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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 data forwarding in certain inter-system handover scenarios that are not covered in the existing specifications. Some of the main agreements in the last three RAN3 meetings (#114-e [1], #114-bis-e [2], #115-e [3]) are as follows.
Agreements (RAN3 #114-e):  
Direct data forwarding for NR SA to EN-DC Handover:  
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.
Agreements (RAN3 #114-bis-e):
Agree the following change to TS 38.423 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.
Agreements (RAN3 #115-e):
Direct data forwarding from MR-DC to NR SA HO in Scenarios 1 and 2:
· For EN-DC to SA, use option 3a.
· For intra-5GS MR-DC to SA, use option 2a.


For scenario from NR SA to EN-DC handover in Scenario 3:
- Source NG-RAN node doesn’t include Direct Forwarding Path Availability IE in Handover Required message for handover from NR SA to EN-DC.
- The same as scenario 1 and scenario 2, it should be the target SN to decide whether direct forwarding path is available between the source NG-RAN node and the target SN.

[bookmark: _Hlk85399995]It was previously agreed in RAN3 #111-e meeting [4] 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
For this case, it was agreed in the last RAN3 #115-e meeting [3] that source NG-RAN node does not include Direct Forwarding Path Availability IE in the Handover Required message. For scenario from NR SA to EN-DC handover in Scenario 3:
- Source NG-RAN node doesn’t include Direct Forwarding Path Availability IE in Handover Required message for handover from NR SA to EN-DC.
- The same as scenario 1 and scenario 2, it should be the target SN to decide whether direct forwarding path is available between the source NG-RAN node and the target SN.


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 5. Target MeNB includes its own addresses for data forwarding of MN terminated bearers admitted in the handover in SgNB Addition Request.
Proposal 6. Target SgNB includes addresses for direct data forwarding of all bearers admitted in the handover in SgNB Addition Request Acknowledge.
Proposal 7. 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 8. Target SgNB forwards data for MN terminated bearers from source NG-RAN to the target MeNB.
Proposal 5 involves specification changes. In an accompanying CR to TS 36.423 [5], we illustrate the changes to the definition of the SGNB ADDITION REQUEST message, for Proposal 5.
Proposal 6 does not seem to require any specification changes.
Proposals 7 and 8 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
Proposal 5. Target MeNB includes its own addresses for data forwarding of MN terminated bearers admitted in the handover in SgNB Addition Request.
Proposal 6. Target SgNB includes addresses for direct data forwarding of all bearers admitted in the handover in SgNB Addition Request Acknowledge.
Proposal 7. 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 8. Target SgNB forwards data for MN terminated bearers from source NG-RAN to the target MeNB.
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