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Introduction
In Rel-17, early data forwarding from the source SN during inter-SN CPC has been limited to only one forwarding address, and thus in case multiple candidate target SNs were involved, only indirect data forwarding via MN was possible (i.e. direct early data forwarding toward multiple candidate target SNs was not possible).  
The last RAN3#116-e meeting has discussed this issue but agreed to defer to the future meeting:
Proposal: Data forwarding for inter-SN CPC is supported by existing solution, i.e., at least by indirect forwarding. The enhancement and further clarification are deferred to future meeting.
This contribution continues to discuss this issue and proposes fixes to enable direct early data forwarding from the source SN when multiple candidate target SNs were involved during inter-SN CPC. 
Discussion
  MN-initiated Inter-SN CPC
In EN-DC and MR-DC with 5GC, during MN-initiated inter-SN CPC, stage-2 descriptions say that MN sends the X2AP DATA FORWARDING ADDRESS INDICATION message or the XnAP Xn-U ADDRESS INDICATION message to the source SN to inform that CPC has been configured and to deliver forwarding addresses for early data forwarding. 
	In Section 10.5.1 of TS 37.340: MN-initiated conditional SN Change
The MN initiated conditional inter-SN change procedure is used for CPC configuration and CPC execution.


Figure 10.5.1-3: Conditional SN Change – MN initiated
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
4a.	Upon receiving the RRCConnectionReconfigurationComplete message from the UE, the MN triggers the Data Forwarding Address Indication procedure to the source SN to inform that the CPC has been configured, the source SN, if applicable, together with the Early Status Transfer procedure, starts early data forwarding. The PDCP SDU forwarding may take place during early data forwarding.
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
In Section 10.5.2 of TS 37.340: MN-initiated conditional SN Change
The Conditional Secondary Node Change procedure is initiated by the MN for CPC configuration and CPC execution.


Figure 10.5.2-3: Conditional SN change procedure - MN initiated
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
4a.	Upon receiving the MN RRCReconfigurationComplete message from the UE, the MN informs the source SN that the CPC has been configured via Xn-U Address Indication procedure, the source SN, if applicable, together with the Early Status Transfer procedure, starts early data forwarding. The PDCP SDU forwarding may take place during early data forwarding.
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////


In fact, these 4a steps exactly followed what we have done for MN to eNB/gNB change (by CHO) scenarios during Rel-16, where the same messages were used to inform CHO to the source SN and to deliver forwarding addresses for early data forwarding from the source SN. In case multiple candidate targets are prepared during CHO, we agreed to invoke separate messages each for each candidate target:
	[bookmark: _Toc29248373][bookmark: _Toc37200960][bookmark: _Toc46492826][bookmark: _Toc52568352][bookmark: _Toc109124632]10.8	Master Node to eNB/gNB Change
[bookmark: _Toc29248374][bookmark: _Toc37200961][bookmark: _Toc46492827][bookmark: _Toc52568353][bookmark: _Toc109124633]10.8.1	EN-DC
The Master Node to eNB Change procedure is used to transfer context data from a source MN/SN to a target eNB.


Figure 10.8.1-1: Master Node to eNB Change procedure
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
NOTE 1b:	In case the handover is a conditional handover, the Data Forwarding Address Indication procedure is executed right after step 2. This Data Forwarding Address Indication procedure notifies conditional handover to the source SN, for which it 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. Separate Data Forwarding Address Indication procedures may be invoked 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 destination. The Data Forwarding Address Indication procedure may further be invoked 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. If applicable, the normal data forwarding and SN STATUS TRANSFER message would follow from the source SN once it receives the SgNB Release Request message of the step 3a that is performed after step 6.
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
[bookmark: _Toc29248375][bookmark: _Toc37200962][bookmark: _Toc46492828][bookmark: _Toc52568354][bookmark: _Toc109124634]10.8.2	MR-DC with 5GC
The MN to ng-eNB/gNB Change procedure is used to transfer UE context data from a source MN/SN to a target ng-eNB/gNB. Both the cases where the source MN and the target node belong to the same RAT (i.e. they are both ng-eNBs or both gNBs) and the cases where the source MN and the target node belong to different RATs are supported.
NOTE 0:	Inter-system HO from ng-eNB/gNB MN to eNB is also supported.


