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1
Introduction

The WID on Multi-Radio Dual-Connectivity enhancements was approved at RAN#86 in [1] (revised in [2] at RAN#88e). One of the objectives is given below:
1. Support of conditional PSCell change/addition [RAN2, RAN3, RAN4]

· support scenarios which are not addressed in Rel-16 NR mobility WI

Furthermore, during RAN3#111-e, the following agreements have been made:

WA: Prepare multiple PSCells in one CPAC procedure.Do not provide Location Information and Resource Coordination information in CPAC, use same parameters for other IEs in the response message for different PSCells, FFS for single RRC container or multiple RRC containers which is pending to RAN2.
WA: Initiating node to make the decision on how many PSCells may be configured for UE.
WA: In case of SN initiated inter-SN CPC, prepare multiple PSCells in one target SN by one SN Change procedure is the baseline.

In CPA and MN initiated inter-SN CPC, MN does not send execution condition(s) to the Target SN, Target SN provides the prepared PSCell id(s) and the corresponding RRC container(s) (RRCReconfiguration) to the MN, and then the MN generates and transmits the conditional configuration message to the UE. 

Direct communication between S-SN and T-SN is not supported.

Early data forwarding in CPAC is supported
And the following issues were identified and discussed:

FFS whether the initiating node send the suggested PSCell number and/or the maximum number of PSCells to the peer node.
FFS on how to support CPAC replace:

-
FFS: CPA replace：reuse the MN/SN initiated SN modification procedures.

-
FFS: MN initiated inter-SN CPC replace: reuse MN initiated SN modification and SN initiated SN modification procedures, together with SN release procedure.

-
FFS: SN initiated inter-SN CPC replace: reuse SN Change procedure, together with MN initiated SN modification and SN initiated SN modification procedures.
FFS on F1AP and E1AP impacts.

FFS if conditional SN change can be prepared directly between the involved SNs (depends on availability of SRB3).
This document aims at discussing the CPAC preparation aspects taking into account these agreements and some of the open issues.
2
Discussion

2.1
Conditional PSCell Addition
For this scenario, it was agreed to use the SN Addition procedure as baseline. The flow chart for legacy PSCell Addition is described in TS 37.340, section 10.2.2:
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Figure 1: MR-DC with 5GC - SN Addition procedure
2.1.1 CPA Preparation
In SN Addition, the difference compare to Handover Request is that it’s up to the receiving node to choose the most suitable PSCell for the UE. The SN Addition is not used to add a cell, but to add a Secondary Node. Therefore, all the parameters signalled to the SN are node-specific and not cell-specific. The measurements will then be used by the SN to select a number of PSCells. For the SN Addition Request Acknowledge, it was argued that the response is cell-dependent (e.g. due to load, cell A can accept all the PDU Sessions, but cell B can accept only a subset). This is of course true, but the SN being in charge of the PSCells choice, it should also be in charge of the number of prepared PSCells for a conditional SN Addition. It means that if the load of some cells does not fulfil the MN requirements, it can report only the ones which can. 2 conditional PSCells accepting all the PDU Sessions is always better than 3 conditional PSCells accepting only a subset of the needed resources. And even if the SN still wants to report a cell which cannot accept all the PDU Sessions while having some less loaded cell where the UE may enter the coverage, it can be reported in a different way in the SN Addition Request Acknowledge (e.g. in a different list of the same message). Furthermore, the cell-specific IEs in the SN Addition Request Acknowledge (i.e. Location Information and Resource Coordination information) are not needed at CPAC preparation but at CPAC execution, and can be provided later to the MN. Therefore, there is no need to use parallel procedures as in CHO. One single SN Addition Request is enough for a given candidate SN. Taking these arguments into consideration, it is proposed to confirm the WA as follow.
Proposal 1: Multiple PSCells can be prepared in one CPAC procedure. Cell-specific IEs (i.e. Location Information and Resource Coordination information) are not provided in the CPAC response message. Others IEs in the response are applicable to all the prepared PSCells
Similar to CHO, the candidate SN will need to reserve resources for a UE which may never access one of its cells, or with an unknown delay (i.e. until one of the conditions is fulfilled). Therefore, it is essential that the candidate is aware that the SN Addition is conditional, similar to the CHO indicator in the Handover Request message.
Proposal 2: Add a CPA indicator to the S-Node Addition Request message
In legacy PSCell Addition, the MN is requesting only one target PSCell from the target SN. With rel-17 CPAC, the MN may be able to require one or more candidate PSCells to be configured by the target candidate SN. Also, the target candidate SN is in charge of selecting the PSCell(s) to configure, thanks to measurements (and possibly other information such as PCell ID) received from the MN, and therefore should be able to select how many candidate target PSCells need to be configured. However, the MN may want to control (e.g. limit) the number of PSCells configured by the target candidate SN. Some reasons for this limitation being for example:

