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1. Introduction
In this contributions, we try to discuss several unclear issues on early data forwarding as follows:

1) The stop of early data forwarding. Specifically, the proper procedure for EN-DC and MR-DC with 5GC cases should be provided to inform the source SN to stop early data forwarding to T-SNs.
2) Whether to support direct data forwarding from source SN to multiple T-SNs in MN/SN initiated inter-SN CPC.
3) The discard of Early Data Forwarding of PDCP PDU.
Besides the issues listed above, we also discuss some other issues for CPAC in this paper.

2. Discussion
2.1 Early Data Forwarding related issues

2.1.1 The Stop of Early Data Forwarding
In RAN3#114bis-e meeting, the following points were clarified in the agreed TP R3-220298/R3-220336/R3-220152:

· In case of CPC executed, MN initiates SN Release procedure towards the source SN procedure to inform the source SN to stop providing user data to the UE, and for EN-DC, provides data forwarding address.

· In case of CPC executed, for MR-DC with 5GC, the the data forwarding address is provided via Xn-U Address Indication procedure.

· In case of CPC executed, there is no need to indicate CPC executed indication in both X2AP: DATA FORWARDING ADDRESS INDICATION and XnAP: Xn-U ADDRESS INDICATION message.

In current call flow for MN initiated inter-SN CPC, SN Release procedure is used in both EN-DC and MR-DC with 5GC cases to inform Source SN of stopping early data forwarding and providing data to UE. 
· In EN-DC, the MN initiated SN release procedure provides the Release cause, data forwarding addresses for the E-RABs to be Released. 

· In MR-DC with 5GC, the SN Release Request provides the release Cause, data forwarding proposal for the QoS flows within the PDU Sessions to be Released, and the SN Release Request Ack provides the QoS flow to DRB mapping for SN terminated bearers. And then the MN provides the “late” data forwarding address via Xn-U Address Indication.

In summary, for both MN initiated CPC and SN initiated CPC, the CPC execution is informed from the MN to the source SN by triggering the SN release procedure, and upon receiving the SN release request by the source SN, it is straightforward for the source SN to stop early data forwarding. Note that in EN-DC case, there is no need to have a data forwarding address procedure at that time.

It is noticed that, in both the X2AP: DATA FORWARDING ADDRESS INDICATION message and the XnAP: XN-U ADDRESS INDICATION message, currently there is a code point named as “early data transmission stop” in the CPC Data Forwarding indicator IE, but it is unclear in which scenario it should be used, it is preferred to remove it.

Proposal 1: As CPC execution is informed from MN to the source SN via SN release procedure, the source SN stops early data forwarding upon receiving the SN release request.

Proposal 1-1: Remove the code point of “early data transmission stop” in the CPC Data Forwarding indicator IE in the the X2AP: DATA FORWARDING ADDRESS INDICATION message and the XnAP: XN-U ADDRESS INDICATION message.
2.1.2 Supporting of Direct Early Data Forwarding from source SN to multiple T-SNs
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Figure 1 Multiple T-SN preparation in SN initiated inter-SN CPC
In SN Change Confirm message, it is noticed that only one data forwarding address is currently provided to the source SN, which means in case of multiple T-SN preparation, currently only indirect data forwarding is supported in stage3 specifications. 

But in TS 37.340, it is said that “In case multiple Target SNs are prepared, the MN includes a list of Target SgNB ID and list of data forwarding addresses to the source SN.”, which means in case of multiple T-SN preparation, direct data forwarding could be supported in stage2 specification.

If case RAN3 decides to not support direct data forwarding, stage2 update is foreseen, in case RAN3 decides to support direct data forwarding, stage3 update is foreseen.

Proposal 2: Discuss whether direct data forwarding between sources SN to target SNs are supported or not in case of multiple T-SNs.

Proposal 2-1: In case only indirect data forwarding is supported, i.e. MN distributes the forwarding data to different T-SNs, it is needed to update stage2 specification to clarify.

Proposal 2-2: In case direct data forwarding is supported, it is needed to introduce an Additional List of PDU Session Resource Change Confirm Info – SN terminated IE in the SN Change Confirm message, to carry multiple data forwarding address for multiple T-SNs. Besides, the existing PDU Session Resource Change Confirm Info – SN terminated IE is ignored if this new IE is present.
2.1.3  The Discard of Early Data Forwarding of PDCP PDU

Two options for PDCP PDU forwarding were listed as below:
· Option 1: user plane solution, i.e. reuse the DL USER DATA frame

· Option 2: control plane solution, i.e. the early status transfer message

In option 1, the current DL USER DATA frame can indicate the all NR PDCP PDUs up to and including a defined DL discard NR PDCP PDU SN to discard one or a number of blocks of downlink NR PDCP PDUs. Therefore it is only needed to add some descriptions in TS 38.425.

In option 2, the early data forwarding of several DRBs will be performed in CPAC. For some DRBs, the PDCP PDUs are forwarded. For some other DRBs, the PDCP SDUs are forwarded. Therefore option 2 can use the unified message to inform the discarding of all these forwarded DL data. But in MR-DC, the early status transfer message will first be sent to the CU-CP of the corresponding node, then the CU-CP of the corresponding node need forward the message to the DU. Currently there is no early status transfer message in F1AP. In this solution it is needed to introduce the Early Status Transfer procedure over F1 interface. 
Based on previous discussion, we see lack of support to introduce new message over F1AP. Considering of the WI progress, we would like to reuse existing solution as much as possible, i.e. adopt option 1 by reusing the DL USER DATA frame defined in TS 38.425.

