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1. Introduction
In RAN3#113-e meeting, we discussed on mobility between DC and SA and some agreements/WAs were reached. However, there are still some open issues left. In this contribution, we make further analysis and provide proposals accordingly.
2. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Discussion
2.1 Scenarios
In last RAN3 meeting, the agreement on scenarios are as below:
- Scenario 1: both MN and SN have direct forwarding
[bookmark: _GoBack]- 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.
It is still FFS on whether scenario 3, i.e. MN has no direct forwarding while SN has direct forwarding, should be supported. We would like to analyze the feasible optimization on data forwarding path for all the listed scenarios

	
	Current data forwarding path
	Optimal data forwarding path 

	Scenario 1
	MN terminated:Source MN->target node
SN terminated:Source SN->Source MN->target node
	MN terminated: Source MN->target node
SN terminated: Source SN->target node

	Scenario 2 
	MN terminated:Source MN->target node
SN terminated:Source SN->Source MN->target node
	No optimization could be done

	Scenario 3
	MN terminated:Source MN->S-GW->UPF->Target node
SN terminated:Source SN->Source MN->S-GW->UPF->target node

	MN terminated: Source MN->Source MN->Target node     or
Source MN->S-GW->UPF->Target node
SN terminated: Source SN->target node

	Scearnio 4 
	MN terminated:Source MN->S-GW->UPF->Target node
SN terminated:Source SN->Source MN->S-GW->UPF->target node

	No optimization could be done



From the figure above, it could be seen clearly that the optimization on scenario 1 is to avoid the involvement of MN for data forwarding between source SN and target node. However, in scenario 3,if the optimization could be supported, then it could avoid the allocation of data forwarding tunnel in both S-GW and UPF. Obviously, the optimization in scenario 3 is much more than in scenario 1.Based on that, we propose to support scenario 3 if the impact to specification is acceptable.
Proposal 1: Considering support of direct data forwarding between DC and SA in scenario 3 would bring much more benefit i.e. avoid the involvement of core network for data forwarding, it is proposed to support scenario 3 if the impact to specification is acceptable.

2.2 Solution for DC to SA
In last RAN3 meeting, the WA for DC to SA handover is as below:
WA: the option2/3 below could be pursued among the following options
· Option 2/3: source SN/target node - the source SN or the target NG-RAN node is configured by OAM with the direct forwarding path between itself and neighboring nodes. 
· In last RAN3 meeting, the proponent of option 3 propose to adopt option 3 with the reason that option 2 would bring extra delay.However,it is not the true and we would like to analysis case by case.
2.2.1 MR-DC connected with 5GC to SA

For MR-DC connected with 5GC to SA, the data forwarding proposal for flows terminated in SN node is decided by SN node which means MN would initiate a SN modification procedure to ask for the data forwarding proposal from SN node before the handover preparation procedure. In current 37.340,there is following description 
The source MN may trigger the MN-initiated SN Modification procedure (to the source SN) to retrieve the current SCG configuration and to allow provision of data forwarding related information before step 1.
Since anyway MN would trigger the MN-initiated SN Modification procedure to allow SN to provide data forwarding proposal, the procedure could just be reused to let SN inform MN of the direct data forwarding tunnel availability between source SN and target MN.

Observation 1:No matter option 2 or option 3 is adopted, MN would anyway trigger the MN-initiated SN Modification procedure to allow SN to provide data forwarding proposal before handover initiation, no extra delay would be introduced for option 2.

Then we further analyze whether/how the two options applied in all scenarios. It is common understanding that both of the options could support direct data forwarding for SN, so the analysis could just focus on scenario 3.To facilitate the discussion, scenario 3 is further divided into 2 scenarios.
Scenario 3a: Only flows terminated in SN node needs to do data forwarding
For this scenario, since there is direct data forwarding path between source gNB and target node, the source MN would set the direct data forwarding path availability IE as available in Handover Required message. When SMF receives this information, it would not allocate the N3 UP address and Tunnel IDs for indirect data forwarding and just forward the UP address and Tunnel ID for direct data forwarding allocated in Target gNB. After source MN receives the target data forwarding address and tunnel ID included in Handover Command message, it would send directly to Source SgNB and SgNB would forwards the data to target gNB according to the received address and tunnel ID.


