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1 Introduction
In the RAN3 #119bis emeeting, RAN3 has achieved the following agreement for data forwarding optimisation.
Data forwarding optimizations should not impact legacy HO mechanism as the fundamental basis.
Data forwarding optimizations focus on how to avoid multiple data forwarding paths.
Additional, a stage 2 TP is agreed in R3-232172, as below.
	NOTE 4a0:	In CHO with (multiple) SN configurations, the (candidate) SN assigns the same data forwarding addresses for multiple data forwarding requests from different target MNs. If available, the (candidate) SN indicates direct data forwarding path availability with the source node(s).
Editor’s note: Details of the indication(s) from the target SN are FFS.



In this paper, based on above progress, we provide two enhancements as below.
1) Enhancement 1: Data forwarding optimizations focus on how to avoid multiple data forwarding paths.
2) Enhancement 2: Data forwarding optimizations focus on direct data forwarding path
2 Discussion
2.1 Existing data forwarding optimization
In current TS38.423 specification, direct Forwarding Path Availability is included as below.
	TS 38.423
8.3.1	S-NG-RAN node Addition Preparation
If the Source NG-RAN Node ID IE is included in the S-NODE ADDITION REQUEST message, the S-NG-RAN node shall, if supported, use it to decide the direct data path availability with the indicated source NG-RAN node, and if the direct data forwarding path is available, include the Direct Forwarding Path Availability IE in the S-NODE ADDITION REQUEST ACKNOWLEDGE message.
9.1.2.1	S-NODE ADDITION REQUEST
	Source NG-RAN Node ID
	O
	
	Global NG-RAN Node ID
9.2.2.3
	The NG-RAN Node ID of the source NG-RAN node or the source SN.



9.1.2.2	S-NODE ADDITION REQUEST ACKNOWLEDGE
	Direct Forwarding Path Availability
	O
	
	ENUMERATED (direct path available, …)
	Indicates direct forwarding path is available between the target S-NG-RAN node and source NG-RAN node for intra-system handover or between the target S-NG-RAN node and the source SN. 



S-NODE ADDITION REQUEST message
	CHO Information SN Addition
	O
	
	
	

	>Source M-NG-RAN node ID
	M
	
	Global NG-RAN Node ID
9.2.2.3
	

	>Source M-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source M-NG-RAN node






Observation 1: According to current specification, existing data forwarding optimizations are used for two cases (Case 1: 5GC handover from SA (single node) to MR-DC and Case 2: SN change under the same MN)


Figure 1: Case 1 (Handover from SA (single node) to MR-DC)


Figure 2: Case 2 (SN change under the same MN)
However, data forwarding optimization has not been supported in the case of CHO with (multiple) SN configuration.


Figure 3: Case 3: CHO with (multiple) SCG
Observation 2: According to current specification, data forwarding optimization is not supported for Case 3: (multiple) CHO with SCG.
2.2 Enhancement 1: How to avoid multiple data forwarding paths
	TS 38.423
S-NODE ADDITION REQUEST message
	CHO Information SN Addition
	O
	
	
	

	>Source M-NG-RAN node ID
	M
	
	Global NG-RAN Node ID
9.2.2.3
	

	>Source M-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source M-NG-RAN node






Since the target SN has acquired source MN id via SN addition request message (seen as above), it can introduce Direct Forwarding Path Availability indication to target MN to target MN via SN addition request ACK message if direct data forwarding path is existed.


Figure 3: Data forwarding between source MN/SN and target SN
So, it is suggested to add a new IE in the SN addition request acknowledge message, as below.
--------------------------TS 38.423----------------------------------
9.1.2.2	 S-NODE ADDITION REQUEST ACKNOWLEDGE
	Additional direct Forwarding Path Availability
	O
	
	ENUMERATED (direct path available, …)
	Indicates direct forwarding path is available between the target SN node and the source MN node. 


