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1 Introduction 
In the previous RAN3 meetings, good progress was made on the topic of direct data forwarding for MR-DC inter-system handover scenarios. The goal was to address certain inter-system handover scenarios that are not covered in the existing specifications. The agreements in the last two RAN3 meetings (#114-e [1], #114-bis-e [2], [4]) are as follows. Agreements (RAN3 #114-e):  
Direct data forwarding for NR SA to EN-DC Handover:  
The target SN has information on direct forwarding path availability between itself and neighbouring source nodes.
In order to let the Target SN decide direct forwarding path availability between itself and the source NG-RAN, the following specification impacts are needed:
- The target MN provides the source RAN node ID to the target SN.
- The target SN notifies the direct data forwarding availability indication to the target MN.
Direct data forwarding for EN-DC to NR SA Handover:  
The source SN or the target NG-RAN node has information on the direct forwarding path between itself and neighbouring nodes.
Agreements (RAN3 #114-bis-e):
Agree the following change to TS38.423 in order to support direct data forwarding for NR SA to MR-DC connected to 5GC Handover or SN change.
- The (target) MN provides the source RAN node ID to the target SN.
- The target SN notifies the direct data forwarding availability indication to the (target) MN.
For handover from EN-DC to NR SA HO, agree Option 2a and Option 3a as way forward.
WA: Support direct data forwarding from the source NG-RAN node to the target SN in scenario 3. Continue to discuss the solutions. Whether the WA will be changed to the agreement is depending on the specification impact.



WA: Support direct data forwarding from the source SN to the target NG-RAN node in scenario 3. Continue to discuss the solutions. Whether the WA will be changed to the agreement is depending on the specification impact.


[bookmark: _Hlk85399995]It was previously agreed in RAN3 #111-e meeting [3] that solutions should be developed for the following four identified scenarios of handover between SA (Standalone) and NSA (Non-Standalone) systems.Agreement (RAN3 #111-e): 
Consider solution for all the following data forwarding scenarios of handover between SA and NSA:
- Scenario 1: both MN and SN have direct forwarding.
- Scenario 2: MN has direct forwarding, SN has no direct forwarding.
- Scenario 3 (FFS): MN has no direct forwarding, SN has direct forwarding.
- Scenario 4: neither MN nor SN has direct forwarding.


In this contribution, we discuss the various solution options for the four identified scenarios above in case of NR SA to EN-DC HO.      
2 [bookmark: _Hlk71027383][bookmark: _Ref535308766][bookmark: _Ref535492080]DL direct data forwarding in NR SA to EN-DC HO    
[bookmark: _Hlk78904635]With regard to configuration of direct path availability in the network nodes, the following agreements were reached in the previous RAN3 #114-e [1] meeting. Direct data forwarding for NR SA to EN-DC Handover:  
The target SN has information on direct forwarding path availability between itself and neighbouring source nodes.
In order to let the Target SN decide direct forwarding path availability between itself and the source NG-RAN, the following specification impacts are needed:
- The target MN provides the source RAN node ID to the target SN.
- The target SN notifies the direct data forwarding availability indication to the target MN.



Thus, target MeNB and target SgNB are configured by OAM on whether each node has a direct path available to the source NG-RAN node.
[bookmark: _Hlk78932027]We assume that the target MeNB knows whether target SgNB has a direct path to the source NG-RAN node in the discussion below for further signaling support for data forwarding.
In the case of NR SA to EN-DC handover, the following are the data forwarding scenarios to consider:
Scenario 1: Source NG-RAN has direct paths to target MeNB and target SgNB.
Scenario 2: Source NG-RAN has a direct path to target MeNB, but not to target SgNB. 
Scenario 3: Source NG-RAN does not have a direct path to target MeNB but has a direct path to target SgNB.
Scenario 4: Source NG-RAN does not have a direct path to target MeNB or to target SgNB.
For Scenario 1 and Scenario 2, the NG-AP Handover Required message includes the Direct Forwarding Path Availability IE indicating that there is a direct path available from the source NG-RAN to the target MeNB. 
For Scenario 4, the NG-AP Handover Required message does not include the Direct Forwarding Path Availability IE since there is no direct path available from the source NG-RAN to the target MeNB.
Scenario 3 is discussed in Section 3.
[bookmark: _Hlk85406099]Proposal 1. For scenarios 1 and 2, NG-AP Handover Required message includes the Direct Forwarding Path Availability IE indicating that there is a direct path available from source NG-RAN node to target MeNB. For Scenario 4, Handover Required does not include the Direct Forwarding Path Availability IE.
We now discuss further proposals and observations regarding signaling for supporting data forwarding in Scenarios 1, 2, and 4.
Scenario 1 and Scenario 2
The following is a brief sketch of the steps of the handover procedure (see Figure 1) that are relevant to data forwarding.
· Upon receiving the Handover Request message from the MME, target MeNB decides whether an SgNB should be added. Target MeNB selects an SgNB if it decides to add.
· Target MeNB performs an SN Addition procedure with the target SgNB requesting it to configure and reserve resources for SN terminated and MN terminated bearers that require SCG resources. In SgNB Addition Request Acknowledge, target SgNB provides data forwarding addresses for established SN terminated bearers.

