Change Required message). 
Observation 4: Using ULInformationTransferMRDC to indicate the CPAC execution condition has been met and then subsequently sending the RRCReconfigurationComplete introduces additional signalling step at Uu interface and delays the completion of RRC Reconfiguration procedure. 
Proposal 5: UE sends ULInformationTransferMRDC using the old configuration. It contains Conditional Reconfiguration ID and embedded RRCReconfigurationComplete.
Proposal 6: If Proposal 5 is agreed, RAN2 shall decide whether the same behavior is specified for the case when CPAC configuration does not contain a new MCG config.
Proposal 7: CHO and CPAC can be configured simultaneously. Network takes care of configuration handling in case one of CHO/CPAC triggers. 
Proposal 8: UE may be allowed to delete all other conditional reconfiguration when CHO/CPAC triggers. If network wants the UE to continue evaluating some of them after CHO/CPAC, network provides those after completed CHO/CPAC. 
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Appendix A – Text Proposals, based on [8]
A.1 Delta or full-config indication – TP for 37.340
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SN initiated conditional inter-SN Change
The SN initiated conditional inter-SN change procedure is used to configure CPC configuration.


Figure 10.5.2-4: Conditional SN change procedure - SN initiated
Figure 10.5.2-4 shows an example signalling flow for the conditional SN Change initiated by the SN:
1. The source SN initiates the conditional SN change procedure by sending the SN Change Required message, which includes a CPC initiation indication. The message also contains a candidate target node ID and may include the SCG configuration (to support delta configuration) or the indication to use full-config, and contains the measurements results which may include cells that are not CPC candidates. The message also includes a list of proposed PSCell candidates recommended by the source SN, including execution conditions, and may also include the SCG measurement configurations for CPC (e.g. measId(s)to be used for CPC). 
2/3.	The MN requests the target SN to allocate resources for the UE by means of the SN Addition procedure, including a CPC initiation indication, and the measurements results which may include cells that are not CPC candidates received from the source SN to the target SN, and indicates the list of proposed PSCell candidates received from the source SN, but not including execution conditions. Within the list of PSCells, the SN decides the list of  PSCell(s) to prepare and, for each prepared PSCell, the SN decides other SCG SCells and provides the new corresponding SCG radio resource configuration to the MN in an NR RRC configuration message (RRCReconfiguration****) contained in the SgNB Addition Request Acknowledge message. If data forwarding is needed, the target SN provides data forwarding addresses to the MN. The target SN includes the indication of the full or delta RRC configuration, and the list of prepared PSCell IDs to the MN. The target-SN can either accept or reject each of the candidate cells suggested by the Source-SN, i.e., it cannot come up with any alternative candidates.
4. The MN may indicate the candidate PSCells accepted by the target SN to the source SN, if needed,, e.g., when T-SN does not acknowledge all candidate PSCells,.
Editor’s Note: which message used for MN to indicate the candidate PSCells accepted by the target SN to the source SN; step 4 is mandatory or optional before the CPC configuration is sent to the UE depends on which step is included within the second part of procedure in Solution 2 which can be skipped.
5. The source SN may provide the updated measurement configurations to the MN.
Editor’s Note: which message used for source SN to provide the updated measurement configurations to the MN. FFS Step 5 is mandatory or optional before the CPC configuration is sent to the UE depends on which step is included within the second part of procedure in Solution 2 which can be skipped.
6.  The MN informs the source SN the data forwarding addresses as received from the target SN and if applicable, to start early data forwarding.
Editor’s Note:whether step 6 is needed and which message is used to inform the source SN to not stop providing user data to the UE, and/or the data forwarding addresses as received from the target SN and if applicable, to start early data forwarding.
7.	The MN sends to the UE an RRC reconfiguration message (RRC reconfiguration*) including the CPC configuration, (i.e. a list of RRC reconfiguration messages RRC reconfiguration***) and associated execution conditions, in which RRC reconfiguration*** contains RRCReconfiguration**** received from the candidate SN. Besides, the RRC reconfiguration message (RRC reconfiguration*) can also include the current MCG updated configuration, e.g., to configure the required conditional measurements, as well as the NR RRC configuration message (RRCReconfigutation**) generated by the source-SN.