Proposal 3: Use user plane solution, i.e., reuse the DL USER DATA frame, to discard one or a number of blocks of downlink NR PDCP PDUs received via early data forwarding.
2.2 Other issues for CPAC
2.2.1 How the T-SN to cancel some of the prepared PSCells?

The previous agreement shows that the Target SN can cancel some of the prepared PSCells using SN initiated SN modification procedure:
In CPA and MN/SN initiated inter-SN CPC, target SN can:

Update/modify previous CPAC configurations provided in CPAC addition using SN initiated SN modification procedure 

Add prepared PSCells within the limit given by the MN or source SN using SN initiated SN modification procedure

Cancel some of the prepared PSCells using SN initiated SN modification procedure. 

Cancel all prepared PSCells using SN initiated SN release procedure 

But currently in XnAP and X2AP specifications, there is no explicit IE to enable the T-SN to cancel some of the prepared PSCells, only the following list of PSCells were introduced:
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Proposal 4: To enable the T-SN using the SN initiated SN modification procedure to cancel some of the prepared PSCells, it is needed to add clarification that the absence of a previously prepared PSCell in the list of PSCells indicates the cancellation of the PSCell.
2.2.2 CPA or CPC or CPAC in SN Modification Required and SN Change Required?
It is noticed that the SN initiated SN Modification applies to both CPA and CPC, but currently, the IE introduced in the message XnAP: S-NODE MODIFICATION REQUIRED and X2AP: SGNB MODIFICATION REQUIRED messages is named as “Conditional PSCell Addition Information Required” (CPAInformationModRequired/ CPAinformation-REQD in XnAP/X2AP asn.1), it is needed to update it to CPAC Information Required (CPACInformationModRequired/ CPACinformation-REQD in XnAP/X2AP asn.1).
Proposal 5: update the Conditional PSCell Addition Information Required IE (CPAInformationModRequired/ CPAinformation-REQD in XnAP/X2AP asn.1) in XnAP: S-NODE MODIFICATION REQUIRED and X2AP: SGNB MODIFICATION REQUIRED messages to CPAC Information Required IE (CPACInformationModRequired/ CPACinformation-REQD in XnAP/X2AP asn.1).
On the other hand, the SN Change Required procedure is only applicable for CPC, not applicable for CPA, but currently there is a CPAC indicator included in the message, as the indicator is only used in the SN Change Required, it is better to rename the CPAC indicator IE to “CPC indicator”, and update the code points accordingly.
Proposal 6: update the CPAC Indicator IE in the SN Change Required to CPC Indicator IE, and update the code points accordingly.
3. Conclusion
Based on the discussion in this paper, we propose the following:
Proposal 1: As CPC execution is informed from MN to the source SN via SN release procedure, the source SN stops early data forwarding upon receiving the SN release request.

Proposal 1-1: Remove the code point of “early data transmission stop” in the CPC Data Forwarding indicator IE in the the X2AP: DATA FORWARDING ADDRESS INDICATION message and the XnAP: XN-U ADDRESS INDICATION message.
Proposal 2: Discuss whether direct data forwarding between sources SN to target SNs are supported or not in case of multiple T-SNs.

Proposal 2-1: In case only indirect data forwarding is supported, i.e. MN distributes the forwarding data to different T-SNs, it is needed to update stage2 specification to clarify.

Proposal 2-2: In case direct data forwarding is supported, it is needed to introduce an Additional List of PDU Session Resource Change Confirm Info – SN terminated IE in the SN Change Confirm message, to carry multiple data forwarding address for multiple T-SNs. Besides, the existing PDU Session Resource Change Confirm Info – SN terminated IE is ignored if this new IE is present.
Proposal 3: Use user plane solution, i.e., reuse the DL USER DATA frame, to discard one or a number of blocks of downlink NR PDCP PDUs received via early data forwarding.
Proposal 4: To enable the T-SN using the SN initiated SN modification procedure to cancel some of the prepared PSCells, it is needed to add clarification that the absence of a previously prepared PSCell in the list of PSCells indicates the cancellation of the PSCell.
Proposal 5: update the Conditional PSCell Addition Information Required IE (CPAInformationModRequired/ CPAinformation-REQD in XnAP/X2AP asn.1) in XnAP: S-NODE MODIFICATION REQUIRED and X2AP: SGNB MODIFICATION REQUIRED messages to CPAC Information Required IE (CPACInformationModRequired/ CPACinformation-REQD in XnAP/X2AP asn.1).
Proposal 6: update the CPAC Indicator IE in the SN Change Required to CPC Indicator IE, and update the code points accordingly.
A set of CRs are provided in [2] [3] [4] and [5], to capture proposal 1, 1-1, 2-1, 4, 5 and 6. 

Note that in case Proposal 2-2 is adopted by RAN3 instead of Proposal 2-1, the CRs need to be revised.
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