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1	Introduction
[bookmark: _Toc474247438]Until the October meeting, RAN3 focused on adding rather random parts of the S-CPAC solution – the overall concept was not possible to be designed because of unclear RAN2 concept. This was largely resolved at RAN2 #123-bis, when many major decisions took place (see LS from RAN2 in [1]). Based on those, we attempt here to sketch the complete RAN3 solution.
2	Discussion
2.1	MN vs SN format
In the LS [1] RAN2 asks:
RAN2 thinks that the MN format is used to configure subsequent CPAC if both inter-SN CPC candidate cells and intra-SN CPC candidate cells are configured for one UE simultaneously. If only intra-SN subsequent CPAC is configured, it can be up to the NW implementation which format is used, i.e., SN format or MN format. 
RAN2 assumes that these agreements shall require RAN3 work on inter-node coordination to ensure that the subsequent CPAC configurations for all CPC candidate cells for one UE are provided in only one format.
One may observe that:
· MN format may be used in both, inter-SN and intra-SN S-CPAC;
· SN format may only be used for intra-SN S-CPAC;
Based on the above, it can be assumed that the MN-format is more universal and thus shall be the default method to configure the UE. SN-format is restricted to intra-SN S-CPAC. Since inter-SN S-CPAC may be triggered by both, the MN and the SN, while the intra-SN S-CPAC is SN’s own policy, the decision to allow for the use of the SN format may be done only if it is sure that the MN is not going to use S-CPAC.
Proposal 1-1: The MN-format for S-CPAC configuration shall be considered the default one. If the MN is configured not to use S-CPAC, the MN may indicate to the SN that the latter is free to use SN format, if it wants so.
The method to coordinate usage of the formats is also up to RAN3. It is possible to consider quite dynamic solutions, where both involved nodes negotiate the format to be used, but it is likely not necessary: as discussed above, use of the SN format is permitted only if the MN is not planning to use S-CPAC, and this is a static (or nearly-static) condition. Therefore, it is enough if the MN informs the SN about its configuration only when the DC operation is prepared.
The MN may possibly change the decision and inform the SN about it later, as part of the SN modification procedure, but it shall not be done when the SN initiated S-CPAC. Therefore, once the MN is made aware that intra-SN S-CPAC is started, it shall not change the format policy. This, collaterally, means the SN must always inform the MN about intra-SN S-CPAC.
Proposal 1-2: In the Addition Preparation, the MN explicitly informs the SN if the latter may use SN format. The MN may change the decision using the SN Modification procedure, but only if there is no intra-SN S-CPAC operation configured.
The only issue still to resolve is whether the MN knows about triggered intra-SN S-CPAC. The existing mechanism for CHO-CPAC coordination requires notifying MN about intra-SN conditional reconfigurations, but only if the MN first informs the SN about MN-initiated conditional mobility. Therefore some enhancements may be needed. 
Alternatively, it can be assumed that if the MN indicates change regarding allowed configuration format while there is active intra-SN S-CPAC configured, the SN may reject the request of the change (possibly with a new cause value).
Proposal 1-3: RAN3 to review the existing signalling to verify how the change of the allowed configuration format may be avoided when there is active intra-SN S-CPAC configuration.
2.2	Other requirements
Other requirements derived in RAN2 that are not yet addressed in RAN3 are:
1) The MN shall be enabled in the Addition Preparation procedure to provide each target SN with a list of PSCells proposed for this SN as well as lists of PSCells proposed to other involved SNs.
2) In case an SN does not prepare all proposed PSCells, the MN must be enabled in the MN-initiated Modification procedure to inform other involved SNs about the updated list of prepared PSCells in other SNs.
3) In case an SN is added or released during S-CPAC operation, the MN must be enabled in the MN-initiated Modification procedure to inform other involved SNs about the updated list of prepared PSCells in other SNs.
4) The MN shall be enabled in the Addition Preparation procedure to provide each target SN with a list of SN keys corresponding to the list of SK-counter values delivered to the UE to be used during the S-CPAC operation. The MN shall be able to provide more SN keys to the SN in the MN-initiated Modification procedure in case the previously provided list is exhausted.
At the last RAN3 meeting, a query was added to the Addition Preparation procedure enabling the MN to fetch the reference configuration from any selected SN. However, it is not enough: once fetched, the configuration must be provided to other SNs to be prepared.
5) The MN shall be enabled in the Addition Preparation procedure to provide each target SN with the reference configuration fetched before from one of the SNs. (The Addition Preparation towards the SN that is selected to prepare the reference configuration must be executed first!)