To support the above procedure with option 2, the only change to the specification is to introduce target node ID IE in SgNB Modification Request message and introduce direct data forwarding path availability IE in SgNB Modification Response message.
Observation 2: In scenario 3a, current option 2 could support direct data forwarding between source SN and target node.
On the contrary, in Option 3,since MgNB would set the direct data forwarding availability IE only based on the connectivity between source MeNB and target node,it would not include the Direct Forwarding Path Availability. Then, only indirect data forwarding could be implemented which is not optimal. What’s more, as described in 23.502, in this case, if there is also no indirect data forwarding connectivity between source and target, SMF would inform target node that data forwarding is not possible. The paragraph is copied as below:
If the N2 SM information received at step 4 does not include the Direct Forwarding Path Availability and the SMF knows that there is no indirect data forwarding connectivity between source and target, the N2 SM Information includes a Data forwarding not possible indication.
Observation 3: In scenario 3a, current option 3 could not support direct data forwarding between SN and target node. If there is no indirect data forwarding path available in core network, data forwarding between source and target node could not be supported.

Based on observation 1,2 and 3,we propose to adopt option 2 for MR-DC to SA handover scenario which could support scenario 1,2 and 3A.
Proposal1: It is proposed to  adopt option 2 for MR-DC to SA handover scenario which could support scenario 1,2 and 3A.

Scenario 3b: DRB terminated in both MN node and SN node needs to do data forwarding
In this scenario, with existing option 2,direct data forwarding could not be supported for all DRBs since direct data forwarding path is not available between source MN and target node. There are several ways to resolve the problem with further enhancement on option 2.
Solution 2a:One possible enhancement is Source MN still inform SMF direct data forwarding path is available to avoid the involvement on UPF in data forwarding. Souce MN forwards the data via Source SN,i.e. the data forwarding path for MN terminated DRB is Source MN->Source SN->target node and the data forwarding path for SN terminated DRB is Source SN->target node.The impact on the specification on top of current option 2 is to introduce a new procedure which allows MeNB to request SgNB to allocated Xn UP address and Tunnel IDs as the intermediate node of data forwarding between Source MeNB and target node. For this solution ,the change is within RAN domain and no CN impact
Solution 2b: Another possible enhancement is that Source MN inform SMF of the availability of direct data forwarding path per DRB/flows and then SMF allocate indirect data forwarding path for specific flows. Then the direct data forwarding path for MN terminated DRB is Source MN->UPF->target node and the data forwarding path for SN terminated DRB is Source SN->target node. This solution would impact core network.

Observation 4: In scenario 3b, option 2 could be further enhanced to support direct data forwarding between Source and target node. There are solutions which has no CN impact and also solution which has CN impact.

We are open to further discuss whether to enhance solution 2 to 2a or 2b to support scenario 3b
Proposal2: It is proposed for RAN3 to discuss whether/how to enhance option 2 to support scenario 3B.

2.2.2 Handover from EN-DC to SA

For handover from EN-DC to SA, the situation is a little different with the scenario of MR-DC connected with 5GC to SA handover. The main difference is that in EN-DC, the data forwarding proposal for all E-RABs are decided by MN node. So, it is not necessary for the MeNB to query the data forwarding proposal towards SN. With that, there are some doubts that option 2 would bring handover delay.
In fact, it is not true. Whether there would be extra delay depends on the scenarios. If MeNB itself already have direct data forwarding path with target node i.e. in scenario 1&2, the MeNB could just directly set the direct data forwarding path availability IE as available without query SN node. After MeNB initiated handover procedure, it could ask SN of the connectivity with target node to know whether it should forward the UP address and tunnel ID of target node or the data forwarding UP address and tunnel ID of itself to SgNB. The procedure just as figure 2 depicted



Observation 5：In scenario 1&2, both option 3 and option 2 could support direct data forwarding between source and target without any extra delay.