Figure 10.8.2-1: MN to ng-eNB/gNB Change procedure
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
NOTE 1b:	In case the handover is a conditional handover, the step 3c is executed right after step 2. The Xn-U Address Indication message notifies conditional handover to the source SN, for which it 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. Separate Xn-U Address Indication procedures may be invoked 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 destination. The Xn-U Address Indication procedure may further be invoked 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. If applicable, the normal data forwarding and SN STATUS TRANSFER message would follow from the source SN once it receives the SN Release Request message of the step 3a that is performed after step 6. In case the step 3c Xn-U Address Indication procedure corresponding to the conditional handover that the UE successfully accessed was rejected by the source SN, the source MN re-sends it after the step 3b that is performed after step 6.
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////


In that, the same messages are also used to stop already initiated early data forwarding due to the modification or cancellation of the prepared CHOs. 
Since we followed what we have done for MN to eNB/gNB change (by CHO) scenarios during Rel-16, in the X2AP DATA FORWARDING ADDRESS INDICATION message and the XnAP Xn-U ADDRESS INDICATION message, we have adopted the new IE "CPC Data Forwarding Indicator" also similarly for what we have defined for MN to eNB/gNB change (by CHO) scenarios.
From the X2AP DATA FORWARDING ADDRESS INDICATION message
	CHO DC Indicator
	O
	
	ENUMERATED (true, ...)
	Indicating that the DATA FORWARDING ADDRESS INDICATION message is for a Conditional Handover.
	YES
	reject

	CHO DC Early Data Forwarding Indicator
	O
	
	ENUMERATED (stop, ...)
	
	YES
	ignore

	SgNB UE X2AP ID
	O
	
	en-gNB UE X2AP ID
9.2.100
	Allocated for EN-DC at the en-gNB.
	YES
	ignore

	CPC Data Forwarding Indicator
	O
	
	ENUMERATED (triggered, early data transmission stop, ...)
	Indicates that the DATA FORWARDING ADDRESS INDICATION message is for a Conditional PSCell Change.
	YES
	reject


From the XnAP Xn-U ADDRESS INDICATION message:
	CHO MR-DC Indicator
	O
	
	ENUMERATED (true, ...)
	Indicating that the XN-U ADDRESS INDICATION message is for Conditional Handover, as specified in TS 37.340 [8].
	YES
	reject

	CHO MR-DC Early Data Forwarding Indicator
	O
	
	ENUMERATED (stop, ...)
	
	YES
	ignore

	CPC Data Forwarding indicator
	O
	
	ENUMERATED (triggered, early data transmission stop, ...)
	Indicating that the XN-U ADDRESS INDICATION message is for a Conditional PSCell Change.
	YES
	reject


However, somehow this was not properly reflected onto stage-2 descriptions for MN-initiated inter-SN CPC. As a result, even if we have followed the exact same mechanisms of MN to eNB/gNB change (by CHO) scenarios during Rel-16 for Rel-17 MN-initiated inter-SN CPC with respect to early data forwarding of the source SN, one may wrongly think that, during Rel-17 MN-initiated inter-SN CPC, only "one" X2AP DATA FORWARDING ADDRESS INDICATION message or XnAP Xn-U ADDRESS INDICATION message is invoked for early data forwarding from the source SN and thus direct data forwarding is not supported when multiple target candidate SNs are involved. 
Proposal 1: For Rel-17 MN-initiated inter-SN CPC that followed the exact same mechanisms of Rel-16 MN to eNB/gNB change (by CHO) scenarios with respect to early data forwarding from the source SN, RAN3 to fix and align stage-2 descriptions of MN-initiated inter-SN CPC to avoid unnecessary confusion that only "one" X2AP DATA FORWARDING ADDRESS INDICATION message or XnAP Xn-U ADDRESS INDICATION message is invoked for early data forwarding from the source SN and thus direct early data forwarding is not supported when multiple target candidate SNs are involved.  
  SN-initiated Inter-SN CPC
In EN-DC and MR-DC with 5GC, during SN-initiated inter-SN CPC, stage-2 descriptions say that MN sends SN CHANGE CONFIRM message to the source SN including a list of candidate target SN IDs as well as a list of data forwarding addresses:
	In Section 10.5.1 of TS 37.340: SN initiated conditional SN Change
The SN initiated conditional SN change procedure is used for CPC configuration and CPC execution.
The SN initiated conditional SN change procedure may also be initiated by the source SN, to modify the existing SN-initiated CPC configuration, or to trigger the release of the candidate SN by cancellation of all the prepared PSCells at the candidate SN and releasing the CPC related UE context at the candidate SN.


