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Introduction
The last RAN3-106 agreed to allow early data forwarding for CHO. As a result, the source is allowed to initiate data forwarding to a candidate target node before the UE executes the CHO, i.e. before knowing which target cell the UE successfully accessed to. Moreover, how we support early data forwarding for CHO was agreed to follow the same way as downlink PDCP SDUs forwarding in DAPS HO.

Based on this progress, we address necessary changes to make the early forwarding work for DAPS/CHO. 
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Discussion

Firstly, we had been abusing the SN STATUS TRANSFER message to support early forwarding for DAPS HO. Thanks to Kris, a novel approach was discussed in the last meeting which is to introduce a new class-2 message exclusively for this purpose while keeping the legacy message intact. The “Early Forwarding Transfer” message was incorporated into BL CRs with FFS.

As a rapporteur for all the stage-2 BL CRs, we strongly recommend going with this “Early Forwarding Transfer”, which is focused and much easier to describe the DAPS HO in the existing HO C-plane handling.

Proposal 1: Adopt a new class-2 “Early Forwarding Transfer” message. Remove FFS. 
The EARLY FORWARDING TRANSFER message transfers the information to be used by the target, i.e. the DL COUNT of the first forwarded PDCP SDU or the DL COUNT to discard the already forwarded PDCP SDUs. 

In CP-UP separation, downlink PDCP SDUs are forwarded to the target CU-UP. The information transferred on the EARLY FORWARDING TRANSFER message has to be forwarded to the target CU-UP. In case the source is also CP-UP separated, such information has to be retrieved from the source CU-UP.

Proposal 2: Enhance E1AP Bearer Context Modification procedure to retrieve/provide information for the EARLY FORWARDING TRANSFER message with the source/target CU-UPs.

In case of CHO, if early data forwarding is applied (i.e. forwarding before the UE executes the CHO), then the same EARLY FORWARDING TRANSFER message will be used.
During CHO preparation, candidate cells under the same target node may be served by different CU-UPs, e.g. in the scenario of CU-CP centralized and CU-UP distributed in TR 38.806 [1]:
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Figure 6.2.4-1 in TR 38.806 [1]: CU-CP centralize and CU-UP distributed

This means that forwarding TNL address given to the source could be different for different cells, even if their admission results are identical. 

If the early data forwarding is applied for more than one of those candidate cells, then even for the same DRB admitted, the source has to forward downlink PDCP SDUs over different GTP-U tunnels. The information required on the EARLY FORWARDING TRANSFER message could be different for those cells.
In this case, the EARLY FORWARDING TRANSFER message should be able to be distinguished by the associated candidate cell. The target CU-CP cannot distinguish which EARLY FORWARDING TRANSFER message to which cell because the same X2/XnAP UE AP IDs are used. The target CU-CP cannot forward the right information to the right CU-UP.
Proposal 3: For CHO, enhance Early Forwarding Transfer that can be distinguished by the associated candidate cell.

Please keep in mind that, for CHO, we don’t need to enhance the existing SN STATUS TRANSFER message to include the associated candidate cell. This is because that, in CHO, regardless of early or late data forwarding applied, the SN STATUS TRANSFER happens only after the source knows which target cell the UE successfully accessed by the HO SUCCESS message. This is thanks to the introduction of new class-2 message!! 
Proposal 4: For CHO, no need to enhance the SN STATUS TRANFER to include the associated candidate cell. Regardless of early or late data forwarding applied, the SN STATUS TRANSFER happens only after the source knows which target cell the UE successfully accessed by the HO SUCCESS message.
The corresponding TP for X2AP is tried in Section 5. The TPs for XnAP and E1AP can be found in [2] and [3], respectively. 

Together with the above proposals, it is better to align the current stage-2 texts as much as possible. The TP for 38.401 is also tried in [4].  

3

Conclusion

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: Adopt a new class-2 “Early Forwarding Transfer” message. Remove FFS. 
Proposal 2: Enhance E1AP Bearer Context Modification procedure to retrieve/provide information for the EARLY FORWARDING TRANSFER message with the source/target CU-UPs.

Proposal 3: For CHO, enhance Early Forwarding Transfer that can be distinguished by the associated candidate cells.

Proposal 4: For CHO, no need to enhance the SN STATUS TRANFER to include the associated candidate cell. Regardless of early or late data forwarding applied, the SN STATUS TRANSFER happens only after the source knows which target cell the UE successfully accessed by the HO SUCCESS message.