--------------------------TS 38.423----------------------------------
Proposal 1: In case of CHO with SCG, a new IE (e.g., Additional direct Forwarding Path Availability) is added, to indicate whether direct path between source MN and target SN is available, via SN addition request acknowledge message.
If proposal 1 is agreed, each of candidate target MN acknowledges direct connection between source MN and target SN and then it will transfer the TEID received from target SN to source MN without conversion. So that, the source MN will receive the same TEID from multiple candidate target MN.
Although source MN has no idea of direct connection between source SN and target MN and then it has to convert the TEID received from target MN, it can send the same converting TEID to the source SN because of the same TEID received from different target MNs,  
Observation 3: If proposal 1 is agreed, multiple data forwarding request form different target MN can be avoided. However, the single data forwarding path is indirect among S-SN, S-MN and T-SN.
2.3 Enhancement 2: Provide direct data forwarding path instead of indirect data forwarding path
Seen as figure 3, in current specification, the S-MN has no idea of direct connection between S-SN and T-MN. 
In it is suggest to enhance Handover procedure, then the data forwarding path can be direct between S-SN and T-SN.


Figure 4: Direct data forwarding between source SN and target SN
In current TS38.423, the S-MN has sent S-SN identity to different T-MN via Handover request message.
	UE Context Reference at the S-NG-RAN node
	O
	
	

	>Global NG-RAN Node ID
	M
	
	9.2.2.3

	>S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16



Based on the received S-SN identity within Handover request message, the T-SN can judge whether direct connection is available between S-SN and itself.
--------------------------TS 38.423----------------------------------
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	Direct Forwarding Path Availability
	O
	
	ENUMERATED (direct path available, …)
	Indicates direct forwarding path is available between the target MN node and the source SN node. 