Figure 10.5.1-4: Conditional SN Change – SN initiated
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
8.	If an NR RRC response message is included, the MN informs the source SN with the NR RRCReconfigurationComplete*** message via SgNB Change Confirm message. If step 4 and 5 are skipped, the MN will indicate the candidate PSCells accepted by the candidate SN(s) to the source SN in the SgNB Change Confirm message.
The MN sends the SgNB Change Confirm message towards the source SN to indicate that CPC is prepared, and in such case the source SN continues providing user data to the UE. If early data forwarding is applied, the MN informs the source SN the data forwarding addresses as received from the candidate SN, the source SN, if applicable, together with the Early Status Transfer procedure, starts early data forwarding. The PDCP SDU forwarding may take place during early data forwarding. In case multiple candidate SNs are prepared, the MN includes a list of Target SgNB ID and list of data forwarding addresses to the source SN.

//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
In Section 10.5.2 of TS 37.340: SN initiated conditional SN change
The SN initiated conditional SN change procedure is used for CPC configuration and CPC execution.
The SN initiated conditional SN change procedure may also be initiated by the candidate SN, to modify the existing CPC configuration, or to trigger the release of the candidate SN by cancellation of all the prepared PSCells at the candidate SN and releasing the CPC related UE context at the candidate SN.


Figure 10.5.2-4: Conditional SN change procedure - SN initiated
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////
8.	If an SN RRC response message is included, the MN informs the source SN with the SN RRCReconfigurationComplete*** message via SN Change Confirm message. If step 4 and 5 are skipped, the MN will indicate the candidate PSCells accepted by the candidate SN(s) to the source SN in the SN Change Confirm message.
The MN sends the SN Change Confirm message towards the source SN to indicate that CPC is prepared, and in such case the source SN continues providing user data to the UE. If early data forwarding is applied, the MN informs the source SN the data forwarding addresses as received from the candidate SN, the source SN, if applicable, together with the Early Status Transfer procedure, starts early data forwarding. The PDCP SDU forwarding may take place during early data forwarding. In case multiple candidate SNs are prepared, the MN includes a list of Target SN ID and list of data forwarding addresses to the source SN.
//////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////


