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1
Introduction
At RAN#66 a new study has been approved in [1] on Extension of Dual Connectivity in EUTRAN. This new study basically captures topics that were not handled during Rel-12 due to lack of time.

One topic is the support of inter-MeNB HO without the necessity to first switched back SeNB resources to MeNB if the SeNB resources could be kept.

This paper studies relevant solutions.
2
Analysis of Inter-MeNB Handover without SeNB change.
Significant for this scenario is the fact that the anchor point is moved from the S-MeNB to the T-MeNB. It would be straight forward to perform this by utilising existing X2 handover signalling. As the UE context in the SeNB is kept, it is expected that SeNB related information would need to be transferred between the involved MeNBs.

This scenario can happen in between MeNB coverage areas, where a SeNB area spans across the overlapping macro area. 

We regard respective solutions as being quite straight forward and would like to first present an outline of the principles along which we have tried to develop an overall signalling flow:

-
Basic X2 HO takes place from the Source MeNB to the Target MeNB

-
A new X2 signalling connection needs to be established from the Target MeNB to the SeNB, while a user context already exists at the SeNB; therefore the Source MeNB needs to provide a reference to the UE context at the SeNB (eNB UE X2AP ID) via the Target MeNB to SeNB.
-
If the E-RABs for which dual connectivity is applied are configured with the SCG bearer option, the T-MeNB would need to receive information about the DL TEIDs of the S1-U, as those need to be communicated within the S1 Path Switch Request procedure. As the T-MeNB would receive this information during the SeNB Addition procedure on the target side there is no need for additional IEs. 
-
As for the SCG-bearer option the S-KeNB is derived from the K(M)eNB, a new S-KeNB would need to be generated by the Target MeNB.
-
The Source MeNB provides the Target MeNB within the HandoverPreparationInformation with MCG and SCG related information.
-
It is expected, that typically, the SeNB configuration can be kept as allocated before the inter-MeNB HO, but given changes to the MCG configuration at the Target MeNB, the SeNB might change the SCG configuration as well.

-
2 random access procedures would need to be performed (one for MCG, one for SCG). Interaction between the RRC reconfiguration procedure and the random access for the MCG would work as for a normal handover, i.e. the random access would need to be successfully performed before the UE completes the reconfiguration. This is not necessary for the random access towards the SCG.
Observation 1:
2 Random Access procedures are performed. The one for MCG would need to be performed before the completion of the RRC Connection Reconfiguration procedure.
-
Data forwarding:

-
Data forwarding is necessary for user data stemming from MCG bearers and split bearers where PDCP PDUs are kept in the MeNB until they are acknowledged by the SeNB.

-
It is expected, that no data forwarding is necessary for SCG bearers.
-
For split bearers w/o MeNB buffering, data forwarding needs to be performed as well as the PDCP entity in the MeNB would need to be reset or suspended and the inter-MeNB HO would result in different PDCP headers and user data ciphering (although this creates a seemingly unnecessary data forwarding loop via Source/Target MeNB).
-
For split bearers, the SeNB would need to know when to switch to DL data arriving from the T-MeNB. One possibility would be to do so when the first packet arrives from the T-MeNB, which should be easily detectable by examining the source Transport Layer Address that is sent along with the GTP-U packet. Most comfortable would be of course an indication on GTP-U or even X2-UP level. But this detail could be left FFS and decided during the WI phase.
Observation 2:
How the SeNB knows for split bearers when to switch to DL data arriving from the T-MeNB needs to be further studied.
-
Path Switch: The T-MeNB would trigger the S1 Path Switch Request procedure, which would typically contain new DL TEIDs for MCG and split bearers and unchanged DL TEIDs for SCG bearers. S-GW relocation may occur during the path switch.

Observation 3:
The S1 Path Switch procedure is used, for which no restriction w.r.t. S-GW relocation exists.
-
The release of the old X2 UE specific signalling association between Source MeNB and SeNB is performed via normal SeNB Release procedure & UE Context Release (to cope with current protocol principles).
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Figure 1: inter-MeNB HO without SeNB change

The overall procedure consists of the following steps:
1.
The Handover Request message in step 1 carries the HandoverPreparationInformation containing, among others, S-MeNB and SeNB related configuration information. In order to enable the T-MeNB to connect to the proper SeNB the SeNB ID and the source side SeNB UE X2AP ID needs to be provided as well.
New IEs in Handover Request:
-
source side SeNB UE X2AP ID 

-
SeNB ID.

2./3.
The SeNB Addition procedure doesn’t actually add SeNB resources; it basically establishes the X2 signalling connection between the T-MeNB and SeNB. In case SeNB bearers are configured with the direct S1-U bearer option, a new security context would need to be established, as security material should be derived from the T-MeNB 

New IE in SeNB Addition Request :

-
source side SeNB UE X2AP ID
4.
The T-MeNB provides MCG and SCG related configuration information transparently to the S-MeNB within the Handover Request Acknowledgment message.
5.
The S-MeNB sends the RRCConnectionReconfiguration message to the UE.

6. 
The UE performs the random access procedure towards the T-MeNB.
7.
The UE completes the RRC connection reconfiguration procedure.

8.
Upon receipt of the RRCConnectionReconfigurationComplete message from the UE, the T-MeNB sends the X2 SeNB Reconfiguration Complete message to the SeNB to indicate that the configuration requested by the SeNB was applied by the UE.

9.
The UE performs Random Access for MCG and SCG resources.
Note:
Step 9. can be performed any time after step 5.

10.
The S-MeNB requests the release of the UE specific signalling connection towards the SeNB is released.
11.-18. path switch and, if applicable, data forwarding takes place 

Data forwarding addresses might have been exchanged in steps 1 and 4, in which case data forwarding could start earlier as shown above. Path switch could be triggered after random access for MCG has been performed. The exact timing is implementation specific as for X2 handover.
19./20. UE Context Release :The T-MeNB releases the X2 signalling connection towards the S-MeNB, as for any normal X2 HO. After that the S-MeNB sends the final UE Context Release to the SeNB.
3
Conclusion
In this paper an analysis of the Inter-MeNB mobility while keeping the SeNB studied. It has been shown that this scenario can be supported by basic DC signalling but support of this scenario would touch X2 interface signalling for X2HO.
Observation 1:
2 Random Access procedures are performed. The one for MCG would need to be performed before the completion of the RRC Connection Reconfiguration procedure.
Observation 2:
How the SeNB knows for split bearers when to switch to DL data arriving from the T-MeNB needs to be further studied.
Observation 3:
The S1 Path Switch procedure is used, for which no restriction w.r.t. S-GW relocation exists.
Observation 4:
Inter-MeNB mobility while keeping the SeNB is feasible and would require stage 2 and stage 3 work.
Proposal 1:
Capture chapter 2 in the planned TR for this study item

Proposal 2:
Liaise with RAN2 and ask for comments on the approach, especially to check whether respective inter-eNB signalling is in place to support this scenario.
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