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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 our contributions in the last RAN3 #110-e meeting [4], [5], we considered NR SA to EN-DC and EN-DC to NR SA handovers, and we discussed the signalling aspects to enable DL direct data forwarding between various source and target nodes. The goal was to address certain MR-DC inter-system handover scenarios. An email discussion [6] was set up to collect the views from various companies. No consensus could be arrived at and the topic was left as to be continued; see [7]. Some companies had objections to the assumptions made in the contributions and were of the opinion that most of the issues can be resolved through OAM configuration and did not need any standards changes.
In this contribution we try to re-examine the various assumptions, the solutions they lead to, and whether there are any standards impacts.        
2 [bookmark: _Ref535308766][bookmark: _Ref535492080]DL direct data forwarding in NR SA to EN-DC HO    
In our previous contribution [4] in the last RAN3 #110-e meeting, we discussed signaling aspects to enable DL direct data forwarding from source NG-RAN node to the target SgNB in the case where the source node and the target SgNB are different NG-RAN nodes. If there is a direct path available from source NG-RAN node to the target SgNB, advantage can be taken of it by having source NG-RAN transmit data forwarding packets to target SgNB over the path without involving any intermediate node. We made the following set of assumptions.
Assumption Set A
Assumption 1: Source NG-RAN indicates in Handover Required (Direct Forwarding Path Availability IE) whether it has a direct path to the target MeNB.
Assumption 2: Target MeNB does not know, for a target SgNB, whether target SgNB has a direct path available to the source NG-RAN.
Also, source NG-RAN node cannot indicate if it has a direct path to the target SgNB using the Direct Forwarding Path Availability IE 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.
We thus had the following observation in the paper, which is reproduced below.
[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. 
Based on the assumptions and observation above, we proposed a solution in [4] for the signaling support to enable DL direct data forwarding from source NG-RAN node to the target SgNB. The solution involves standards changes. 
The proposals are as follows.
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. 
[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. 
A CR to TS 36.423 [8] was provided along with our contribution [4] in the last RAN3 #110-e meeting. The reader may refer to it to see the standards changes required for Proposals 1 and 2 [8]. 
Assumption 2 in the Assumption Set A was called into question in the email discussion in the last RAN3 #110-e meeting [6] by some companies who argued that OAM should be able to configure the target MeNB so that it knows, for a target SgNB, whether target SgNB has a direct path available to the source NG-RAN. We are then led to the next set of assumptions.  
Assumption Set B
Assumption 1: Source NG-RAN indicates in Handover Required (Direct Forwarding Path Availability IE) whether it has a direct path to the target MeNB.
Assumption 2: Target MeNB knows, for a target SgNB, whether target SgNB has a direct path available to the source NG-RAN.
With Assumption Set B and Observation 1, the following is a brief sketch of the procedure and the associated proposals. 
· 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.
· Since target MeNB knows whether the target SgNB has a direct forwarding path available to the source NG-RAN, for each E-RAB corresponding to SN terminated bearers, target MeNB adds an SN Direct Forwarding flag to the Handover Request Acknowledge message to MME if direct forwarding to target SgNB is applicable. The flag is used by the MME to determine whether core network (CN) tunnels for indirect forwarding to the target SgNB need to be established as part of the handover procedure.   
Proposal 4. In the Handover Request Acknowledge message to the MME, if direct forwarding to SgNB applies, target MeNB includes the following for each admitted E-RAB that is set up as an SN terminated bearer:
· TEID/TNL addresses provided by target SgNB;
· SN Direct Forwarding indicator.

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.
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.
Finally, it is also possible that OAM configures the source NG-RAN with information regarding whether direct path is available to target MeNB as well to target SgNB. Then we have the following assumption.
Assumption Set C
Assumption 1: Source NG-RAN node is configured with the information whether it has a direct path to the target MeNB as well as to potential target SgNBs.