-
UE supports only a limited number of CPA configurations

-
MN wants to limit the number of configured PSCells

But there is no mechanism in current specifications which can be used by the MN to perform such control.

Another issue is that the MN may configure multiple target candidate SNs for the same UE and there is a maximum number of candidate target cells (currently eight) that can be configured totally in RRC signalling. But the target SNs does not know how many CPA configurations were configured by the other SNs, and therefore may configure a number of PSCells which will exceed the UE limitation when added to the other target candidate SN PSCells.
To solve this case, it is proposed to confirm the WA that the initiating node (here the MN) has the possibility to control the number of PSCells configured by the target candidate SN and thereby control the total number of candidate target cells configured towards the UE.
Proposal 3: Confirm WA: Initiating node decides how many PSCells may be configured for the UE
Different solutions were discussed:

1. MN signals a max number of PSCells to be configured by the SN

2. MN requests a certain number of PSCells to be configured by the SN, and cancels some of them if the SN decides to prepare more than this number and if the UE limitation is reached
3. SN signals a given number of PSCells, but with a priority, so the MN knows which one(s) to use or cancel if needed

These 3 solutions are not mutually exclusive.

Proposal 4: Discuss and agree the mechanism(s) used by the MN to control the number of PSCells configured by the target candidate SN
2.1.2 Modification of an already prepared CPA - Cancellation

One low hanging fruit for the modification use-case would be the cancellation of one or multiple candidate PSCells. The following scenarios need to be discussed:
· Cancellation triggered by the MN

· All the candidate PSCells in a candidate SN

· One or multiple (but not all) candidate PSCells in a candidate SN

· Cancellation of CPA (i.e. all the candidate PSCells in all candidate SNs)
· Cancellation triggered by the candidate SN

· All the candidate PSCells

· One or multiple (but not all) candidate PSCells 

Proposal 5: For the CPA modification scenario, support at least MN-initiated and SN-initiated cancellation
2.2
Conditional PSCell Change
2.2.1 SN-initiated inter-SN change

For this scenario, it was agreed to use the SN initiated SN Change procedure as baseline. The flow chart for legacy SN-initiated PSCell Change is described in TS 37.340, section 10.5.2.
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Figure 2: MR-DC with 5GC - SN-initiated SN change
Similar to SN Addition, the S-SN request is node specific and only the Target S-NG-RAN node ID IE will differ if multiple T-SNs are to be configured. Therefore, parallel transactions are not needed and one SN Change procedure can be used for multiple T-SNs. It is therefore proposed to confirm the WA, and to agree that one SN Change Required can also be used for multiple PSCells located in different target SNs.
Proposal 6: In case of SN initiated inter-SN CPC, multiple PSCells in one target SN configured by one SN Change procedure is the baseline
Proposal 7: In case of SN initiated inter-SN CPC, multiple PSCells located in different target SNs can be configured by one SN Change procedure 
Similar to CPA (see section 2.1.1. and proposals 3 and 4), a mechanism to control the number of PSCells configured for a given UE is also needed. For SN-initiated CPC, the S-SN should decide how many PSCells may be configured for the UE. The WA assumption can therefore be applied to this use-case too. But the difference with CPA is that only the MN will be able to know how many candidate PSCells are configured by a target candidate SN. Therefore, this information should be signalled to the S-SN, in the SN Change Confirm message. 
Observation 1: Similar to CPA, a mechanism to control the number of PSCells configured for a given UE is needed for SN-initiated CPC
Observation 2: Only the MN is able to know how many candidate PSCells are configured by a target candidate SN
Proposal 8: Signal the configured target candidate PSCells in SN Change Confirm message
2.2.2 MN-initiated SN change

