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1 Introduction 
It was agreed by RAN2 and RAN3 that NR SA to EN-DC inter-system handover will be supported in Rel-16. In RAN3 #107-e, signalling support to enable internal forwarding in the case of “shared gNB/SgNB” was also introduced; see [1], [2], [3].
In previous RAN3 meetings, companies provided contributions discussing signalling aspects to enable DL direct data forwarding between source and target nodes in NR SA to EN-DC and EN-DC to NR SA handovers. The goal was to address certain MR-DC inter-system handover scenarios that are not covered in the existing specifications. In the last RAN3 meeting [4], an email discussion [5] was set up to collect the views from various companies on this topic. It was agreed [4] that solutions should be developed for the following four identified scenarios of handover between SA and NSA.Agreement: 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 signaling solutions for the data forwarding scenarios identified in the above agreement.        
2 [bookmark: _Hlk71027383][bookmark: _Ref535308766][bookmark: _Ref535492080]DL direct data forwarding in NR SA to EN-DC HO    
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.
In the email discussion [5] companies preferred that a signaling based solution be developed to enable relevant nodes to know direct forwarding path availability for all the above scenarios to avoid the OAM burden of configuring neighbor’s neighbor information on direct forwarding path availability, which may be especially relevant in the inter-vendor case. In NR SA to EN-DC handover it is sufficient that the target MeNB knows whether target SgNB has a direct path to the source NG-RAN node, as the discussion below shows.  
Observation 1. A signaling based solution needs to be developed to enable relevant nodes to know direct forwarding path availability for all scenarios of handover between SA and NSA to avoid the OAM burden of configuring neighbor’s neighbor information for direct data forwarding, which may be especially relevant in the inter-vendor case. 
Observation 2. In NR SA to EN-DC HO, it is sufficient to develop a signaling based solution so that target MeNB knows whether target SgNB has a direct path to the source NG-RAN node.
The signaling solution can be discussed further in RAN3 and in the proposal below we indicate it as FFS.  
[bookmark: _Hlk71064344][bookmark: _Hlk71044790]Proposal 1. A signaling based solution is needed so that target MeNB knows whether target SgNB has a direct path to the source NG-RAN node. FFS on the signaling solution to use.  
For the signaling solution in Proposal 1, there are the following candidates:
· Target MeNB obtains from target SgNB information regarding the RAN nodes to which target SgNB is directly connected, i.e., the RAN neighbor nodes of target SgNB; e.g., this can be obtained using the EN-DC X2 Setup procedure by adding RAN neighbor node information in the EN-DC X2 Setup Response message. This change thus involves standards changes.
· In the previous RAN3 contribution [6], the solution proposed is that, during the handover procedure, in SgNB Addition Request message, target MeNB includes the source NG-RAN node ID and requests the target SgNB to check if it has a direct path to the source NG-RAN node. If target SgNB has a direct path to the source NG-RAN node, it includes in SgNB Addition Request Acknowledge an SN Direct Forwarding indicator.
For both 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.
For Scenario 3, we currently leave as FFS whether the NG-AP Handover Required message includes the Direct Forwarding Path Availability IE.
Observation 3. 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. For Scenario 3, it is FFS whether this IE is included.
We now discuss further proposals regarding signaling 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 2) 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.

· Assuming that Proposal 1 holds, target MeNB knows whether target SgNB has a direct path available to the source NG-RAN. 
· 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.
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.



[bookmark: _Ref71026757]Figure 2: Call-flow showing signalling for DL direct forwarding set up
Observation 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 5, 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 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 5. No further changes are required in the standards to support Scenario 4, and no room for any improvements in data forwarding is foreseen.
Observation 6. Signaling solution to support Scenario 3 is FFS.
3 [bookmark: _Hlk71027535]DL direct data forwarding in EN-DC to NR SA HO
In the case of EN-DC to NR SA handover, the following are the data forwarding scenarios to consider:
Scenario 1: Both source MeNB and source SgNB have direct path to target NG-RAN node. 
Scenario 2: Source MeNB has direct path to target NG-RAN node, but source SgNB does not.
Scenario 3: Source MeNB does not have direct path to target NG-RAN node, but source SgNB does.  
Scenario 4: Both source MeNB and source SgNB do not have direct path to target NG-RAN node.
As in the case of NR SA to EN-DC handover, in order to avoid the OAM burden of configuring neighbor’s neighbor information for direct data forwarding, we have an observation similar to Observation 2 and a proposal similar to Proposal 1. 
