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1 Introduction 
In RAN2#82, C1 option for the C-plane architecture, where a single RRC is anchored at the MeNB, was selected as the way forward for dual connectivity. In RAN2#82bis further agreements were made regarding the interaction for control plane between MeNB and SeNB [1] as discussed below. It was also agreed to continue discussion for the user plane only for options 1A and 3C.
In RAN3#81bis, the functionality and procedures needed on the Xn interface to support C1 were discussed with the conclusion to continue defining the Xn functions in RAN3#82 [2].

In this document, we list the Xn functions needed to support C1 based C-plane for dual connectivity while considering both U-plane options being considered and propose that the procedures for these functions defined over the X2-AP.
2 Discussion

The agreements from the RAN2#82 for the C-plane are as follows [2]:
1. The MeNB maintains the RRM Measurement configuration of the UE and may, e.g. based on received measurement reports or traffic conditions or bearer types, decide to ask an SeNB to provide additional resources (serving cells) for a UE. 
2. Upon receiving the request from the MeNB, an SeNB may create the container that will result in the configuration of additional serving cells for the UE (or decide that it has no resource available to do so). 
3. MeNB and SeNB exchange information about UE configuration by means of RRC containers (inter node messages) carried in Xn messages. 
The SeNB may initiate a reconfiguration of its existing serving cells (e.g. PUCCH towards the SeNB, …)

4. FFS whether the MeNB requests the SeNB to release a serving cell for one of its UEs and the SeNB creates a container that will result in the release of a serving cell. Or whether the MeNB can by itself release a serving cell maintained by the SeNB. 
5. The MeNB does not change the content of the RRC Configuration provided by the SeNB. 
6. It is FFS whether the MeNB needs to comprehend or may reject the RRC Container received from the SeNB)
7. FFS how MeNB and SeNB “share” e.g. the L1 processing capabilities

The non-UE dedicated functionality (global procedures) supported by X2-AP can be reused for dual connectivity with possibly minor modifications. Here, we concentrate on the user functionality needed for dual connectivity. The emphasis is not on the actual procedures but more at stage-1 level since there are still RAN2 FFS items (such as MeNB comprehend or reject SeNB RRC messages) which can impact the optimal choices for the Xn procedures.

The UE dedicated functionality on Xn can be divided into three groups:
1 SeNB Addition/Removal
2 RRC Management
3 Scheduling Coordination
SeNB Addition/Removal
This involves adding and removing a SeNB for a user. Since it was already decided that a single RRM Measurement configuration will be maintained by the MeNB, it is reasonable that the decision for addition/removal of SeNB will be initiated by the MeNB such that the MeNB sends a request to the SeNB which can either reject the request or accept with the RRC message to be sent to the UE. We note that Addition of SeNB is similar to the intra-LTE handover and the current X2-AP Handover messages can be enhanced to support this. Furthermore, RRC Management procedures can be enhanced to support the Removal function. However, a single class 2 X2-AP procedure can be defined to support both Addition and Removal. If it is allowed for SeNB to request its removal, a separate class 1 procedure can be defined as well.
RRC Management

Based on the RAN2 agreements, the MeNB makes decisions for its own resources and sends the necessary RRC messages to the UE. It should also be aware of the RRC changes made by the SeNB to ensure that the configurations are consistent and UE capabilities are not exceeded.
RRC Management involves several elements:
a. RRC Message Exchange
b. Modification of E-RAB at the SeNB
c. Modification of SeNB Resources
For a), it is needed to send the RRC messages which originate at the SeNB and forwarded to the UE by the MeNB. Per RAN2 agreement, these will be exchanged within an RRC container. The functionality could be supported by a new class 1 X2-AP procedure. 
For b), the needed functionality is to enable adding and removing the E-RAB bearers served at the SeNB. This is needed for both UP Option 1A and 3C. The procedure could be MeNB sending the request based on UE traffic and loading of cells and SeNB accepting or rejection the request. The final RRC message sent to the UE may be included in the response message by SeNB or prepared and sent by the MeNB. We note that this function can be supported by a joint procedure for SeNB Addition/Removal.
For c), the needed functionality is to add and remove cells at the SeNB. The MeNB should be aware of the cell configuration at the SeNB in order to guarantee that the configuration is suitable (for example not using the same cell frequencies at both MeNB and SeNB for a user) and UE capabilities are not exceeded (for example not exceeding limit of 5 cells). It is FFS whether this can be decided by MeNB alone and/or based on negotiation between MeNB and SeNB. Depending on the decisions made later in RAN2, a class 1 or 2 procedure can be defined.  

Scheduling Coordination
The coordination between MeNB and SeNB is needed not to exceed UE’s L1 capability such as the maximum data rate. In addition, for UP Option 3C, coordination of UE power headroom and buffer status reports may be needed. For both U-plane Option 1A and 3C, the UE’s channel conditions at SeNB could also be useful in MeNB’s decision making, for example, for modifying the cells at the SeNB. This function can be enabled by a class 1 or 2 procedure, depending on the coordination decisions made in RAN2.
Based on the above discussion, the Xn functions needed are:
1. SeNB Addition/Removal
2. RRC Message Exchange
3. Modification of E-RAB at the SeNB
4. Modification of SeNB Resources
5. Scheduling Coordination
Proposal 1: Capture the proposed Xn functions in the TR 36.842

The necessary Xn functionality can be supported by either a new interface or by extending X2 where new X2-AP procedures are defined. 

As discussed above, each of these functions can be supported by a new X2-AP procedure or by modifying some of the existing ones. Further optimization of the messages by combining the common elements of procedures is expected to be done at stage-2 level. Since many of the X2 procedures are also complementary to or useful for dual connectivity (such as Resource Status Exchange, Status Transfer during changing SeNB), using X2-AP also enables to support all Xn functionality with a single interface. In addition, defining new interface requires unnecessary duplication of maintenance procedures such as Setup, Reset, and Error Handling. It has been observed in several contributions in RAN#81bis that the current X2 architecture can support Xn functions [3-4]
We also note that the peer-to-peer architecture of X2 is suitable for dual connectivity since Xn procedures are to be used to support the functionality with the RRC anchor MeNB and there is no need or requirement to define a new type of architecture. Based on these, we propose that:
Proposal 2: Extend X2-AP including new procedures to support the new Xn functions.
4 Conclusions

In this contribution, we discussed the necessary Xn control plane functions to support dual connectivity and argued that these can be enabled by extending the X2-AP. The proposals are:
Proposal 1: Capture the proposed Xn functions in the TR 36.842

Proposal 2: Extend X2-AP including new procedures to support the new Xn functions.
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