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1. Introduction

In the previous RAN3 meetings, it was ever discussed on how to support direct data forwarding for inter-system handover between EN-DC and SA. However, no conclusion was made. In this contribution, we make further analysis and provide proposals on support of data forwarding for EN-DC to SA handover.
2. Discussion
According to the agreement made in WI, source eNB would decide whether direct data forwarding is available or not and send to the MME. If the UE is under EN-DC operation in the source side, there is still no way to make the source eNB know whether direct data forwarding could be performed or not between source SgNB and target gNB. Without this information, the source MeNB could not know how to fill out Direct Forwarding Path Availability IE in Handover Required message.
Observation1: For inter-system HO from EN-DC to SA, the source MeNB needs to know whether direct data forwarding tunnel is available or not between source SgNB and target gNB. Otherwise, the source MeNB does not know how to set Direct Forwarding Path Availability IE in Handover Required message.

As to solutions on above issue, there were some initial discussions in RAN3#105  meeting and different options were proposed. One proposal is to resolve the issue via OAM configuration. However, after further analysis, we find OAM configuration based solution could not work. The reason is as follows:

1) Firstly, when discussing whether Direct Forwarding Path Availability IE should be introduced in NGAP Handover Request message at the beginning phase of this WI,it is already agreed that data forwarding proposal is per UE not per node. Otherwise, we do not need to introduce Direct Forwarding Path Availability IE in PDU Session Resource Setup Request Transfer IE within Handover Request message. If we agreed to use OAM based solution here, it is controversial with our previous agreement.
2) Secondly, OAM only configure the relationship between current cell and neighbor cells, not the relationship between two neighbor cells. If we request OAM to configuration information on whether direct data forwarding tunnel is available or not between two neighbor gNBs, contact to SA5 is needed.
Based on above analysis, OAM based solution could not work.
Observation 2: Based on current specification, whether direct data forwarding should be implemented between two nodes is per UE not per node. What’s more, it is not supported to configure the neighbor relationship between two neighbor nodes. Therefore, OAM based solution could not work. 

Since OAM based solution could not work, standard based solution should be considered. Before discussing on detailed solutions,we make some analysis on different cases. Several scenarios should be taken into account as below:

1) Direct data forwarding is available between source MN and target NG-RAN node while there is no direct data forwarding tunnel between source SgNB and target NG-RAN node

In this case, the source MN could set the direct data forwarding available IE as TRUE. For MN-terminated bearer, direct data forwarding could be made between source MN and target NG-RAN node.For SN-terminated bearer, the data forwarding direction could be Source SN->Source MN->Target NG-RAN node

2) Direct data forwarding is available between source MN and target NG-RAN node, direct data forwarding tunnel is also available between source SgNB and target NG-RAN node

For this case, the source MN could also set the direct data forwarding available IE as TRUE. For MN-terminated bearer, direct data forwarding could be made between source MN and target NG-RAN node.For SN-terminated bearer, direct data forwarding could be made between source SN and target NG-RAN node.

3) Direct data forwarding is not available between source MN and target NG-RAN node while direct data forwarding tunnel is available between source SgNB and target NG-RAN node

For this case, normally, the source MN could not set the direct data forwarding available IE as TRUE since direct data forwarding could not be supported for MN terminated bearer. However, if there is no MN-terminated bearer i.e. all E-RAB which data forwarding are needed are terminated in SgNB, the source MN could set the direct data forwarding available IE as TRUE.

Based on above analysis, the MN would decide the value of direct data forwarding available IE as TRUE only in the following cases: 

a) Direct data forwarding tunnel is available between source MN and target NG-RAN node

b) Direct data forwarding is not available between source MeNB and target gNB while it is available between source SgNB and target gNB. All E-RABs which data forwarding are needed in the source side are terminated in SgNB.

Observation3: The MN would set the value of direct data forwarding available IE as TRUE only in the following cases: 

1) Direct data forwarding tunnel is available between source MN and target NG-RAN node

2) Direct data forwarding is not available between source MeNB and target gNB while it is available between source SgNB and target gNB.All E-RABs which data forwarding are proposed in the source side are terminated in SgNB.