· In case of Scenario 1, in Handover Request Acknowledge message to the MME, target MeNB includes the data forwarding addresses provided by target SgNB for the E-RABs corresponding to SN terminated bearers. For the E-RABs corresponding to MN terminated bearers, target MeNB includes its own addresses. 

· In case of Scenario 2, target MeNB can forward data for SN terminated bearers from source NG-RAN node to the target SgNB. In this way, advantage can be taken of the fact that there is a direct path between the target MeNB and source NG-RAN node, to enable more efficient data forwarding for SN terminated bearers. In this case therefore, in Handover Request Acknowledge message to the MME, target MeNB includes only its own data forwarding addresses for all E-RABs.
[bookmark: _Hlk85406118]Proposal 2. In case of Scenario 1, in Handover Request Acknowledge message to the MME, target MeNB includes the data forwarding addresses provided by target SgNB for the E-RABs corresponding to SN terminated bearers.
In the HANDOVER REQUEST ACKNOWLEDGE message in TS 36.413, the DL GTP-TEID IE in E-RABs in E-RABs Admitted Item IEs can be used for providing the data forwarding addresses in Proposal 2. The IE hierarchy is:
HANDOVER REQUEST ACKNOWLEDGE message: E-RABs Admitted List > E-RABs Admitted Item IEs > DL GTP-TEID.
Proposal 3. In case of Scenario 2, target MeNB forwards data from source NG-RAN node to the target SgNB, for the SN terminated bearers.
Proposal 4. In case of Scenario 2, in Handover Request Acknowledge message to the MME, target MeNB includes its own data forwarding addresses for all E-RABs.
In Proposal 4, target MeNB uses the data forwarding addresses provided in SgNB Addition Request Acknowledge to forward data to the target SgNB for the SN terminated bearers.
Scenario 3
Scenario 3 is discussed in Section 3.
Scenario 4
In case of Scenario 4, since the the NG-AP Handover Required message does not include the Direct Forwarding Path Availability IE, CN (Core Network) tunnels for indirect data forwarding are established as part of the handover procedure for all bearers; see Section 4.11.1.2.1, TS 23.502. No further changes are required in the standards to support this scenario.
Observation 1. No further changes are required in the standards to support Scenario 4, and no room for any improvements in data forwarding is foreseen.
Table 2‑1 describes the specification impact of Proposals 1-4. We see that there are no ASN.1 changes involved but text changes for clarification are likely required. 
Observation 2. Regarding specification impact of Proposals 1-4 for supporting direct data forwarding, there are no ASN.1 changes involved but text changes for clarification are likely required (see Table 2‑1).   
    


[bookmark: _Ref71026757]Figure 1: Call-flow showing signalling for DL direct forwarding set up
[bookmark: _Ref78929512]Table 2‑1: Specification impact of proposals for Scenarios 1, 2, and 4
	
	Proposal
	Specification impact

	
	
	ASN.1 changes
	Text changes for clarification

	Scenario 1
	NG-AP Handover Required message includes the Direct Forwarding Path Availability IE indicating that there is a direct path available from source NG-RAN to target MeNB.
	No
	Yes

	
	In Handover Request Acknowledge message to the MME, target MeNB includes the data forwarding addresses provided by target SgNB for admitted E-RABs corresponding to SN terminated bearers.
	No
	Yes

	Scenario 2
	NG-AP Handover Required message includes the Direct Forwarding Path Availability IE indicating that there is a direct path available from source NG-RAN to target MeNB.
	No
	Yes

	
	Target MeNB forwards data from source NG-RAN node to the target SgNB, for the SN terminated bearers.
	No
	Yes

	
	In Handover Request Acknowledge message to the MME, target MeNB includes its own data forwarding addresses for all admitted E-RABs.
	No
	Yes

