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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 this contribution, we consider the case where the source node and the target SgNB are different NG-RAN nodes. We discuss the signalling aspects to enable DL direct data forwarding from the source NG-RAN node to the target SgNB.       
2 [bookmark: _Ref535308766][bookmark: _Ref535492080]DL direct data forwarding from source node to target SgNB in NR SA to EN-DC HO    
For certain QoS flows/DRBs accepted for data forwarding during NR SA to EN-DC handover, it may be advantageous to enable DL direct data forwarding from source NG-RAN node to target SgNB – for example, for radio bearers (RBs) in the source configuration that are set up as SN terminated bearers (SCG bearers, SN terminated split bearers) in the target configuration upon handover. This is relevant for the use case of EPS fallback of IMS voice where, after handover to the EN-DC system, the ongoing data flows in NR are continued over the SCG leg whereas the voice call is carried over the MCG leg.
We discuss the signaling aspects to enable DL direct data forwarding from source NG-RAN node to target SgNB. Figure 1 shows the call-flow including only the steps that are relevant to the discussion in this paper. 
Upon receiving the Handover Request message from the MME, the target MeNB selects a target SgNB (Step 4) based on the following:
· Information included in the Source to Target Container, e.g., UE measurement results.
· Target MeNB selects a target SgNB if it is not able to handle by itself the traffic load as indicated in the message.
In inter-system handover from 4G system to 5G system or from 5G system to 4G system, the source node can indicate in the Handover Required message using the Direct Forwarding Path Availability IE if it has a direct path to the target node. In case of NR SA to EN-DC HO, source NG-RAN node cannot indicate if it has a direct path to the target SgNB using this indication in Handover Required because of the following reasons:
· Source NG-RAN does not know beforehand whether target MeNB will add an SgNB during the handover procedure;
· In case target MeNB decides to add an SgNB during handover, source NG-RAN does not know beforehand the target SgNB that will be selected by the target MeNB.
Thus, the case of NR SA to EN-DC HO needs to be handled differently than the case of EN-DC to NR SA HO where it may be possible for the source SgNB to use the Direct Forwarding Path Availability IE or a similar indication in Handover Required message to indicate if it has a direct path to the target NG-RAN node; see [4].
[bookmark: _Hlk53756252][bookmark: _Hlk54014193]Observation 1. In case of NR SA to EN-DC HO, the source NG-RAN node cannot use the Direct Forwarding Path Availability IE or a similar indication in Handover Required message to indicate if it has a direct path to the target SgNB. 
However, the source NG-RAN node can use the Direct Forwarding Path Availability IE in Handover Required message to indicate if it has a direct path to the target MeNB.
[bookmark: _Hlk54014441]Observation 2. The source NG-RAN node uses the Direct Forwarding Path Availability IE in Handover Required message to indicate if it has a direct path to the target MeNB.
During the SgNB addition procedure, the target MeNB can request the selected target SgNB to check if it has a direct path to the source NG-RAN node by including the source NG-RAN node ID in the SgNB Addition Request message. The information regarding the NG-RAN nodes to which the target SgNB has a direct path, i.e., NG-RAN nodes which are its neighbors, can be configured on the target SgNB by OAM or obtained through Automatic Neighbor Relation (ANR) procedures.
Proposal 1. In SgNB Addition Request message, the 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.
[bookmark: _Hlk53646955][bookmark: _Hlk53646838]Proposal 2. If target SgNB has a direct path to the source NG-RAN node, it includes the following in SgNB Addition Request Acknowledge message for each admitted E-RAB (SN-terminated bearer set up by target SgNB) for which DL direct data forwarding from source NG-RAN to target SgNB is applicable:
· [bookmark: _Hlk53647037]TEID/TNL addresses;
· SN Direct Forwarding indicator, which will be used by the target MeNB as an indication that the provided TEID/TNL addresses should be forwarded to the MME. 
For each admitted E-RAB (SN-terminated bearer set up by target SgNB) for which DL direct data forwarding from source NG-RAN to target SgNB is not applicable, the target SgNB includes the following in SgNB Addition Request Acknowledge message:
· TEID/TNL addresses.
The target MeNB uses the SN Direct Forwarding indicator to determine if the SgNB provided TEID/TNL addresses are to be forwarded in the Handover Request Acknowledge message to the MME.    
[bookmark: _Hlk37244854][bookmark: _Hlk53756314][bookmark: _Hlk37201522]Proposal 3. In the Handover Request Acknowledge message to the MME, the target MeNB includes the following for each E-RAB for which SN Direct Forwarding indicator is present in SgNB Addition Request Acknowledge: TEID/TNL addresses provided by target SgNB.
For each admitted E-RAB that is set up as an MN-terminated bearer, and for which data forwarding is applicable, target MeNB TEID/TNL addresses are included in the Handover Request Acknowledge message for data forwarding.
The rest of the procedure follows the usual steps (Steps 8-11a) of the Rel-16 5GS to EPS handover procedure, as described in Section 4.11.1.2.1, TS 23.502; the call-flow from the specification is reproduced in Figure 2 below. 
          


[bookmark: _Ref37199288]Figure 1: Call-flow showing DL direct forwarding set up between source node and SgNB


[bookmark: _Ref53666420]Figure 2: Call-flow of 5GS to EPS handover (Figure 4.11.1.2.1-1, TS 23.502)
3 Conclusions
[bookmark: _Hlk512894710]Based on the above discussion, we recommend that RAN3 discuss the following observations and proposals:

Observation 1. In case of NR SA to EN-DC HO, the source NG-RAN node cannot use the Direct Forwarding Path Availability IE or a similar indication in Handover Required message to indicate if it has a direct path to the target SgNB.
Observation 2. The source NG-RAN node uses the Direct Forwarding Path Availability IE in Handover Required message to indicate if it has a direct path to the target MeNB.
Proposal 1. In SgNB Addition Request message, the 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.
Proposal 2. If target SgNB has a direct path to the source NG-RAN node, it includes the following in SgNB Addition Request Acknowledge message for each admitted E-RAB (SN-terminated bearer set up by target SgNB) for which DL direct data forwarding from source NG-RAN to target SgNB is applicable:
· TEID/TNL addresses;
· SN Direct Forwarding indicator, which will be used by the target MeNB as an indication that the provided TEID/TNL addresses should be forwarded to the MME. 
Proposal 3. In the Handover Request Acknowledge message to the MME, the target MeNB includes the following for each E-RAB for which SN Direct Forwarding indicator is present in SgNB Addition Request Acknowledge: TEID/TNL addresses provided by target SgNB.
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