For this scenario, it was agreed to use the MN initiated SN Change procedure, i.e. CPA + SN release as baseline. The flow chart for legacy MN-initiated PSCell Change is described in TS 37.340, section 10.5.2:
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Figure 3: MR-DC with 5GC - MN-initiated SN change
From a target candidate SN point-of-view, step 1 on the flow chart above is similar to a CPA. There is no need to study this aspect at 2 different places.

Proposal 9: Reuse CPA conclusion for the SN Addition part of CPC
Similar to CPA (see section 2.1.1. and proposals 3 and 4), a mechanism to control the number of PSCells configured for a given UE is also needed. For MN-initiated CPC, the MN should decide how many PSCells may be configured for the UE. The WA assumption can therefore be applied to this use-case too.

Observation 3: Similar to CPA, a mechanism to control the number of PSCells configured for a given UE is needed for MN-initiated CPC
2.3
RAN3 impact of RAN2 agreements

During last RAN2 meetings, agreements with potential impact on RAN3 have been agreed. This section will analyze these one by one and try to conclude if RAN3 work is impacted. The agreements can be found in the LS sent by RAN2 in [3]:
1
In SN initiated CPC with MN involvement, the source SN transfers the execution condition(s) to the MN. FFS whether MN needs to comprehend the execution condition set by the source SN. FFS on stage-3 detail of coding of execution condition(s) in the final message.

[RAN3 impact] Yes. 2 options are discussed in RAN2:

· Option 1: conditions are sent in SN Change Required

· Option 2: conditions are not sent in SN Change Required

The 2 options have heavy RAN3 impacts and are very network signalling dependent. Therefore, this agreement shall be discussed in priority, and RAN3 shall communicate the conclusion to RAN2.

Both options have pros and cons e.g. extra signaling (mainly for option 2 but also for option 1 depending on implementation), extra implementation complexity for option 1 due to all the possible intercations between MN, S-SN and T-SN, etc…

But for both options there is no need to enhance the SN Addition Request with the list of target candidate PSCells. Dual Connectivity principles shall be respected and the T-SN shall be in charge of selecting the candidate PSCells based on the received measurements. Thus, the SN Addition procedure can be used in CPA and CPC the same way.
Proposal 10: Further discuss signalling options for SN-initiated SN Change
2
Only SRB1 can be used in CPA and Inter-SN CPC scenarios in Rel-17. The complete message upon CPAC execution for CPA and Inter-SN CPC in Rel-17 should be provided to the MN via SRB1.
[RAN3 impact] No. If multiple PSCells were configured in the T-SN via the same SN Addition procedure, the T-SN will be able to know to which PSCell the UE will connect by checking the M-NG-RAN node to S-NG-RAN node Container.
3
UE checks the validity of CPAC execution criteria configuration immediately on receiving the CPAC Reconfiguration message.


Compliance check for embedded RRCReconfiguration may be delayed until execution (up to UE implementation). This does not introduce specification changes regarding compliance checking of embedded Reconfiguration message containing configuration of conditional PSCell candidate.
[RAN3 impact] No.

4
For CPC initiated by MN, A4/B1 like execution condition should be supported.
[RAN3 impact] No.

5
Non-conditional SCG RRC Reconfiguration can be sent in the same MN generated RRCRconfiguration message, which carries execution conditions and target candidate configurations e.g. ‎the mrdc-secondaryCellGroup can be sent in the same configuration message with the ‎conditionalReconfiguration for inter-SN CPC.
[RAN3 impact] No.