	Scenario 4
	NG-AP Handover Required message does not include the Direct Forwarding Path Availability IE.
	No
	Yes



3 DL direct data forwarding in Scenario 3 for NR SA to EN-DC HO
In this case, since source NG-RAN node does not know before initiating the handover whether the target node (MeNB) will add a secondary node (SgNB) during the handover procedure or in case the target node does indeed add a secondary node (SgNB), what is the ID of the secondary node. Therefore, the source NG-RAN cannot determine whether it has direct path to the target SgNB before initiating the handover, in which case it should not include the Direct Forwarding Path Availability IE in the NG-AP Handover Required message.
Observation 3. Source NG-RAN node cannot determine before initiating the handover procedure whether it has a direct path to a target SgNB because of the following reasons.
· Source NG-RAN does not know before initiating handover whether the target node (MeNB) will add a secondary node (SgNB) during the handover procedure.
· Source NG-RAN does not know before initiating handover the ID of the secondary node (SgNB) in case the target node (MeNB) does indeed add a secondary node during handover.
Proposal 5. In the NG-AP Handover Required message Direct Forwarding Path Availability IE is not included.
We think that the following approach can be taken for efficient data forwarding in Scenario 3.
· For bearers set up as SN terminated bearers in the target side, the direct forwarding path from source NG-RAN to target SgNB should be used.
SN terminated bearers: Source NG-RAN (direct forwarding) -> Target SgNB. 
· For bearers set up as MN terminated bearers in the target side, target SgNB can forward data from source NG-RAN to the target MeNB. 
MN terminated bearers: Source NG-RAN (direct forwarding) -> Target SgNB -> Target MeNB.
The set of proposals corresponding to the above approach are as follows. Please refer to the call-flow of the procedure provided earlier in Figure 1.
Proposal 6. Target MeNB includes its own addresses for data forwarding of MN terminated bearers admitted in the handover in SgNB Addition Request.
Proposal 7. Target SgNB includes addresses for direct data forwarding of all bearers admitted in the handover in SgNB Addition Request Acknowledge.
Proposal 8. Target MeNB includes addresses for direct data forwarding of all bearers provided in SgNB Addition Request Acknowledge in the Target to Source container of Handover Request Acknowledge and these addresses are included in the Target to Source container of the Handover Command message to source NG-RAN.
Proposal 9. Target SgNB forwards data for MN terminated bearers from source NG-RAN to the target MeNB.
Proposal 6 involves specification changes. In the Annex below, we illustrate the changes to the definition of the SGNB ADDITION REQUEST message, in TS 36.423.
Proposal 7 does not seem to require any specification changes.
Proposals 8 and 9 also involve specification changes.
4 Conclusions
[bookmark: _Hlk512894710]Based on the discussion in the paper, we have the following observations and proposals.

DL direct data forwarding in NR SA to EN-DC HO
Proposal 1. For scenarios 1 and 2, NG-AP Handover Required message includes the Direct Forwarding Path Availability IE indicating that there is a direct path available from source NG-RAN node to target MeNB. For Scenario 4, Handover Required does not include the Direct Forwarding Path Availability IE.
Proposal 2. In case of Scenario 1, in Handover Request Acknowledge message to the MME, target MeNB includes the data forwarding addresses provided by target SgNB for the E-RABs corresponding to SN terminated bearers.
Proposal 3. In case of Scenario 2, target MeNB forwards data from source NG-RAN node to the target SgNB, for the SN terminated bearers.
Proposal 4. In case of Scenario 2, in Handover Request Acknowledge message to the MME, target MeNB includes its own data forwarding addresses for all E-RABs.
Observation 1. No further changes are required in the standards to support Scenario 4, and no room for any improvements in data forwarding is foreseen.
Observation 2. Regarding specification impact of Proposals 1-4 for supporting direct data forwarding, there are no ASN.1 changes involved but text changes for clarification are likely required (see Table 2‑1).        
Scenario 3: DL direct data forwarding in NR SA to EN-DC HO
Observation 3. Source NG-RAN node cannot determine before initiating the handover procedure whether it has a direct path to a target SgNB because of the following reasons.
· Source NG-RAN does not know before initiating handover whether the target node (MeNB) will add a secondary node (SgNB) during the handover procedure.
· Source NG-RAN does not know before initiating handover the ID of the secondary node (SgNB) in case the target node (MeNB) does indeed add a secondary node during handover.
Proposal 5. In the NG-AP Handover Required message Direct Forwarding Path Availability IE is not included.
Proposal 6. Target MeNB includes its own addresses for data forwarding of MN terminated bearers admitted in the handover in SgNB Addition Request.
Proposal 7. Target SgNB includes addresses for direct data forwarding of all bearers admitted in the handover in SgNB Addition Request Acknowledge.
Proposal 8. Target MeNB includes addresses for direct data forwarding of all bearers provided in SgNB Addition Request Acknowledge in the Target to Source container of Handover Request Acknowledge and these addresses are included in the Target to Source container of the Handover Command message to source NG-RAN.
Proposal 9. Target SgNB forwards data for MN terminated bearers from source NG-RAN to the target MeNB.
References
[1] Chair notes, RAN3 #114-e.
[2] Chair notes, RAN3 #114-bis-e.
[3] Chair notes, RAN3 #111-e.
[4] R3-221451 	Summary of RAN3 #114-bis-e email discussion on inter-system handover in MR-DC scenarios (Samsung).
Annex: Changes in the message definition in TS 36.423 for Proposal 6 
[bookmark: _Toc20954433][bookmark: _Toc29902437][bookmark: _Toc29906441][bookmark: _Toc36550431][bookmark: _Toc45104186][bookmark: _Toc45227682][bookmark: _Toc45891496][bookmark: _Toc51764138][bookmark: _Toc56528139][bookmark: _Toc64382106][bookmark: _Toc66283681][bookmark: _Toc67911057][bookmark: _Toc73979835][bookmark: _Toc88650559][bookmark: _Hlk44063958]9.1.4.1	SGNB ADDITION REQUEST
This message is sent by the MeNB to the en-gNB to request the preparation of resources for EN-DC operation for a specific UE
Direction: MeNB  en-gNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID
9.2.24
	Allocated at the MeNB
	YES
	reject

