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1   Introduction
In last RAN3#87 meeting, some agreements on handover enhancement scenarios and solutions in dual connectivity were achieved. However, some open issues are still FFS in [1]. 

· For inter-MeNB handover without SeNB change

·  Whether the reference to the UE context in the SeNB will be provided with the SeNB UE X2AP ID or the C- RNTI allocated by the SeNB?
·  Whether SeNB Modification Request or another X2AP message can be used in step 2 instead of SeNB Addition Request?
·  Whether the target MeNB may indicate to the source MeNB that the SeNB is kept so that the source MeNB can skip the SeNB release procedure in step 5 and UE context release procedure in step 18?

·  What’s the data forwarding in this scenario, and whether it is possible to omit data forwarding for SCG bearer?
· For inter-MeNB handover with SeNB addition

·  Whether direct data forwarding from the eNB to target SeNB is possible?
In this paper, we try to discuss the above issues in details, and provide our opinions.

2   Discussion
2.1   Inter-MeNB handover without SeNB change solution
As described in [1], the general procedure for inter-MeNB handover without SeNB change is as follows: 
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1. Handover Request

4. Handover Request Acknowledge

6. RRCConnectionReconfiguration

8. RRCConnectionReconfigurationComplete

17. UE Context Release

13. Path Switch Request

16. Path Swtich Request Acknowledge

14. Bearer Modication

15b. New Path(SCG bearer)

7.Random Access Procedure

11. SNStatus Transfer

18. UE Context Release

2. SeNB AdditionRequest

3. SeNB AdditionRequest Ack

15a. New Path

12. Data Forwarding

9. RandomAccess Procedure

10. SeNB Reconfiguration Complete

5. SeNB Release Request


Figure 1 Inter-MeNB handover without SeNB change
As shown in the above figure, if T-MeNB decides to keep the SeNB during handover, T-MeNB will send a message to the SeNB. Whether the message is SeNB addition request or SeNB modification request is still FFS. 

SeNB Addition vs. SeNB Modification

It is FFS that whether SeNB Modification Request or another X2AP message can be used in step 2 instead of SeNB Addition Request.
From UE’s perspective, the inter-MeNB handover without SeNB change should be achieved by SCG change procedure, which is same with intra-MeNB handover. Currently only the SeNB Modification procedure supports SCG change. If the SeNB Addition procedure is used for the purpose of SCG change, more evaluation is needed.

During the handover procedure, it is possible that the T-MeNB rejects some SCG or split bearer or the T-MeNB decides to perform bearer type change, e.g. from SCG bearer to MCG bearer. In this case, bearer type change or E-RAB release needs to be performed in the step 2 and step 3. The SeNB Addition procedure is not possible to implement the E-RAB Release or bearer type change in the SeNB.
Based on the above analysis, we think the SeNB modification procedure is more suitable than the SeNB addition procedure for keeping the SeNB unchanged during inter-MeNB handover.
Proposal 1: Use SeNB Modification procedure in the step 2 and step 3.

In order to support Proposal 2, the following three aspects should be noted.

SeNB UE X2AP ID V.S. the C- RNTI 

Currently, the MeNB UE X2AP ID IE and SeNB UE X2AP ID IE are mandatory in the SENB MODIFCATION REQUEST message, which are used to identify a specific UE in the interface between SeNB and MeNB. 
In order that the T-MeNB may include the SeNB UE X2AP ID IE in the SENB MODIFCATION REQUEST message and the SeNB identify the UE, it is necessary to include the SeNB UE X2AP ID allocated at the SeNB in the Handover Request message from S-MeNB to T-MeNB.  In this case, the C-RNTI is not needed any more.
Proposal 2: The SeNB UE X2AP ID allocated by SeNB is needed in Handover Request message. 

Based on Proposal 1 and Proposal 2, the SeNB UE X2AP ID allocated at the SeNB in the source side and the MeNB UE X2AP ID allocated by the T-MeNB shall be included in the SeNB MODIFICATION REQUEST message. Then the procedure shall fail due to the AP ID handling as specified in section 10.6 of the TS 36.413. In order to avoid failure, some enhancement is needed, e.g. adding a new IE to identify that the duplicated AP ID is due to inter-MeNB handover without SeNB change. And then the SeNB uses the newly received MeNB UE X2AP ID instead of the old one.

Proposal 3: A new IE in the SeNB MODIFICATION REQUEST is needed to identify the procedure is triggered due to inter-MeNB handover without SeNB change.
Data Forwarding

For the SCG bearer option, if the bearer type is unchanged in the SeNB, that means, the tunnel established between SeNB and SGW can be kept unchanged, as well as the radio link between UE and SeNB. Therefore, the SeNB does not need to perform DL and UL data forwarding during inter-MeNB handover for the unchanged SCG bearers. 

