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1 Introduction
RAN2 is leading the ongoing Study Item on Small Cell Enhancements and has already reached some conclusions. 
Main conclusions related to the dual connectivity in RAN2 are so far:

·  use one S1-MME per UE,
· RRC to UE centralized in MeNB 

In parallel RAN3 is tasked to work on signalling flows at this RAN3#82 meeting.
This paper takes these RAN2 decisions into account and proposes corresponding signalling flows for the network interfaces associated with the dual connectivity option 1A.
2 Description

The following figure recalls the protocol architecture associated with the dual connectivity option 1A:
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RAN2 has decided on S1-MME per UE. This means that there is a single instance of the S1-MME interface between the RAN and the MME for each UE. This means that an S1-MME instance in the MeNB will serve the UE for both the macro eNB and the small eNB.

Here-below two signalling flows are presented corresponding to two typical scenarios:

· Scenario 1: E-RAB Setup while in dual connectivity operation
In this scenario 1, some data radio bearers of the UE are already under the SeNB.

The handling of the S1-MME messages for the UE in the MeNB will depend on the S1AP messages being received.
The E-RAB Setup message:  

When a new E-RAB needs to be established, the macro eNB receiving the E-RAB Setup Request from the MME will need to make the decision whether that E-RAB will be handled locally or offloaded to the SeNB. If the decision is to offload to the SeNB, the S1AP E-RAB Setup message can be relayed to the SeNB, keeping the IP@, UL TEID of the SGW unchanged in it. At the SeNB receiving the E-RAB Setup message, the radio data bearer corresponding to that E-RAB will be configured and a downlink IP@, TEID for S1-U selected. 
The E-RAB Setup Response will be answered by the SeNB to the MeNB newly including a radio container containing the radio configuration setup in the SeNB. The MeNB uses that radio container to build an RRC message RRC Reconfiguration Request to deliver the suitable radio bearer configuration to the UE.
Finally the MeNB acknowledges the bearer activation to the MME leaving unchanged the IP@, DL TEID received from the SeNB. Upon receiving the Direct Transfer message from the UE (Session Management Response) the MeNB sends an UL NAS Transport message to the MME

The signalling flow corresponding to that scenario is shown here-below:

[image: image2.emf]Small eNB

UE

Marco eNB MME

Bearer Setup Req/

Session Management Req

Bearer Setup Response

RRC connection reconfiguration

(incl DRB configuration)

RRC connection reconfiguration complete

Direct Transfer

Bearer Setup Req

Bearer Setup Response

Session Management 

Response

Offload decision


Fig. 1 E-RAB Setup Procedure while in dual connectivity option 1A
Proposal 1: for UP architecture 1A, the E-RAB Setup signalling flow can be easily derived from legacy. It is proposed to capture the above signalling flow of E-RAB Setup in option 1A within the TR.
· Scenario 2: UE moves into dual connectivity operation: Bearer Offload procedure
A second typical scenario is related to the situation where the UE is active under the MeNB and enters the coverage of the SeNB. At some point in time the MeNB can decide to offload some of the E-RABs already established. In this scenario, it seems that the legacy X2 handover procedure could also simply be re-used to a large extent with slight modifications in order to offload the data radio beraers.
The MeNB can simply use a new procedure derived from the X2 handover (the “data handover procedure”) whereby only the configuration of the data radio bearers involved in the offload is transferred to the SeNB.
This “X2 data handover” procedure only exchanges data bearer information in the X2 data handover request/response messages and ends with a S1-U switch procedure (S1-U Switch Request/Response messages) towards the MME similar to the existing Path Switch Request of the X2 handover, but which newly only updates the S1-U and keeps unchanged the S1-MME. The whole signalling flow is shown here-below. 
This means that the MME will keep the MeNB ID as RAN anchor node for the S1-MME termination while initiating the legacy data path switch request to the SGW (Modify Bearer Request/Response) in order to switch the user plane directly between the SeNB and the SGW. Similarly when the UE moves out of the small cell back to the macro cell, the same data handover procedure can be used in the other direction. The offloaded bearers are thus switched back and forth in a seamless handover procedure (almost no interruption) and keeping the control plane anchor unchanged at the MeNB. 
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Fig. 2 X2 “offload” or “data handover” procedure in dual connectivity option 1A
Proposal 2: for UP architecture 1A, the existing X2AP handover signalling flow could be reused with some slight modifications when the UE moves into dual connectivity operation i.e. when the MeNB decides to offload some bearers. It is proposed to capture the above signalling flow for the “offload” or “data handover” procedure in dual connectivity option 1A within the TR.
3 Conclusion and Proposal
This paper has presented two signalling flows associated with architecture 1A for two typical scenarios: E-RAB Setup procedure, Offload of data bearers. It makes the following proposals:
Proposal 1: for UP architecture 1A, the E-RAB setup signalling flow can be easily derived from legacy. It is proposed to capture the above signalling flow of E-RAB Setup in option 1A within the TR.

Proposal 2: for UP architecture 1A, the existing X2AP handover signalling flow could be reused with some slight modifications when the UE moves into dual connectivity operation i.e. when the MeNB decides to offload some data bearers. It is proposed to capture the above signalling flow for the “Offload of data bearers” or “data handover” procedure in dual connectivity option 1A within the TR.
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