As to solutions, there are two ways to let MeNB know the availability of direct data forwarding between source SgNB and target NG-RAN node. 
Alternative 1: Introduce a new message which is used by Source MeNB to retrieve the information.
Alternative 2: Reuse current SgNB Modification procedure to retrieve the information, i.e. introduce a new direct data forwarding availability query IE in SgNB Modification Request message and direct data forwarding availability result IE in SgNB Modification Response message.
Since alternative 2 has less impact to specification, we have preference on this option. In fact, for current inter-MN handover, in 37.340,it is already agreed to let source MN initiate a SN Modification procedure to retrieve SCG configuration before HO preparation procedure as below:
10.7
Inter-Master Node handover with/without Secondary Node change

1.
The source MN starts the handover procedure by initiating the X2 Handover Preparation procedure including both MCG and SCG configuration. The source MN includes the (source) SN UE X2AP ID, SN ID and the UE context in the (source) SN in the Handover Request message.

NOTE 3:
The source MN may trigger the MN-initiated SN Modification procedure (to the source SN) to retrieve the current SCG configuration before step 1.
Similarly, it is also reasonable to reuse the procedure to retrieve information on whether there is direct data forwarding tunnel between source SgNB and target gNB before source MeNB sends Handover Required message towards MME.
Proposal 1:It is proposed to let source MN trigger SgNB modification procedure to source SgNB to retrieve information on whether direct data forwarding is available or not.

Proposal 1bis: It is proposed to introduce a new direct data forwarding availability query IE in SgNB Modification Request message and direct data forwarding availability result IE in SgNB Modification Response message. 
Similarly, for NG-based handover from NR-NR DC to NG-RAN node and SgNB change procedure, the MN node also need to query the availability of direct data forwarding between source SN node and target NG-RAN node. So, we have proposal 2
Proposal 2:It is proposed to let source MN trigger S-NG-RAN node modification procedure to source S-NG-RAN node to retrieve information on whether direct data forwarding is available or not.
Proposal 2bis: It is proposed to introduce a new direct data forwarding availability query IE in S-NG-RAN node Modification Request message and direct data forwarding availability result IE in S-NG-RAN node Modification Response message.

3. Conclusion

Based on analysis above, we have the following proposals:

Observation1: For inter-system HO from EN-DC to SA, the source MeNB needs to know whether direct data forwarding tunnel is available or not between source SgNB and target gNB. Otherwise, the source MeNB does not know how to set Direct Forwarding Path Availability IE in Handover Required message.

Observation 2: Based on current specification, whether direct data forwarding should be implemented between two nodes is per UE not per node. What’s more, it is not supported to configure the neighbor relationship between two neighbor nodes. Therefore, OAM based solution could not work.
Observation3: The MN would set the value of direct data forwarding available IE as TRUE only in the following cases: 

1) Direct data forwarding tunnel is available between source MN and target NG-RAN node

2) Direct data forwarding is not available between source MeNB and target gNB while it is available between source SgNB and target gNB.All E-RABs which data forwarding are proposed in the source side are terminated in SgNB.
Proposal 1:It is proposed to let source MN trigger SgNB modification procedure to source SgNB to retrieve information on whether direct data forwarding is available or not.

Proposal 1bis: It is proposed to introduce a new direct data forwarding availability query IE in SgNB Modification Request message and direct data forwarding availability result IE in SgNB Modification Response message. 

Proposal 2:It is proposed to let source MN trigger S-NG-RAN node modification procedure to source S-NG-RAN node to retrieve information on whether direct data forwarding is available or not.
Proposal 2bis:It is proposed to introduce a new direct data forwarding availability query IE in S-NG-RAN node Modification Request message and direct data forwarding availability result IE in S-NG-RAN node Modification Response message.

The CR for 36.423 and 38.423 are in [1] and [2].
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