From the data forwarding perspective, once UE changes the SN, the previous (source) SN must prepare new data forwarding tunnels. These must be fetched:
6) When UE changes the SN, if the previous (source) SN stays prepared, the MN must be able to re-prepare that SN and to fetch new data forwarding addresses from the previous (source) SN using the MN-initiated Modification.
If only late data forwarding is applied, the data forwarding addresses of the selected target PSCell must be provided to the last serving SN (assuming SN-terminated bearers). These addresses can be provided for the particular selected target PSCell always after the PSCell change using the existing signalling (Xn-U Address Indication). 
If early data forwarding is to be used, the problem is more complicated because each prepared SN shall know data forwarding addresses of every other prepared SN. This can be achieved with the following options:
· Either the new serving SN (target) is provided with these addresses once the UE accesses the target PSCell;
· Or all involved prepared SNs are informed about others’ data forwarding addresses at the Addition Preparation. 
When a UE changes the SN and the old one stays prepared, its data forwarding addresses may change. If all addresses are distributed in advance, all prepared SNs would need to be updated to know the new forwarding addresses of the source SN. If the new (target) SN is provided with all addresses, this issue is eliminated. What is left though is the question if the data forwarding addresses of other SNs are to be provided in a single (enhanced) Xn-U Address Indication, or several messages.
The overall signalling (RAN3 part) for S-CPAC can be summarised as presented in figure 1.
[image: ]
Figure 1: Simplified (RAN3-relevant) message flow for S-CPAC preparation, the initial and a subsequent execution (assuming the early data forwarding).
Based on the above analysis, following changes are needed in RAN3 signalling (in addition to those already introduced and the CPAC information that can be reused):
The SN ADDITION REQUEST:
· List of proposed PSCells for all other SNs to be prepared;
· Reference configuration (if the existing container can’t be used);
· List of SN keys;
· Information if SN format is allowed;
The SN MODIFICATION REQUEST:
· List of prepared PSCells for all other prepared SNs;
· Information if SN format is allowed;
Proposal 2-1: The Addition Preparation and the MN-initiated Modification procedures are updated as discussed in chapter 2.2.
In case of SN-initiated S-CPAC, the information on all the SNs to prepare and the allowed target PSCells is coming from the source SN. One may note though, that this list is present there already now, for the purpose of “classic” CPAC. Therefore, the only extra information the source SN shall provide is that it intends to start S-CPAC, not “plain” CPAC.
Proposal 2-2: The signalling enabled for SN-initiated CPAC may be vastly reused for the SN-initiated S-CPAC. Only a flag can be added to indicate the source SN intends to initiate S-CPAC.
2.3	Enhancements: partial success for the S-CPAC
At RAN3 #119-bis, also a TP was agreed, where a dummy block for Selective Activation signalling was added to the CPA information. This way, Selective Activation was defined as a special form of the CPA. Based on that, one may consider, it a requested CPA with Selective Activation can be admitted as a “classic” CPA? It seems there is no obstacle: the target SN may simply ignore the part related to the Selective Activation and use only the part included in the CPA part, thus providing the UE with a classic CPA configuration. However, the MN must know what is the response, because, depending on the admission way, it may need to handle other prepared SNs differently.
Proposal 3-1: The target SN shall be allowed to admit a request for Selective Activation Addition as a “classic” CPA. It shall inform the MN about it in the ADD REQ ACK.
2.4	Enhancements: coordination of S-CPAC scenarios
Another problem related to the initiation of the Selective Activation concerns possible co-existence of scenarios. In RAN2 #121 meeting it was also agreed that the following scenarios of SCG selective activation are supported
· SN initiated intra-SN SCG selective activation
· MN initiated inter-SN SCG selective activation
· SN initiated inter-SN SCG selective activation
At RAN2 #121-bise meeting, it was also agreed that there is only one reference configuration. Considering the agreed scenarios and single reference configuration, some coordination is needed when MN initiated inter-SN and SN intra-SN SCG selective activation co-exist. In legacy CPC procedures, those two scenarios proceed orthogonally, i.e., both MN and SN initiates the preparation procedure independently. Since both MN initiated inter-SN and SN initiated intra-SN SCG selective activations are agreed in RAN2, RAN3 should discuss how to handle the coordination between the MN and SN such that one reference configuration can be used for selective activation.