In this case, the procedure described in Section 4.11.1.2.1, TS 23.502, can be reused and the only change required in the standards is the addition of direct forwarding indicators for potential target SgNBs in Handover Required message (some changes may also be required in the text description of the procedure).
Proposal 5. Source NG-RAN node includes direct forwarding indicators (Direct Forwarding Path Availability IEs) in Handover Required message for potential target SgNBs.
We again note that standards changes are required.
Observation 2. Based on Assumption Sets A, B, and C, the proposed solutions for the signaling support to enable DL direct data forwarding in NR SA to EN-DC HO involve standards changes. 
Target MN based indirect forwarding for target SN
In case there is a direct path from the source NG-RAN to target MeNB but not to target SgNB, it is possible to do data forwarding from source NG-RAN to target MeNB on the direct path and target MeNB then forwards to target SgNB. In this case, it seems to us that no standards changes are required. However, there may be significant performance impact and direct forwarding to target SgNB should be done whenever possible.
3 DL direct data forwarding in EN-DC to NR-SA HO
This handover scenario was studied in the contribution [5] to the last RAN3 #110-e meeting and a solution was proposed based on the following assumption.
Assumption Set A 
Assumption 1: Source MeNB does not know whether source SgNB has a direct path to the target NG-RAN.
It was proposed in contribution [5] 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. This was the only standards change proposed.
In the email discussion during the last RAN3 meeting #110-e [6], some companies had an objection to Assumption 1 stating that it should be possible for OAM to configure the source MeNB so that it knows whether source SgNB has a direct path to the target NG-RAN.
Assumption Set B 
Assumption 1: Source MeNB is configured with the information whether source SgNB has a direct path to the target NG-RAN.
Given Assumption 1, source MeNB includes direct forwarding indicators (Direct Forwarding Path Availability IEs) in Handover Required message, one for the source MeNB and another for the source SgNB.
In this case also, the procedure described in Section 4.11.1.2.1, TS 23.502, can be reused and there are changes required in the standards corresponding to the following proposals.
Proposal 6. Source MeNB includes a direct forwarding indicator (Direct Forwarding Path Availability IE) in Handover Required message for source SgNB.
Proposal 7. Upon receiving the data forwarding addresses in Handover Command message from the MME for SN terminated bearers during the HO procedure, source MeNB forwards the addresses to the source SgNB using SN Modification procedure.
[bookmark: _Hlk61449980]Observation 3. Based on Assumption Sets A and B, the proposed solutions for the signaling support to enable DL direct data forwarding in EN-DC to NR SA involve standards changes. 
4 DL direct data forwarding for inter-system handovers in MR-DC 
In the general inter-system Inter-MN handover, the target MN decides on whether to release the source SN, or to keep the source SN, or to change the SN.
The discussion for the case where target MN decides to release the source SN follows along the lines of the discussion for the EN-DC to NR SA case.
The case where the source SN is kept has already been discussed in RAN3; for example, see [2], [3].
We discuss here the case where SN is changed upon handover. 
As in the discussion in Sections 2 and 3 above, there are various possibilities.
1. Source MN is configured/not configured with the information whether there is a direct forwarding path to the target MN or the target SN.
2. Source MN is configured/not configured with the information whether there is a direct forwarding path from source SN to the target MN or the target SN.
3. Target MN is configured/not configured with the information whether there is a direct forwarding path from the target SN to the source MN or the source SN.
We saw examples of all the cases 1, 2, 3, in the discussion above. The discussion has shown that there are standards changes required for signaling support for DL direct data forwarding.  
5 Conclusions
[bookmark: _Hlk512894710]Based on the discussion in the paper, we have the following proposal.
Proposal. RAN3 to consider the various assumptions, based on possible OAM configurations, that are provided in the paper for direct data forwarding in inter-system handover scenarios, and to discuss on a way forward as to which assumptions are suitable.

Observation. Based on the assumptions, the proposed solutions for the signaling support to enable DL direct data forwarding all involve standards changes.
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