	NR UE Security Capabilities
	M
	
	9.2.107
	
	YES
	reject

	SgNB Security Key
	M
	
	9.2.101
	The S-KgNB which is provided by the MeNB, see TS 33.401 [18].
	YES
	reject

	SgNB UE Aggregate Maximum Bit Rate
	M
	
	UE Aggregate Maximum Bit Rate
9.2.12
	The UE Aggregate Maximum Bit Rate is split into MeNB UE Aggregate Maximum Bit Rate and SgNB UE Aggregate Maximum Bit Rate which are enforced by MeNB and en-gNB respectively.
	YES
	reject

	Selected PLMN
	O
	
	PLMN Identity
9.2.4
	The selected PLMN of the SCG in the en-gNB.
	YES
	ignore

	Handover Restriction List
	O
	
	9.2.3
	
	YES
	ignore

	E-RABs To Be Added List
	
	1
	
	
	YES
	reject

	>E-RABs To Be Added Item
	
	1 .. <maxnoofBearers>
	
	
	EACH
	reject

	>>E-RAB ID
	M
	
	9.2.23
	
	–
	

	>>DRB ID
	M
	
	9.2.122
	
	–
	

	>>EN-DC Resource Configuration
	M
	
	EN-DC Resource Configuration
9.2.108
	Indicates the PDCP and Lower Layer MCG/SCG configuration.
	–
	

	>>CHOICE Resource Configuration
	M
	
	
	
	
	

	>>>PDCP present in SN 
	
	
	
	This choice tag is used if the PDCP at SgNB IE in the EN-DC Resource Configuration IE is set to the value "present".
	
	

	>>>>Full E-RAB Level QoS Parameters
	M
	
	E-RAB Level QoS Parameters 9.2.9
	Includes the E-RAB level QoS parameters as received on S1-MME.
	–
	

	>>>>Maximum MCG admittable E-RAB Level QoS Parameters
	C-ifMCGandSCGpresent_GBR
	
	GBR QoS Information 9.2.10
	Includes the GBR QoS Information admittable by the MCG.
	–
	

	>>>>DL Forwarding 
	O
	
	9.2.5
	
	–
	

	>>>>MeNB DL GTP Tunnel Endpoint at MCG
	C-ifMCGpresent
	
	GTP Tunnel Endpoint 9.2.1
	MeNB endpoint of the X2-U transport bearer at MCG. For delivery of DL PDCP PDUs.
	–
	

	>>>>S1 UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	SGW endpoint of the S1-U transport bearer. For delivery of UL PDUs from the en-gNB.
	–
	

	>>>>RLC Mode
	O
	
	RLC Mode
9.2.119
	Indicates the RLC mode at the MeNB for PDCP transfer to en-gNB.
	YES
	ignore

	>>>>Bearer Type
	O
	
	9.2.92
	
	YES
	ignore

	>>>>Ethernet Type
	O
	
	9.2.157
	
	YES
	ignore

	>>>PDCP not present in SN
	
	
	
	This choice tag is used if the PDCP at SgNB IE in the EN-DC Resource Configuration IE is set to the value "not present".
	