The corresponding TP for X2AP is tried in Section 5. The TPs for XnAP and E1AP can be found in [2] and [3], respectively. 
Together with the above proposals, it is better to align the current stage-2 texts as much as possible. The TP for 38.401 is also tried in [4].  
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TP for BL CR for TS 36.423

//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
8.2.Z
Early Forwarding Transfer
8.2.Z.1
General

The purpose of the Early Forwarding Transfer procedure is to transfer the COUNT of the first downlink SDU that the source eNB forwards to the target eNB or the COUNT for discarding of already forwarded donwlink SDUs for respective E-RAB during DAPS Handover or Conditional Handover.

The procedure uses UE-associated signalling.

8.2.Z.2
Successful Operation
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Figure 8.2.Z.2-1: Early Forwarding Transfer during DAPS Handover or Conditional Handover, successful operation

The E-RABs Subject To Early Forwarding Transfe List IE included in the EARLY FORWARDING TRANSFER message contains the E-RAB ID(s) corresponding to the E-RAB(s) subject to be simulatensouly served by the source and the target eNBs during DAPS Handover or the E-RAB(s) transferred during Conditional Handover.

For each E-RAB for which the FIRST DL COUNT Value IE is received in the EARLY FORWARDING TRANSFER message, the target eNB shall use it as the COUNT of the first downlink SDU that the source eNB forwards to the target eNB. If the FIRST DL COUNT Value Extended IE or FIRST DL COUNT Value for PDCP SN Length 18 IE is included in the E-RABs Subject To Early Forwarding Transfer Item IE, the target eNB shall, if supported, use this value instead of the value contained in the FIRST DL COUNT Value IE.

For each E-RAB for which the DISCARD DL COUNT Value IE is received in the EARLY FORWARDING TRANSFER message, the target eNB does not transmit forwarded downlink SDUs to the UE whose COUNT is less than the provided and discards them if transmission has not been attempted. If the DISCARD DL COUNT Value Extended IE or DISCARD DL COUNT Value for PDCP SN Length 18 IE is included in the E-RABs Subject To Early Forwarding Transfer Item IE, the target eNB shall, if supported, use this value instead of the value contained in the DISCARD DL COUNT Value IE.
If the Target Cell ID IE is included in the EARLY FORWARDING TRANSFER message, the target eNB shall consider that the information included in this message is for the conditional handover associated with that cell.
8.2.Z.3
Abnormal Conditions

If the target eNB receives this message for a UE for which no prepared DAPS Handover or Conditional Handover exists at the target eNB, the target eNB shall ignore the message.

//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
9.1.1
Messages for Basic Mobility Procedures
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
9.1.1.Z
EARLY FORWARDING TRANSFER
This message is sent by the source eNB to the target eNB to transfer the COUNT value related to the forwarded downlink SDUs during DAPS Handover or Conditional Handover.

Direction: source eNB ( target eNB (DAPS Handover or Conditional Handover).

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Old eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated for DAPS handover or Conditional handover at the source eNB
	YES
	reject

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated for DAPS handover or Conditional handover at the target eNB
	YES
	reject

	Old eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated for DAPS handover or Conditional handover at the source eNB
	YES
	reject

	New eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated for DAPS handover or Conditional handover at the target eNB
	YES
	reject

	CHOICE Procedure Stage
	M
	
	
	
	YES
	reject

	>First DL COUNT
	
	
	
	
	
	

	>>E-RABs Subject To Early Forwarding Transfer List
	
	1 .. <maxnoofBearers>
	
	
	EACH
	ignore

	>>>E-RABs Subject To Early Forwarding Transfer Item
	
	
	
	
	
	

	>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	

	>>>>FIRST DL COUNT Value
	M
	
	COUNT Value

9.2.15
	PDCP-SN and Hyper frame number of the first DL SDU that the source eNB/MeNB forwards to the target eNB/en-gNB in case of 12 bit long PDCP-SN
	
	

	>>>>FIRST DL COUNT Value Extended
	O
	
	COUNT Value Extended 9.2.66
	PDCP-SN and Hyper frame number of the first DL SDU that the source eNB/MeNB forwards to the target eNB/en-gNB in case of 15 bit long PDCP-SN
	YES
	ignore