Proposal 4-1: Since both MN initiated inter-SN and SN initiated intra-SN SCG selective activations are agreed in RAN2, RAN3 should discuss how to handle the coordination between the MN and SN such that one reference configuration can be used for selective activation.
At RAN2 #121 meeting, it was agreed that the MN provides the reference configuration to the candidate T-SNs. Considering that there is only one reference configuration (from RAN2 #121 bise agreement) and MN provides that reference configuration to the candidate T-SNs, the MN needs to send the same reference configuration each time it sends the SN addition request for the same UE.
Observation 4-1: There is only one reference configuration (from RAN2 #121 bise agreement) and MN provides that reference configuration to the candidate T-SNs.
Observation 4-2: The MN needs to send the same reference configuration each time it sends the SN addition request for the same UE.
As long as the reference configuration is not changed or updated, providing the same reference configuration causes unnecessary signaling between the MN and the candidate T-SN. To avoid any unnecessary signaling overhead in the Xn interface, the MN should send the reference configuration only if it is provided for the first time, or if it is updated. Otherwise, it should indicate to the candidate T-SN that the previous reference configuration is unchanged. 
Proposal 4-2: To avoid any unnecessary signaling overhead in the Xn interface, the MN should send the reference configuration only if it is provided for the first time, or if it is updated. Otherwise, it should indicate to the candidate T-SN that the previous reference configuration is unchanged.
2.5	Enhancements: delayed path switch
RAN3 has made a decision that data forwarding shall be provided from the serving SN to all other prepared SNs. As part of the decision, it was assumed changes of the SN will not be very frequent, so that signalling needed for each SN change within the prepared set will not cause overload.
This, however, does not mean that some cells may be selected for serving wrongly, thus resulting in short stays. In such a case, the impact of the frequent SN changes and of the switching of the data forwarding anchor may be noticeable. To reduce it, RAN3 may consider if the path switch can be delayed for a short time to make sure the UE stays in the new serving cell stably.
Proposal 5-1: RAN3 shall evaluate if the path switch procedure can be delayed to avoid unnecessary switch of the data forwarding anchor and related signalling.
3	Conclusions
In this paper, we discuss the S-CPAC solution decided in RAN2 and, based on this, we provide requirements for the overall RAN3 part of the solution. 
Regarding the MN vs SN format, we propose:
Proposal 1-1: The MN-format for S-CPAC configuration shall be considered the default one. If the MN is configured not to use S-CPAC, the MN may indicate to the SN that the latter is free to use SN format, if it wants so.
Proposal 1-2: In the Addition Preparation, the MN explicitly informs the SN if the latter may use SN format. The MN may change the decision using the SN Modification procedure, but only if there is no intra-SN S-CPAC operation configured.
Proposal 1-3: RAN3 to review the existing signalling to verify how the change of the allowed configuration format may be avoided when there is active intra-SN S-CPAC configuration.
Then, based on the other decisions made in RAN2 we propose other signalling changes and make a sketch of the overall signalling.
Proposal 2-1: The Addition Preparation and the MN-initiated Modification procedures are updated as discussed in chapter 2.2.
Proposal 2-2: The signalling enabled for SN-initiated CPAC may be vastly reused for the SN-initiated S-CPAC. Only a flag can be added to indicate the source SN intends to initiate S-CPAC.
The TPs implementing the solution are proposed in the Annex 1 below.
Finally, we remind a set of enhancement that can be considered when the complete solution is decided:
Proposal 3-1: The target SN shall be allowed to admit a request for Selective Activation Addition as a “classic” CPA. It shall inform the MN about it in the ADD REQ ACK.
Proposal 4-1: Since both MN initiated inter-SN and SN initiated intra-SN SCG selective activations are agreed in RAN2, RAN3 should discuss how to handle the coordination between the MN and SN such that one reference configuration can be used for selective activation.
Proposal 4-2: To avoid any unnecessary signaling overhead in the Xn interface, the MN should send the reference configuration only if it is provided for the first time, or if it is updated. Otherwise, it should indicate to the candidate T-SN that the previous reference configuration is unchanged.
Proposal 5-1: RAN3 shall evaluate if the path switch procedure can be delayed to avoid unnecessary switch of the data forwarding anchor and related signalling.
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This message is sent by the M-NG-RAN node to the S-NG-RAN node to request the preparation of resources for dual connectivity operation for a specific UE.
Direction: M-NG-RAN node ® S-NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	M-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the M-NG-RAN node
	YES
	reject