Observation 7. In EN-DC to NR SA HO, it is sufficient to develop a signaling based solution so that source MeNB knows whether source SgNB has a direct path to the target NG-RAN node.
Proposal 4. A signaling based solution is needed so that source MeNB knows whether source SgNB has a direct path to the target NG-RAN node. FFS on the signaling solution to use. 
For the signaling solution in Proposal 4, there are the following candidates:
· In the previous RAN3 contribution [7], the solution proposed is that source MeNB uses the SN Modification procedure to obtain from source SgNB information regarding whether source SgNB has a direct path to the target NG-RAN. 
· The EN-DC X2 Setup procedure may also be enhanced for this purpose as in NR SA to EN-DC handover case. For example, source MeNB can obtain from source SgNB information regarding the RAN nodes to which source SgNB is directly connected, i.e., the neighbor nodes of source SgNB. 
We have a similar observation as Observation 3 in case of NR SA to EN-DC handover.
Observation 8. For scenarios 1 and 2, S1-AP Handover Required message includes the Direct Forwarding Path Availability IE indicating that there is a direct path available from source MeNB to target NG-RAN node. For Scenario 4, Handover Required does not include the Direct Forwarding Path Availability IE. For Scenario 3, it is FFS whether this IE is included.
We now discuss further proposals regarding signaling in Scenarios 1, 2, and 4.
Scenario 1
[bookmark: _Hlk71021965]In Scenario 1, in the Handover Command message from the MME, source MeNB receives direct data forwarding addresses for all the bearers that have been admitted by the target NG-RAN node. Source MeNB forwards the addresses for the SN terminated bearers to the source SgNB. Source MeNB may use the SN Modification procedure for this purpose. Source SgNB uses these addresses for direct data forwarding to the target NG-RAN node.  
Proposal 5. In case of Scenario 1, source MeNB forwards the data forwarding addresses for the SN terminated bearers received in the Handover Command message, to the source SgNB.
Scenario 2
In Scenario 2, source MeNB can forward data for SN terminated bearers from source SgNB to the target NG-RAN node. Source MeNB provides its own addresses to the source SgNB for this purpose.
Proposal 6. In case of Scenario 2, source MeNB forwards data for SN terminated bearers from source SgNB to the target NG-RAN node.
Scenario 4
In case of Scenario 4, following a similar reasoning as for the NR SA to EN-DC handover case, we have the following conclusion.
[bookmark: _Hlk71027661]Observation 9. No further changes are required in the standards to support Scenario 4, and no room for any improvements in data forwarding is foreseen.  
Observation 10. Signaling solution to support Scenario 3 is FFS.  
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
Observation 1. A signaling based solution needs to be developed to enable relevant nodes to know direct forwarding path availability for all scenarios of handover between SA and NSA to avoid the OAM burden of configuring neighbor’s neighbor information for direct data forwarding. 
Observation 2. In NR SA to EN-DC HO, it is sufficient to develop a signaling based solution so that target MeNB knows whether target SgNB has a direct path to the source NG-RAN node.
Proposal 1. A signaling based solution is needed so that target MeNB knows whether target SgNB has a direct path to the source NG-RAN node. FFS on the signaling solution to use.  
Observation 3. 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. For Scenario 3, it is FFS whether this IE is included.
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.
Observation 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 5. No further changes are required in the standards to support Scenario 4, and no room for any improvements in data forwarding is foreseen.
Observation 6. Signaling solution to support Scenario 3 is FFS.
DL direct data forwarding in EN-DC to NR SA HO
Observation 7. In EN-DC to NR SA HO, it is sufficient to develop a signaling based solution so that source MeNB knows whether source SgNB has a direct path to the target NG-RAN node.
Proposal 4. A signaling based solution is needed so that source MeNB knows whether source SgNB has a direct path to the target NG-RAN node. FFS on the signaling solution to use. 
Observation 8. For scenarios 1 and 2, S1-AP Handover Required message includes the Direct Forwarding Path Availability IE indicating that there is a direct path available from source MeNB to target NG-RAN node. For Scenario 4, Handover Required does not include the Direct Forwarding Path Availability IE. For Scenario 3, it is FFS whether this IE is included.
Proposal 5. In case of Scenario 1, source MeNB forwards the data forwarding addresses for the SN terminated bearers received in the Handover Command message, to the source SgNB.
Proposal 6. In case of Scenario 2, source MeNB forwards data for SN terminated bearers from source SgNB to the target NG-RAN node.
Observation 9. No further changes are required in the standards to support Scenario 4, and no room for any improvements in data forwarding is foreseen.  
Observation 10. Signaling solution to support Scenario 3 is FFS.  
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