--------------------------TS 38.423----------------------------------

Proposal 2: In case of CHO with SCG, a new IE (e.g., Direct Forwarding Path Availability) is added, to indicate whether direct path between source SN and target MN is available, via HANDOVER REQUEST ACKNOWLEDGE message.
3 Conclusion
Based on the above analysis, we provide the following observations and proposals.
Observation 1: According to current specification, existing data forwarding optimizations are used for two cases (Case 1: 5GC handover from SA (single node) to MR-DC and Case 2: SN change under the same MN)
Observation 2: According to current specification, data forwarding optimization is not supported for Case 3: (multiple) CHO with SCG.
Proposal 1: In case of CHO with SCG, a new IE (e.g., Additional direct Forwarding Path Availability) is added, to indicate whether direct path between source MN and target SN is available, via SN addition request acknowledge message.
Observation 3: If proposal 1 is agreed, multiple data forwarding request form different target MN can be avoided. However, the single data forwarding path is indirect among S-SN, S-MN and T-SN.
Proposal 2: In case of CHO with SCG, a new IE (e.g., Direct Forwarding Path Availability) is added, to indicate whether direct path between source SN and target MN is available, via HANDOVER REQUEST ACKNOWLEDGE message.
If the above proposals are agreed, the related TPs for 38.423 shall be agreed. 
4 Text Proposal to 38.423
Start CHANGE
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This procedure is used to establish necessary resources in an NG-RAN node for an incoming handover. If the procedure concerns a conditional handover, parallel transactions are allowed. Possible parallel requests are identified by the target cell ID when the source UE AP IDs are the same.
The procedure uses UE-associated signalling.
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Figure 8.2.1.2-1: Handover Preparation, successful operation
The source NG-RAN node initiates the procedure by sending the HANDOVER REQUEST message to the target NG-RAN node. When the source NG-RAN node sends the HANDOVER REQUEST message, it shall start the timer TXnRELOCprep.
<Skip unchanged part>
If the UE Slice-Maximum Bit Rate List IE is contained in HANDOVER REQUEST message, the target NG-RAN node shall, if supported, store the received UE Slice Maximum Bit Rate List in the UE context, and use the received UE Slice Maximum Bit Rate value for each S-NSSAI for the concerned UE as specified in TS 23.501 [7].
If the UE Context Reference at the S-NG-RAN node IE is included in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, use it to decide the direct data path availability with the indicated source S-NG-RAN node, and if the direct data forwarding path is available, include the Direct Forwarding Path Availability IE in the HANDOVER REQUEST ACKNOWLEDGE message.
Interaction with SN Status Transfer procedure:
If the UE Context Kept Indicator IE set to "True" and the DRBs transferred to MN IE are included in the HANDOVER REQUEST ACKNOWLEDGE message, the source NG-RAN node shall, if supported, include the uplink/downlink PDCP SN and HFN status received from the S-NG-RAN node in the SN Status Transfer procedure towards the target NG-RAN node, as specified in TS 37.340 [8].
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The purpose of the S-NG-RAN node Addition Preparation procedure is to request the S-NG-RAN node to allocate resources for dual connectivity operation for a specific UE.
The procedure uses UE-associated signalling.
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Figure 8.3.1.2-1: S-NG-RAN node Addition Preparation, successful operation
The M-NG-RAN node initiates the procedure by sending the S-NODE ADDITION REQUEST message to the S-NG-RAN node.
<Skip unchanged part>
For each DRB configured as MN-terminated split bearer/SCG bearer, if the QoS Mapping Information IE is included in the DRBs Admitted List IE in the PDU Session Resource Setup Response Info – MN terminated IE of the S-NODE ADDITION REQUEST ACKNOWLEDGE message, the M-NG-RAN node shall, if supported, use it to set DSCP and/or IPv6 flow label fields for the downlink IP packets which are transmitted from M-NG-RAN node to S-NG-RAN node through the GTP tunnels indicated by the UP Transport Layer Information IE.
If the Source NG-RAN Node ID IE is included in the S-NODE ADDITION REQUEST message, the S-NG-RAN node shall, if supported, use it to decide the direct data path availability with the indicated source NG-RAN node, and if the direct data forwarding path is available, include the Direct Forwarding Path Availability IE in the S-NODE ADDITION REQUEST ACKNOWLEDGE message.
If the Source M-NG-RAN node ID IE is included within the CHO Information SN Addition IE contained in the S-NODE ADDITION REQUEST message, the S-NG-RAN node shall, if supported, use it to decide the direct data path availability with the indicated source M-NG-RAN node, and if the direct data forwarding path is available, include the Additional direct Forwarding Path Availability IE in the S-NODE ADDITION REQUEST ACKNOWLEDGE message.
[bookmark: _Hlk85621254]If for a given QoS Flow the Source DL Forwarding IP Address IE or both, the Source DL Forwarding IP Address IE and the Source Node DL Forwarding IP Address IE are included within the Data Forwarding and Offloading Info from source NG-RAN node IE in the PDU Session Resource Setup Info – SN terminated IE contained in the S-NODE ADDITION REQUEST message, the S-NG-RAN node shall, if supported, store this information and use it as part of its ACL functionality configuration actions, if such ACL functionality is deployed.
<Skip unchanged part>
9.1.1.2	HANDOVER REQUEST ACKNOWLEDGE
This message is sent by the target NG-RAN node to inform the source NG-RAN node about the prepared resources at the target.
Direction: target NG-RAN node  source 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

	Source NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	ignore

	Target NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the target NG-RAN node
	YES
	ignore

	PDU Session Resources Admitted List
	M
	
	9.2.1.2
	
	YES
	ignore

	PDU Session Resources Not Admitted List
	O
	
	9.2.1.3
	
	YES
	ignore

	Target NG-RAN node To Source NG-RAN node Transparent Container
	M
	
	OCTET STRING
	Either includes the HandoverCommand message as defined in subclause 10.2.2 of TS 36.331 [14], if the target NG-RAN node is an ng-eNB,
or the HandoverCommand message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB.
	YES
	ignore

	UE Context Kept Indicator
	O
	
	9.2.3.68
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore

	DRBs transferred to MN
	O
	
	DRB List
9.2.1.29
	In case of DC, indicates that SN Status is needed for the listed DRBs from the S-NG-RAN node.
	YES
	ignore