	UE Security Capabilities
	M
	
	9.2.3.49
	
	YES
	reject

	////////////// Skip unchanged part /////////////////

	Conditional PSCell Addition Information Request
	O
	
	
	
	YES
	reject

	>Maximum Number of PSCells To Prepare
	M
	
	INTEGER (1..8, ...)

	Indicates the maximum number of PSCells that the target SN may prepare.
	–
	

	>Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	Indicates the arrival probability for the UE towards the candidate target SN.
	–
	

	>Subsequent CPAC Request
	O
	
	9.2.3.xxx
	This information is used for subsequent CPAC. 
	YES
	reject

	>Request for Reference Configuration for S-CPAC
	O
	
	9.2.3.xx1
	
	YES
	ignore

	S-NG-RAN node UE Slice Maximum Bit Rate
	O
	
	UE Slice Maximum Bit Rate List
9.2.3.167
	This IE indicates the S-NG-RAN node portion of the UE Slice Aggregate Maximum Bit Rate as specified in TS 23.501 [7]
	YES
	reject

	F1-terminating IAB-donor Indicator
	O
	
	ENUMERATED (true, ...)
	This IE applies only if the UE is an IAB-MT.
	YES
	reject

	Subsequent CPAC format
	O
	
	ENUMERATED (sn-format-allowed, ...)
	
	
	



	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions. Value is 256



	Condition
	Explanation

	ifSNterminated
	This IE shall be present if there is at least one PDU Session Resource Setup Info – SN terminated in the PDU Session Resources To Be Added List IE.
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This message is sent by the M-NG-RAN node to the S-NG-RAN node to either request the preparation to modify S-NG-RAN node resources for a specific UE, or to query for the current SCG configuration, or to provide the S-RLF-related information to the S-NG-RAN node.
Direction: M-NG-RAN node ® S-NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	M-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID 9.2.3.16
	Allocated at the M-NG-RAN node
	YES
	reject

	S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the S-NG-RAN node
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	ignore

	PDCP Change Indication
	O
	
	9.2.3.74
	
	YES
	ignore

	Selected PLMN
	O
	
	PLMN Identity
9.2.2.4
	The selected PLMN of the SCG in the S-NG-RAN node.
	YES
	ignore

	Mobility Restriction List
	O
	
	9.2.3.53
	
	YES
	ignore

	SCG Configuration Query
	O
	
	9.2.3.27
	
	YES
	ignore

	////////////// Skip unchanged part /////////////////

	CHO Information SN Modification
	O
	
	
	
	YES
	ignore

	>Conditional Reconfiguration
	M
	
	ENUMERATED (intra-MN-CHO, ...)
	
	–
	

	>Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	
	–
	

	SCG Activation Request
	O
	
	9.2.3.154
	
	YES
	ignore

	Conditional PSCell Addition Information Modification Request
	O
	
	
	This IE may be sent to the target SN.
	YES
	ignore

	>Maximum Number of PSCells To Prepare
	O
	
	INTEGER (1..8, ...)

	Indicates the maximum number of PSCells that the target SN may prepare.
	–
	

	>Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	Indicates the arrival probability for the UE towards the candidate target SN.
	–
	

	>Subsequent CPAC Request
	O
	
	9.2.3.xxx
	This information is used for preparation of a subsequent CPAC when DC operation is active. 
	YES
	reject

	>Subsequent CPAC Modification
	O
	
	9.2.3.xx2
	This information is used for modification of subsequent CPAC. 
	YES
	reject

	>Request for Reference Configuration for S-CPAC
	O
	
	9.2.3.xx1
	
	YES
	ignore

	Conditional PSCell Change Information Update
	O
	
	
	This IE may be sent to the source SN.
	YES
	ignore

	>Multiple Target S-NG-RAN Node List
	
	1
	
	
	–
	

	>>Multiple Target S-NG-RAN Node Item
	
	1 .. <maxnoofTargetSNs>
	
	
	–
	

	>>>Target S-NG-RAN node ID
	M
	
	Global NG-RAN Node ID
9.2.2.3
	
	–
	

	>>>Candidate PSCell List
	
	1
	
	
	–
	

	>>>>Candidate PSCell Item
	
	1 .. <maxnoofPSCellCandidate>
	
	
	–
	

	>>>>>PSCell ID
	M
	
	NR CGI 9.2.2.7
	
	–
	

	S-NG-RAN node UE Slice Maximum Bit Rate
	O
	
	UE Slice Maximum Bit Rate List
9.2.3.167
	This IE indicates the S-NG-RAN node portion of the UE Slice Aggregate Maximum Bit Rate as specified in TS 23.501 [7]
	YES
	ignore

