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1
Introduction

This document discusses several aspects of stage 3 implementation for Dual Connectivity. A first example implementations of dual connectivity functions in X2AP [1] can be found in [2].
2
Discussion
2.1
Setting up, maintaining and releasing X2-C signalling connections

Like for other procedures which provide functions for a specific UE, dual connectivity X2AP signalling functions will make use of UE-associated signalling:

A UE-associated X2-C signalling connection will be

-
set up at SeNB Addition, with an eNB UE X2AP ID IE provided to the SeNB through the SENB ADDITION REQUEST message, and eNB UE X2AP ID IE provided to the MeNB through the SENB ADDITION REQUEST ACKNOWLEDGE message.

-
maintained during the lifetime of the UE specfic X2-C signalling connection

-
released either through explicit SeNB Release signalling or through the X2AP Reset procedure, or locally when the X2-C SCTP signalling connection is broken.
2.2
Providing E-RAB QoS parameters to the SeNB in SeNB Addition and SeNB Modification

The SeNB Addition Preparation procedure will carry E-RAB Level QoS Parameters as signalled during the X2AP Handover Preparation procedure.

The MeNB Modification Preparation procedure may carry the E-RAB Level QoS Parameters, if the MeNB triggers the SeNB to change the QoS Parameters currently used for a bearer context. This might be the case due to E-RAB modification signalling stemming from the MME signalled via S1-MME, or, if the bearer context in the SeNB is configured with the split bearer option, through a change caused by an MeNB internal decision. 
2.3
Distinguishing SCG and split bearer option

The split bearer option will need an X2-U bearer to be setup. This requires, apart from signalling E-RAB Level QoS Parameters, the exchange of tunnel addresses. 

The latter step is not needed for the SCG bearer option, as a direct S1-U bearer will be established between the S-GW and the SeNB, which requires the transfer of the UL tunnel address at the S-GW, which was signalled via S1-MME.

Although there is no difference between the format of the tunnel endpoint address related IEs, it is proposed to explicitly distinguish the bearer options not only through (X2-AP-)transparent RRC containers which will not carry any PDCP configuration for the split bearer option.
2.4
Signalling tunnel addresses for data forwarding

Data forwarding will require the setup of DL and UL forwarding tunnels, if applicable. This is necessary if data forwarding is required at the transfer of a bearer context to or from an eNB involved in dual connectivity. The eNB to which the bearer context is transferred will provide the tunnel address(es).
2.5
Signalling RRC containers

RRC containers are included in following messages

-
SENB ADDITION REQUEST

-
SENB ADDITION REQUEST ACKNOWLEDGE

-
SENB RECONFIGURATION COMPLETE (in both, success and unsuccessful cases)

RRC containers may be included in following messages

-
SENB MODIFICATION REQUEST

-
SENB MODIFICATION REQUEST ACKNOWLEDGE

-
SENB MODIFICATION REQUIRED

-
SENB MODIFICATION CONFIRM

For now, no distinction is made between the different contents of the RRC containers, meaning no explicit reference to an inter-eNB RRC message is made. This may change later on.

At modification signalling, it may well happen that only RRC containers are exchanged without any other parameters affected. On the other side, it may also happen that no signalling with the UE takes place at all.
To differentiate between the two cases, the SeNB initiated SeNB Modification procedure needs to foresee an explicit UE confirmation indication in the SENB MODIFICATION CONFIRM message.

2.6
Signalling security related parameters (SCG bearer option)

For the SCG bearer option, like for X2 Handover, the UE security capabilities and the S-KeNB (the one derived from the KeNB) needs to be provided by the MeNB at setup of the first SCG bearer. Key changes on the fly necessitate to allow signalling of this part of the UE context during modification signalling.

2.7
Supervising functions (timer handling)
Like for X2 handover, we propose to define two timers for any dual connectivity related activity regarding SeNB Addition or SeNB Modification:

-
At the initiated of the preparation phase, the MeNB starts a TDCprep. When the preparation phase is completed, the TDCprep is stopped, if it expires, either, at addition, the MeNB triggers an SeNB Release (which would need to have a special handling implemented to carry only the eNB UE X2AP ID allocated by the MeNB).
-
When the SeNB either answers to the preparation or initiates a modification expecting a response from the MeNB, it starts the TDCoverall. When the SeNB receives the respective response, it stops the TDCoverall. If the TDCoverall expires, the SeNB shall regard the requested configuration as not applied by the UE may decide to release the UE context.
2.8
Interaction between SeNB Addition/Modification preparation and completion procedures

For MeNB initiated actions that require the trigger of the SeNB Configuration Completion procedure, stage 2 already provides example descriptions how those procedures interact.

Stage 3 wise, we decided in the example implementation [2] to specify a procedural interaction within the SeNB Addition Preparation and SeNB Modification Preparation procedures.
2.9
Non bearer context and non-security related UE context parameters
The UE context may contain
2.10
Use of the SN Status transfer procedure for dual connectivity related actions

Specification text will need to be modified for the SN Status transfer procedure, as currently the usage of the procedure is describe for handover only. This holds for the procedural text (8.2.2) and the section describing the message content in tabular format (9.1.1.4)
3
Proposal
It is proposed to discuss the aspects presented in this paper. It is further proposed to start discussions on the example implementation of DC specific X2AP signalling functions based on [2] and take it as a baseline for future work.
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