The intention was to make MN toss DL forwarding addresses (for early data forwarding purpose) to the source SN only after CPC configurations has been successfully configured to the UE, so that early data forwarding from the source SN (if any) won't happen before CPC is successfully configured to the UE. 
However, looking at TS 36.423 and TS 38.423, the list of candidate target SN IDs (each with the corresponding candidate PSCell IDs) is tossed to the source SN via SN CHANGE CONFIRM message, but there is no mechanism to provide data forwarding addresses of "multiple" candidate target SNs via SN CHANGE CONFIRM message:
·  In X2AP, SgNB CHANGE CONFIRM contains the E-RABs to be Release List IE (optional), but it only provides forwarding addresses (per E-RAB) from one target SN and doesn't provide any context on which target SN these forwarding addresses are for. And abusing or extending the E-RABs to be Release List IE doesn't look suitable for the purpose of early data forwarding in SN-initiated inter-SN CPC because the source SN should continue providing data to the UE. 
·  In XnAP, SN CHANGE CONFIRM contains the PDU Session SN Change Confirm List IE (optional), but again it only provides forwarding addresses (per PDU session) from one target SN which doesn't provide any context on which target SN these forwarded addresses are for. And the 9.2.1.19 PDU Session Resource Change Confirm Info – SN terminated IE contains only one Data Forwarding Info from target NG-RAN node IE, so it doesn't support data forwarding toward a split PDU session between MN and the target SN. 
Note that, in the legacy SN-initiated SN change procedures (i.e. without CPC), the SN CHANGE CONFIRM messages has been the very message that provides the target SN's DL or UL data forwarding addresses. We understand that Rel-17 CPAC tried to follow this principle, but the job was not done properly, leaving Rel-17 CPAC only supported by indirect early data forwarding from the source SN. 
In order to support direct early data forwarding in SN-initiated inter-SN CPC when multiple candidate target SNs are involved, two options can be considered
·  Option 1:  Fix the SN CHANGE CONFIRM messages to be able to toss DL forwarding addresses of "multiple" candidate target SNs (changes limited to stage-3)
·  Option 2:  Use the existing DL DATA FORWRADING ADDRESS INDICATION and Xn-U ADDRESS INDICATION messages as much as possible (i.e. invoked separately for each target), similarly as we did for Rel-16 MN to eNB/gNB change (by CHO) scenarios and Rel-17 MN-initiated inter-SN CPC (changes required for both stage-2 and stage-3) 
Both options are feasible, but we think Option 2 should be adopted (though it incurs changes onto both stage-2 and stage-3), because Option 2 is aligned with what we have done for CHO/CPAC. One may think that Option 1 is efficient because MN can provide everything by one shot by a single SN CHANGE CONFIRM message (like we did during the legacy SN-initiated SN Change). But for CHO/CPAC (see 10.9 MN to eNG/gNB Change as well as MN-initiated inter-SN CPC in 10.5), for early data forwarding from the source SN, we have relied on Option 2. Even if we go with Option 1, after SN-initiated inter-SN CPC is triggered (i.e. the source SN received DL forwarding addresses of multiple candidate target SNs via SN CHANGE CONFIRM), MN may need to stop early data forwarding for a target SN in the middle (before the UE executes CPAC) which is not possible by Option 1, but for this mechanism we have relied on Option 2. 
Moreover, Option 2 incurs less stage-3 changes. For Option 1, adding a list of list is inevitable (DL forwarding TNL per E-RAB/PDU session; then per each target SN). But for Option 2, the existing messages already handles the first list (DL forwarding TNL per E-RAB/PDU session), which in 5GC also works like a charm even for early data forwarding toward a split PDU session between MN and the candidate target SN, and they can be invoked separately for each candidate target SN. We just need to include the (optional) target SN ID onto the existing DL DATA FORWRADING ADDRESS INDICATION and Xn-U ADDRESS INDICATION messages. 
Therefore, for SN-initiated inter-SN CPC, we proposed to fix by Option 2. 
Proposal 2: For Rel-17 SN-initiated inter-SN CPC, RAN3 to fix the issue of SN CHANGE CONFIRM messages (both in EN-DC and MR-DC with 5GC) and early data forwarding from the source SN when multiple candidate target SNs are involved, by re-using the existing DL DATA FORWRADING ADDRESS INDICATION and Xn-U ADDRESS INDICATION messages as much as possible, similarly as we did for Rel-16 MN to eNB/gNB change (by CHO) scenarios and Rel-17 MN-initiated inter-SN CPC.  
Proposal 3: Enhance the X2AP DL DATA FORWRADING ADDRESS INDICATION and XnAP Xn-U ADDRESS INDICATION messages to include the (optional) target SN ID. 
Conclusion
Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: For Rel-17 MN-initiated inter-SN CPC that followed the exact same mechanisms of Rel-16 MN to eNB/gNB change (by CHO) scenarios with respect to early data forwarding from the source SN, RAN3 to fix and align stage-2 descriptions of MN-initiated inter-SN CPC to avoid unnecessary confusion that only "one" X2AP DATA FORWARDING ADDRESS INDICATION message or XnAP Xn-U ADDRESS INDICATION message is invoked for early data forwarding from the source SN and thus direct early data forwarding is not supported when multiple target candidate SNs are involved.  
Proposal 2: For Rel-17 SN-initiated inter-SN CPC, RAN3 to fix the issue of SN CHANGE CONFIRM messages (both in EN-DC and MR-DC with 5GC) and early data forwarding from the source SN when multiple candidate target SNs are involved, by re-using the existing DL DATA FORWRADING ADDRESS INDICATION and Xn-U ADDRESS INDICATION messages as much as possible, similarly as we did for Rel-16 MN to eNB/gNB change (by CHO) scenarios and Rel-17 MN-initiated inter-SN CPC.  
Proposal 3: Enhance the X2AP DL DATA FORWRADING ADDRESS INDICATION and XnAP Xn-U ADDRESS INDICATION messages to include the (optional) target SN ID. 
The corresponding CRs for stage-2 TS 37.340 and stage-3 X2AP, and XnAP can be found in [1], [2], and [3], respectively.  
Reference
[1] R3-224779, "Stage-2 Completion of Direct Early Data Forwarding support from source SN during Inter-SN CPC when multiple candidate target SNs are involved", Intel Corporation
[2] R3-224780, "X2AP Completion of Direct Early Data Forwarding support from source SN during SN-initiated Inter-SN CPC when multiple candidate target SNs are involved", Intel Corporation
[3] R3-224781, "XnAP Completion of Direct Early Data Forwarding support from source SN during SN-initiated Inter-SN CPC when multiple candidate target SNs are involved", Intel Corporation
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