	[bookmark: _Hlk44411358]DAPS Response Information 
	O
	
	9.2.1.34
	
	YES
	reject

	Conditional Handover Information Acknowledge
	O
	
	
	
	YES
	reject

	>Requested Target Cell ID
	M
	
	Target Cell Global ID
9.2.3.25
	Target cell indicated in the corresponding HANDOVER REQUEST message
	–
	

	[bookmark: _Hlk44411364]>Maximum Number of CHO Preparations
	O
	
	9.2.3.101
	
	–
	

	MBS Session Information Response List
	O
	
	9.2.1.38
	
	YES
	ignore

	Direct Forwarding Path Availability
	O
	
	ENUMERATED (direct path available, …)
	Indicates that direct forwarding path is available between the target MN node and the source SN node. 
	YES
	ignore
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This message is sent by the S-NG-RAN node to confirm the M-NG-RAN node about the S-NG-RAN node addition preparation.
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

	PDU Session Resources Admitted To Be Added List
	
	1
	
	
	YES
	ignore

	>PDU Session Resources Admitted To Be Added Item
	
	1 .. <maxnoofPDUSessions>
	
	NOTE: If neither the 
PDU Session Resource Setup Response Info – SN terminated IE 
nor the
PDU Session Resource Setup Response Info – MN terminated IE
is present in a PDU Session Resources Admitted to be Added Item IE, abnormal conditions as specified in clause 8.3.1.4 apply.
	–
	

	>>PDU Session ID
	M
	
	9.2.3.18
	
	–
	

	>>PDU Session Resource Setup Response Info – SN terminated
	O
	
	9.2.1.6
	
	–
	

	>>PDU Session Resource Setup Response Info – MN terminated
	O
	
	9.2.1.8
	
	–
	

	PDU Session Resources Not Admitted List
	O
	
	
	
	YES
	ignore

	>PDU Session Resources Not Admitted List – SN terminated
	O
	
	PDU Session Resources Not Admitted List
9.2.1.3
	
	–
	

	>PDU Session Resources Not Admitted List – MN terminated
	O
	
	PDU Session Resources Not Admitted List
9.2.1.3
	
	–
	

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

	Admitted Split SRBs
	O
	
	ENUMERATED (srb1, srb2, srb1&2, ...)
	Indicates admitted SRBs
	YES
	reject

	RRC Config Indication
	O
	
	9.2.3.72
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore

	Location Information at S-NODE
	O
	
	Target Cell Global ID
9.2.3.25
	Contains information to support localisation of the UE
	YES
	ignore

	MR-DC Resource Coordination Information
	O
	
	9.2.2.33
	Information used to coordinate resource utilisation between M-NG-RAN node and S-NG-RAN node. 
	YES
	ignore

	Available fast MCG recovery via SRB3
	O
	
	ENUMERATED (true, ...)
	Indicates the fast MCG recovery via SRB3 is enabled.
	YES
	ignore

	Direct Forwarding Path Availability
	O
	
	ENUMERATED (direct path available, …)
	Indicates direct forwarding path is available between the target S-NG-RAN node and source NG-RAN node for intra-system handover or between the target S-NG-RAN node and the source SN. 
	YES
	ignore

	SCG Activation Status
	O
	
	9.2.3.155
	
	YES
	ignore

	Conditional PSCell Addition Information Acknowledge
	O
	
	
	
	YES
	ignore

	>Candidate PSCell List
	
	1
	
	
	–
	

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

	>>>PSCell ID
	M
	
	NR CGI 9.2.2.7
	
	–
	

	Additional direct Forwarding Path Availability
	O
	
	ENUMERATED (direct path available, …)
	Indicates that direct forwarding path is available between the target SN node and the source MN node. 
	YES
	ignore



	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions. Value is 256

	maxnoofPSCellCandidate
	Maximum no, of PSCell candidate. Value is 8
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