6a
In case of CPA and MN initiated Inter-SN CPC, upon reception of ‎RRCReconfiguration/RRCConnectionReconfiguration message with CPAC configuration, UE responds with RRCReconfigurationComplete/RRCConnectionReconfigurationComplete message to the MN to inform ‎that the message has been received. The message does not include an embedded RRC complete message for source SN.
[RAN3 impact] No.

6b
In case of SN initiated Inter-SN CPC, upon reception of ‎RRCReconfiguration/RRCConnectionReconfiguration message with CPAC configuration, UE responds with RRCReconfigurationComplete/RRCConnectionReconfigurationComplete message to MN. This message can include an embedded RRC complete message for source SN.
[RAN3 impact] Yes. SN Reconfiguration Complete will be sent at CPAC preparation and at CPAC execution. A new choice in the Response Information IE might be needed.

7
The message carrying ‎conditionalReconfiguration for CPA/CPC is in MN format (i.e. contains ‎both MCG and SCG re-configurations). For the following cases: a). MN-Initiated CPA b). MN-Initiated inter-SN CPC c). SN-initiated inter-SN CPC. 
[RAN3 impact] No. It means that there is no need to transfer the RRCReconfiguration message(s) received from candidate target SNs to the S-SN in case of SN-initiated inter-SN change.
8
In CPA and Inter-SN CPC, upon execution of CPAC, ‎the UE ‎shall ‎reply the RRCReconfigurationComplete/RRCConnectionReconfigurationComplete ‎message to ‎the MN ‎including an embedded RRC complete message to the SN, and then the MN ‎informs the ‎target SN. 
[RAN3 impact] No. Similar to legacy.

9
Working assumption: the configurations of all candidates PSCell configurations for CPA and Inter-SN PSCell change are ‎released upon the successful completion of CPAC, conventional PSCell change or conventional PSCell ‎addition.‎ This can be revisited if critical issues found in a later stage. 
[RAN3 impact] No.

10
SCGFailureInformation procedure can be taken as the baseline for CPAC failure ‎handling in Rel-17 ‎scenarios.‎ 

      FFS on the exact content of the message. 

      FFS if time allows on further ‎enhancements to CPAC failure handling‎ ‎
[RAN3 impact] No.

Proposal 11: Further discuss RAN3 impacts of RAN2 agreements
3
Conclusion
In this contribution the support of conditional PSCell change/addition has been discussed, and the following observations and proposals have been made:
Proposal 1: Multiple PSCells can be prepared in one CPAC procedure. Cell-specific IEs (i.e. Location Information and Resource Coordination information) are not provide in the CPAC response message. Others IEs in the response are applicable to all the prepared PSCells
Proposal 2: Add a CPA indicator to the S-Node Addition Request message
Proposal 3: Confirm WA: Initiating node decides how many PSCells may be configured for the UE
Proposal 4: Discuss and agree the mechanism(s) used by the MN to control the number of PSCells configured by the target candidate SN
Proposal 5: For the CPA modification scenario, support at least MN-initiated and SN-initiated cancellation
Proposal 6: In case of SN initiated inter-SN CPC, multiple PSCells in one target SN configured by one SN Change procedure is the baseline
Proposal 7: In case of SN initiated inter-SN CPC, multiple PSCells located in different target SNs can be configured by one SN Change procedure
Observation 1: Similar to CPA, a mechanism to control the number of PSCells configured for a given UE is needed for SN-initiated CPC
Observation 2: Only the MN is able to know how many candidate PSCells are configured by a target candidate SN
Proposal 8: Signal the configured target candidate PSCells in SN Change Confirm message
Proposal 9: Reuse CPA conclusion for the SN Addition part of CPC

Observation 3: Similar to CPA, a mechanism to control the number of PSCells configured for a given UE is needed for MN-initiated CPC
Proposal 10: Further discuss signalling options for SN-initiated SN Change
Proposal 11: Further discuss RAN3 impacts of RAN2 agreements
4
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