8.  The UE applies the RRC configuration (in RRC reconfiguration*) excluded the CPC configuration, stores the CPC configuration and replies to the MN with an RRC reconfiguration complete message (RRC reconfiguration complete*), which can include an NR RRC response message (RRCReconfigutationComplete**). In case the UE is unable to comply with (part of) the configuration included in the RRC reconfiguration* message, it performs the reconfiguration failure procedure.
8a.	If an SN RRC response message is included, the MN informs the source SN via SN Reconfiguration Complete message with the SN RRC response message (RRCReconfigutationComplete**) for the source SN. The MN may indicate the candidate PSCells accepted by the target SN to the source SN. 
9.  The UE starts evaluating the execution conditions. If the execution condition of one candidate PSCell is satisfied, the UE applies RRC reconfiguration message (RRC reconfiguration***) corresponding to the selected candidate PSCell, and sends an RRC reconfiguration complete message (RRC reconfiguration complete***), including an NR RRC message (RRCReconfigurationComplete****) for the selected candidate PSCell, and the selected PSCell information to the MN.
10: The MN informs the source SN to stop providing user data to the UE, and provides the address of the selected target SN and if applicable, starts late data forwarding. 
Editor’s Note:: whether SgNB Change Confirm message is used in step 10 to inform source SN to stop providing user data to the UE, and the address of the selected target SN is still FFS.
11.	If the RRC connection reconfiguration procedure was successful, the MN informs the target SN via SN Reconfiguration Complete message, including the SN RRCReconfigurationComplete**** response message for the target SN. The MN cancels CPC in the other target candidate SNs, if configured.
12.	The UE synchronizes to the target SN indicated in RRCConnectionReconfiguration***.
13.	If PDCP termination point is changed for bearers using RLC AM, the source SN sends the SN Status Transfer, which the MN sends then to the target SN, if needed.
14.	If applicable, data forwarding from the source SN takes place. It may be initiated as early as the source SN receives the data forwarding address related information from the MN.
15.	The source SN sends the Secondary RAT Data Usage Report message to the MN and includes the data volumes delivered to and received from the UE as described in clause 10.11.2.
NOTE 6:	The order the 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 flow is stopped.
16-20.	If applicable, a PDU Session path update procedure is triggered by the MN.
21.	Upon reception of the UE Context Release message, the source SN releases radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
END OF CHANGE

A.2 Unsynchronized update
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Conditional PSCell Addition (CPA) 
Figure 10.2.1-2 shows the Conditional Secondary Node Addition procedure.


Figure 10.2.1-2: Conditional Secondary Node Addition procedure
1.	The MN decides to configure CPA for the UE and requests the candidate SN to allocate resources for a specific E-RAB, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to bearer type) and the list of PSCells that may be prepared by the MN. In addition, for the bearers requiring SCG radio resources, the MN indicates the requested SCG configuration information, including the entire UE capabilities and the UE capability coordination result. In this case, the MN also provides the latest measurement results for the SN to choose and configure the SCG cell(s). The MN may request the SN to allocate radio resources for split SRB operation. The MN always provides all the needed security information to the SN (even if no SN terminated bearers are setup) to enable SRB3 to be setup based on SN decision. In case of bearer options that require X2-U resources between the MN and the SN, the MN provides X2-U TNL address information for the respective E-RAB, X2-U DL TNL address information for SN terminated bearers, X2-U UL TNL address information for MN terminated bearers. In case of SN terminated split bearers the MN provides the maximum QoS level that it can support. The SN may reject the request.
NOTE 6:	For split bearers, MCG and SCG resources may be requested of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MCG and the SCG together, or even more. For MN terminated split bearers, the MNs decision is reflected in step 1 by the E-RAB parameters signalled to the SN, which may differ from E-RAB parameters received over S1.
NOTE 7:	For a specific E-RAB, the MN may request the direct establishment of an SCG or a split bearer, i.e., without first having to establish an MCG bearer. It is also allowed that all E-RABs can be configured as SN terminated bearers, i.e. there is no E-RAB established as an MN terminated bearer.
Editor’s Note: FFS whether a separate list of proposed PSCells is provided from MN to target SN.