	

	>>>>Requested SCG E-RAB Level QoS Parameters
	M
	
	E-RAB Level QoS Parameters 9.2.9
	Includes E-RAB level QoS parameters requested to be provided by the SCG.
	–
	

	>>>>MeNB UL GTP Tunnel Endpoint at PDCP
	M
	
	GTP Tunnel Endpoint 9.2.1
	MeNB endpoint of the X2-U transport bearer. For delivery of UL PDCP PDUs.
	–
	

	>>>>Secondary MeNB UL GTP Tunnel Endpoint at PDCP
	O
	
	GTP Tunnel Endpoint 9.2.1
	MeNB endpoint of the X2-U transport bearer. For delivery of UL PDCP PDUs in case of PDCP duplication.
	–
	

	>>>>RLC Mode
	M
	
	RLC Mode
9.2.119
	Indicates the RLC mode to be used in the assisting node.
	–
	

	>>>>UL Configuration
	C-ifMCGandSCGpresent
	
	9.2.118
	Information about UL usage in the en-gNB.
	–
	

	>>>>UL PDCP SN Length
	O
	
	PDCP SN Length
9.2.133
	Indicates the PDCP SN length of the bearer for the UL.
	YES
	ignore

	>>>>DL PDCP SN Length 
	O
	
	PDCP SN Length
9.2.133
	Indicates the PDCP SN length of the bearer for the DL.
	YES
	ignore

	>>>>Duplication activation
	O
	
	9.2.137
	Indicated the initial staus of PDCP duplication.
	YES
	ignore

	           >>>>DL Forwarding  GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer used for forwarding of DL PDUs
	–
	

	MeNB to SgNB Container
	M
	
	OCTET STRING
	Includes the CG-ConfigInfo message as defined in TS 38.331 [31].
	YES
	reject

	SgNB UE X2AP ID
	O
	
	en-gNB UE X2AP ID
9.2.100
	Allocated at the en-gNB.
	YES
	reject

	Expected UE Behaviour
	O
	
	9.2.70
	
	YES
	ignore

	MeNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID
9.2.86
	Allocated at the MeNB.
	YES
	reject

	Requested split SRBs
	O
	
	ENUMERATED (srb1, srb2, srb1&2, ...)
	Indicates that resources for Split SRB are requested.
	YES
	reject

	MeNB Resource Coordination Information
	O
	
	9.2.116
	Information used to coordinate resources utilisation between MeNB and en-gNB.
	YES
	ignore

	SGNB Addition Trigger Indication
	O
	
	ENUMERATED (SN change, inter-eNB HO, intra-eNB HO, ...)
	This IE indicates the trigger for SGNB Addition procedure.
	YES
	reject

	Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.25
	
	YES
	ignore

	MeNB Cell ID
	M
	
	ECGI
9.2.14
	Indicates the cell ID for PCell in MeNB.
	YES
	reject

	Desired Activity Notification Level
	O
	
	9.2.141
	
	YES
	ignore

	Trace Activation
	O
	
	9.2.2
	
	YES
	ignore

	Location Information at SgNB reporting
	O
	
	ENUMERATED (pscell, ...)
	Indicates that the user’s location information is to be provided.
	YES
	ignore

	Masked IMEISV
	O
	
	9.2.69
	
	YES
	ignore

	Additional RRM Policy Index
	O
	
	9.2.25a
	
	YES
	ignore

	Requested Fast MCG recovery via SRB3
	O
	
	ENUMERATED (true, ...)
	Indicates that the resources for fast MCG recovery via SRB3 are requested.
	YES
	ignore

	UE Context Reference at Source NG-RAN
	O
	
	RAN UE NGAP ID 9.2.152
	
	YES
	ignore

	Management Based MDT Allowed
	O
	
	9.2.59
	
	YES
	ignore

	Management Based MDT PLMN List
	O
	
	MDT PLMN List
9.2.64
	
	YES
	ignore

	UE Radio Capability ID
	O
	
	9.2.171
	
	YES
	reject

	IAB Node Indication
	O
	
	ENUMERATED (true, ...)
	
	YES
	reject

	Source NG-RAN Node ID
	O
	
	Global RAN Node ID
9.2.176
	
	YES
	ignore
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