	>>>>FIRST DL COUNT Value for PDCP SN Length 18
	O
	
	COUNT Value for PDCP SN Length 18

9.2.82
	PDCP-SN and Hyper frame number of the first DL SDU that the source eNB/MeNB forwards to the target eNB/en-gNB in case of 18 bit long PDCP-SN
	YES
	ignore

	>DL Discarding
	
	
	
	
	
	

	>>E-RABs Subject To DL Discarding List
	M
	1
	
	
	–
	

	>>>E-RABs Subject To DL Discarding Item
	
	1 .. <maxnoofBearers>
	
	
	
	

	>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	

	>>>>DISCARD DL COUNT Value
	M
	
	COUNT Value

9.2.15
	PDCP-SN and Hyper frame number for which the target eNB/en-gNB should discard forwarded DL SDUs associated with lower values in case of 12 bit long PDCP-SN
	
	

	>>>>DISCARD DL COUNT Value Extended
	O
	
	COUNT Value Extended 9.2.66
	PDCP-SN and Hyper frame number for which the target eNB/en-gNB should discard forwarded DL SDUs associated with lower values in case of 15 bit long PDCP-SN
	YES
	ignore

	>>>>DISCARD DL COUNT Value for PDCP SN Length 18
	O
	
	COUNT Value for PDCP SN Length 18

9.2.82
	PDCP-SN and Hyper frame number for which the target eNB/en-gNB should discard forwarded DL SDUs associated with lower values in case of 18 bit long PDCP-SN
	YES
	ignore

	Target Cell ID
	O
	
	ECGI

9.2.14
	In case of Conditional Handover, target cell ID indicated in the corresponding Handover Preparation procedure
	YES
	reject


	Range bound
	Explanation

	maxnoofBearers
	Maximum no. of E-RABs. Value is 256.


///////////////////////////////////////////////////////////////////////////skip unchanged///////////////////////////////////////////////////////////////////////////
-- **************************************************************

--

-- EARLY FORWARDING TRANSFER
--

-- **************************************************************

EarlyForwardingTransfer ::= SEQUENCE {


protocolIEs


ProtocolIE-Container
{{ EarlyForwardingTransfer-IEs}},


...

}

EarlyForwardingTransfer-IEs X2AP-PROTOCOL-IES ::= {


{ ID id-Old-eNB-UE-X2AP-ID




CRITICALITY reject

TYPE UE-X2AP-ID








PRESENCE mandatory}|


{ ID id-New-eNB-UE-X2AP-ID




CRITICALITY reject

TYPE UE-X2AP-ID








PRESENCE mandatory}|


{ ID id-Old-eNB-UE-X2AP-ID-Extension

CRITICALITY reject

TYPE UE-X2AP-ID-Extension





PRESENCE optional}|


{ ID id-New-eNB-UE-X2AP-ID-Extension

CRITICALITY reject

TYPE UE-X2AP-ID-Extension





PRESENCE optional}|


{ ID id-procedureStage





CRITICALITY reject

TYPE ProcedureStageChoice





PRESENCE mandatory}|


{ ID id-TargetCell-ID





CRITICALITY reject

TYPE ECGI









PRESENCE optional},

...

}
ProcedureStageChoice ::= CHOICE {


first-dl-count





FirstDLCount,


dl-discarding





DLDiscarding,


choice-extension




ProtocolIE-Single-Container { {ProcedureStageChoice-ExtIEs} }

}

ProcedureStageChoice-ExtIEs X2AP-PROTOCOL-IES ::= {


...

}

FirstDLCount ::= SEQUENCE {


e-RABsSubjectToEarlyForwardingTransfer

E-RABsSubjectToEarlyForwardingTransfer-List,


iE-Extension







ProtocolExtensionContainer { {FirstDLCount-ExtIEs} }
OPTIONAL,


...

}

FirstDLCount-ExtIEs X2AP-PROTOCOL-EXTENSION ::= {


...

}

DLDiscarding ::= SEQUENCE {


e-RABsSubjectToDLDiscarding-List


E-RABsSubjectToDLDiscarding-List,


iE-Extension







ProtocolExtensionContainer { {DLDiscarding-ExtIEs} }
OPTIONAL,


...

}

DLDiscarding-ExtIEs X2AP-PROTOCOL-EXTENSION ::= {


...

}
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