However, if MN does not have direct data forwarding with target node i.e.in scenario 3, it has to query SN before handover initiation and there would be extra delay. This would depends on the decision of MN itself.MN could decide to support direct data forwarding by query SN before handover or only adopt indirect data forwarding with existing procedure. Similarly, scenario 3 could be further divided into scenario 3a and scenario 3b and the corresponding solutions are also similar.
Observation 6：In scenario 3a, current option 2 provides solutions for direct data forwarding between source and target which may bring handover delay. MeNB could make decision on whether to adopt this option based on the realistic scenarios. 
Observation 7: In scenario 3a, current option 3 could not support direct data forwarding between SN and target node. If there is no indirect data forwarding path available in core network, data forwarding between source and target node could not be supported.

Based on observation 1,2 and 3,we propose to adopt option 2 for EN-DC to SA handover scenario which could support scenario 1,2 and 3A.

Proposal3: It is proposed to  adopt option 2 for EN-DC to SA handover scenario which could support scenario 1,2 and 3A.

On the solutions to support scenario 3B, it is very similar with MR-DC connected with 5GC to SA handover scenario. So, the observation is also the same
Observation 8: In scenario 3b, option 2 could be further enhanced to support direct data forwarding between Source and target node. There are solutions which has no CN impact and also solution which has CN impact.

We are open to further discuss whether to enhance solution 2 to 2a or 2b to support scenario 3b
Proposal4: It is proposed for RAN3 to  discuss whether/how to enhance option 2  to support scenario 3B.

2.3  Solution for NR SA to EN-DC Handover/NR SA to MR-DC connected with 5GC handover 
In last RAN3 meeting, the WA for the above case is 
WA: the option 3 below could be pursued between the following options.  
· Option 2: target MN - the target MeNB is configured by OAM with the direct forwarding path availability information between the neighboring source nodes and the neighboring target SgNB nodes (i.e. not relevant to itself).
· Option 3: target SN - the target SN is configured by OAM with direct forwarding path availability information between itself and neighboring source nodes
We propose to keep the WA and go for option 3.
Proposal 4: It is proposed to adopt option 3 for NR SA to EN-DC Handover and handover from NR SA to MR-DC connected with 5GC.
3. Conclusion
For scenarios that should be supported:

Proposal 1: Considering support of direct data forwarding between DC and SA in scenario 3 would bring much more benefit  i.e. avoid the involvement of core network for data forwarding, it is proposed to support scenario 3 if the impact to specification is acceptable.

For MR-DC connected with 5GC to SA:

Observation 1:No matter option 2 or option 3 is adopted, MN would anyway trigger the MN-initiated SN Modification procedure to allow SN to provide data forwarding proposal before handover initiation, no extra delay would be introduced for option 2.
Observation 2: In scenario 3a, current option 2 could support direct data forwarding between source SN and target node.
Observation 3: In scenario 3a, current option 3 could not support direct data forwarding between SN and target node. If there is no indirect data forwarding path available in core network, data forwarding between source and target node could not be supported.

Proposal2: It is proposed to adopt option 2 for MR-DC to SA handover scenario which could support scenario 1,2 and 3A.The CR for Xn is in [1].

Observation 4: In scenario 3b, option 2 could be further enhanced to support direct data forwarding between Source and target node. There are solutions which has no CN impact and also solution which has CN impact.

Proposal3: It is proposed for RAN3 to discuss whether/how to enhance option 2 to support scenario 3B.

For EN-DC to SA:
Observation 5：In scenario 1&2, both option 3 and option 2 could support direct data forwarding between source and target without any extra delay.
Observation 6：In scenario 3a, current option 2 provides solutions for direct data forwarding between source and target which may bring handover delay. MeNB could make decision on whether to adopt this option based on the realistic scenarios. 
Observation 7: In scenario 3a, current option 3 could not support direct data forwarding between SN and target node. If there is no indirect data forwarding path available in core network, data forwarding between source and target node could not be supported.

Proposal4: It is proposed to adopt option 2 for EN-DC to SA handover scenario which could support scenario 1,2 and 3A.The CR for X2 is in [2]

Observation 8: In scenario 3b, option 2 could be further enhanced to support direct data forwarding between Source and target node. There are solutions which has no CN impact and also solution which has CN impact.

Proposal5: It is proposed for RAN3 to discuss whether/how to enhance option 2 to support scenario 3B.

For SA to EN-DC and SA to MR-DC connected with 5GC handover:
Proposal 4: It is proposed to adopt option 3 for NR SA to EN-DC Handover and handover from NR SA to MR-DC connected with 5GC.
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