2.	If the RRM entity in the SN is able to admit the resource request, it allocates respective radio resources and, dependent on the bearer option, respective transport network resources. For bearers requiring SCG radio resources, the SN performs Random Access at the CPA execution so that synchronisation of the SN radio resource configuration can be performed. Within the list of PSCells indicated by the MN, the SN decides the list of  PSCell(s) to prepare and, for each prepared PSCell, the SN decides other SCG SCells and provides the new corresponding SCG radio resource configuration to the MN in an NR RRC configuration message (RRCReconfiguration***) contained in the SgNB Addition Request Acknowledge message. In case of bearer options that require X2-U resources between the MN and the SN, the SN provides X2-U TNL address information for the respective E-RAB, X2-U UL TNL address information for SN terminated bearers, X2-U DL TNL address information for MN terminated bearers. For SN terminated bearers, the SN provides the S1-U DL TNL address information for the respective E-RAB and security algorithm. If SCG radio resources have been requested, the SCG radio resource configuration is provided.
NOTE 8:	For the SN terminated split bearer option, the SN may either decide to request resources from the MN of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MN and the SN together, or even more. The SNs decision is reflected in step 2 by the E-RAB parameters signalled to the MN, which may differ from E-RAB parameters received in step 1. The QoS level requested from the MN shall not exceed the level that the MN offered when setting up the split bearer in step 1.
Editor’s Note: FFS whether a separate list of proposed PSCells is provided from MN to target SN.
Editor’s Note: FFS whether the target SN can also pick target cells not proposed by the MN.
3.	The MN sends to the UE an RRCConnectionReconfiguration message (RRCConnectionReconfiguration*) including the CPA configuration, (i.e. a list of RRCConnectionReconfiguration messages RRCConnectionReconfiguration**) and associated execution conditions, in which RRCConnectionReconfiguration** contains RRCReconfiguration*** received from the candidate SN. Besides, the RRCConnectionReconfiguration message (RRCConnectionReconfiguration*) can also include the current MCG updated configuration, e.g., to configure the required conditional measurements.
Editor’s Note: it is FFS how to capture the following agreement: The message carrying ‎conditionalReconfiguration for CPA/CPC is in MN format (i.e. contains ‎both MCG and SCG re-configurations).
4.	The UE applies the RRC configuration (in RRCConnectionReconfiguration*) excluding the CPA configuration, stores the CPA configuration and replies to the MN with an RRCConnectionReconfigurationComplete message (RCConnectionReconfigurationComplete*) without any NR RRC response message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration* message, it performs the reconfiguration failure procedure.
4a. The UE starts evaluating the execution conditions. If the execution condition of one candidate PSCell is satisfied, the UE sends ULInformationTransferMRDC to the MN which includes embedded RRCConnectionReconfigurationComplete message (RRCConnectionReconfigurationComplete*) including an NR RRC message (RRCReconfigurationComplete**) for the selected candidate PSCell and the selected PSCell information. UE applies RRCConnectionReconfiguration message (RRCConnectionReconfiguration**) corresponding to the selected candidate PSCell., and sends an RRCConnectionReconfigurationComplete message (RRCConnectionReconfigurationComplete**), including an NR RRC message (RRCReconfigurationComplete***) for the selected candidate PSCell, and the selected PSCell information to the MN.
5.	The MN informs the SN that the UE has completed the reconfiguration procedure successfully via SgNB ReconfigurationComplete message, including the RRCReconfigurationComplete*** message. The MN cancels CPA in the other target candidate SNs, if configured.
Editor’s Note: it is FFS what defines a successful reconfiguration procedure
6.	The UE performs synchronisation towards the selected PSCell indicated in RRCConnectionReconfiguration**. The order the UE sends the RRCConnectionReconfigurationComplete** message and performs the Random Access procedure towards the SCG is not defined. The successful RA procedure towards the SCG is not required for a successful completion of the RRC Connection Reconfiguration procedure.
7.	If PDCP termination point is changed to the SN for bearers using RLC AM, and when RRC full configuration is not used, the MN sends the SN Status Transfer.
8.	For SN terminated bearers moved from the MN, dependent on the bearer characteristics of the respective E-RAB, the MN may take actions to minimise service interruption due to activation of EN-DC (Data forwarding).
9-12.	If applicable, the update of the UP path towards the EPC is performed.

END OF CHANGE
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