	Management Based MDT PLMN Modification List
	O
	
	MDT PLMN Modification List
9.2.3.169
	
	YES
	ignore

	Subsequent CPAC format modification
	O
	
	ENUMERATED (sn-format-allowed, sn-format-not-allowed, ...)
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This message is sent by the S-NG-RAN node to the M-NG-RAN node to trigger the change of the S-NG-RAN node.
Direction: S-NG-RAN node ® M-NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	M-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the M-NG-RAN node
	YES
	reject

	S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the S-NG-RAN node
	YES
	reject

	////////////// Skip unchanged part /////////////////

	Conditional PSCell Change Information Required
	O
	
	
	
	YES
	ignore

	>Multiple Target S-NG-RAN Node List
	
	1
	
	
	–
	

	>>Multiple Target S-NG-RAN Node Item
	
	1 .. <maxnoofTargetSNs>
	
	
	–
	

	>>>Target S-NG-RAN node ID
	M
	
	Global NG-RAN Node ID
9.2.2.3
	
	–
	

	>>>CPC Indicator
	M
	
	ENUMERATED (CPC-initiation, CPC-modification, CPC-cancellation, ...)
	
	–
	

	>>>Maximum Number of PSCells To Prepare
	M
	
	INTEGER (1..8, …)
	Indicates the maximum number of PSCells that the target SN may prepare.
	–
	

	>>>Estimated Arrival Probability
	O
	
	INTEGER (1..100)
	Indicates the arrival probability for the UE towards the candidate target SN.
	–
	

	>>>S-NG-RAN node to M-NG-RAN node Container
	M
	
	OCTET STRING
	Includes the CG-Config message as defined in subclause 11.2.2 of TS 38.331 [10].
	
	

	>Subsequent CPAC Request – SN-initiated
	O
	
	ENUMERATED (request, ...)
	This information is used for subsequent CPAC.
	YES
	reject



	Range bound
	Explanation

	maxnoofPDUsessions
	Maximum no. of PDU sessions. Value is 256

	maxnoofTargetSNs
	Maximum no. of the target S-NG-RAN nodes. Value is 8
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9.2.3.xxx	Subsequent CPAC Request
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Other candidate SNs list
	
	1
	
	

	>Other candidate SNs Item
	
	1 .. <maxnoofTargetSNs>
	
	

	>>Target S-NG-RAN node ID
	M
	
	Global NG-RAN Node ID
9.2.2.3
	

	>>Reference configuration
	M
	
	OCTET STRING
	

	>>Candidate PSCell List
	
	1
	
	

	>>>Candidate PSCell Item
	
	1 .. <maxnoofPSCellCandidate>
	
	

	
	
	
	
	



	Range bound
	Explanation

	maxnoofPSCellCandidate
	Maximum no. of PSCell candidates. Value is 8

	maxnoofTargetSNs
	Maximum no. of the target S-NG-RAN nodes. Value is 8




9.2.3.xx2	Subsequent CPAC Modification
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Other candidate SNs list
	
	1
	
	

	>Other candidate SNs Item
	
	1 .. <maxnoofTargetSNs>
	
	

	>>Target S-NG-RAN node ID
	M
	
	Global NG-RAN Node ID
9.2.2.3
	

	>>Prepared PSCell List
	
	1
	
	

	>>>Prepared PSCell Item
	
	1 .. <maxnoofPSCellCandidate>
	
	



	Range bound
	Explanation

	maxnoofPSCellCandidate
	Maximum no. of PSCell candidates. Value is 8

	maxnoofTargetSNs
	Maximum no. of the target S-NG-RAN nodes. Value is 8



9.2.3.xx1	Request for Reference Configuration for S-CPAC
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Request for Reference Configuration for S-CPAC
	O
	
	ENUMERATED (request, ...)
	



Editor’s Note: FFS details of Request for Reference Configuration for S-CPAC IE.
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