Proposal 4: There is no need to perform data forwarding for the unchanged SCG bearers.

For the split bearer option, since the KeNB shall be changed in the T-MeNB, the buffering DL data in the SeNB should be re-encrypted in the T-MeNB. Then the data forwarding is needed even if there is no bearer type change.

For SCG bearer option with bearer type change, the data forwarding is clearly needed.
Proposal 5: The data forwarding is necessary for the SCG bearer option with bearer type change and may be needed for the split bearer option.
A new indication from T-MeNB to S-MeNB
As describe in [2], upon reception of SeNB release request message the SeNB shall stop providing user data to the UE and trigger data forwarding operation to MeNB. From a security perspective, SeNB needs to update the security key when handing over from S-MeNB to T-MeNB. If SeNB release request message in step 5 does not exist, SeNB is unable to know when to transmit data with UE by using the new key. Therefore, the SeNB release procedure in step 5 is always needed.

Proposal 6: The SeNB Release Request message in step 5 is needed during inter-MeNB handover without SeNB change.

Because SeNB modification procedure is used in step 2/3, that means, only one UE context is established at SeNB, so the UE context release procedure in step 18 is not needed. In order to avoid the S-MeNB triggers the UE context release procedure, a new indication is needed for the target MeNB indicating to the source MeNB that the SeNB is kept and the Step 18 is skipped.
Proposal 7: The target MeNB indicates to the source MeNB that the SeNB is kept so that the source MeNB can skip UE context release procedure in step 18.
2.2   Inter-MeNB handover with SeNB addition solution
As described in [1], the general procedure for inter-MeNB handover with SeNB addition is as follows: 
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1. Handover Request

4. Handover Request Acknowledge

5. RRCConnectionReconfiguration

7. RRCConnectionReconfigurationComplete

16. UE Context Release

12. Path Switch Request

15. Path Swtich Request Acknowledge

13. Bearer Modication

14b. New Path(SCG bearer)

6.Random Access Procedure

10. SNStatus Transfer

2. SeNB AdditionRequest

3. SeNB AdditionRequest Ack

14a. New Path

11. Data Forwarding

8. RandomAccess Procedure

9. SeNB Reconfiguration Complete


Figure 2 Inter-MeNB handover with SeNB addition

During inter-MeNB handover with SeNB addition, whether the bearer type is changed or not is determined by T-MeNB and eNB is unable to know it, so it is difficult for eNB to decide one bearer data is forwarded to T-MeNB or forwarded to T-SeNB directly. 

There are two possible solutions to solve the data forwarding problems in this scenario:

Solution 1: T-MeNB tells eNB whether the bearer type is changed during handover.

In solution 1, if the bearer type is changed, eNB should also know whether the bearer type is changed into SCG bearer. If yes, eNB can forward data to T-SeNB directly, otherwise, it can forward data to T-MeNB. But in this case, some new parameter needs to be added in Handover Request Acknowledge message. 
Solution 2:  eNB only forwards data to T-MeNB.

In solution 2, it’s unnecessary for eNB to know the information of bearer type change. The eNB only forwards data to T-MeNB, and T-MeNB decides whether the data is needed to further forward to T-SeNB.
Based on the above analysis, solution 2 is simpler, and has no impact on the standard. Therefore, we propose:

Proposal 8: It is no needed to support the direct data forwarding from eNB to T-SeNB. 

3   Summary
In this paper, we discuss the open issue on inter-MeNB handover in DC. Based on the above analysis, we have following and proposals:

Proposal 1: Using SeNB Modification procedure in the step 2 and step 3.

Proposal 2: The SeNB UE X2AP ID allocated by SeNB is needed in Handover Request message. 

Proposal 3: A new IE in the SeNB MODIFICATION REQUEST is needed to identify the procedure is triggered due to inter-MeNB handover without SeNB change.

Proposal 4: There is no need to perform data forwarding for the unchanged SCG bearers.

Proposal 5: The data forwarding is necessary for the SCG bearer option with bearer type change and may be needed for the split bearer option.

Proposal 6: The SeNB Release Request message in step 5 is needed during inter-MeNB handover without SeNB change.

Proposal 7: The target MeNB indicates to the source MeNB that the SeNB is kept so that the source MeNB can skip UE context release procedure in step 18.

Proposal 8: It is no needed to support the direct data forwarding from eNB to T-SeNB. 

4   Reference

[1] TR 36.875, “Extension of Dual Connectivity in EUTRAN”, Release 13.
[2] TS 36.423, “X2 application protocol (X2AP)”, Release 12.
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