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1 Introduction

C-plane and U-plane separation is one of the proposals to be further study in supporting dual connectivity. When considering C-plane and U-plane separation, the C-plane (RRC protocol) is assumed to be located in Macro cell and all RRC signaling is assumed to be generated and transmitted through Macro base station. C-plane protocol architecture proposals during RAN2#81 also assume the above. However we think the location of RRC protocol and the decision on C- plane U-plane separation requires further discussion. This contribution attempts to analyze the control plane protocol structure for the dual connectivity support and provides our view on this topic. 
2 Discussion
The UE’s communication with at least two base stations which are connected together by non-ideal backhaul is enabled with the dual connectivity support.  RRC signaling requires reliable transmission. Regarding the RRC protocol supporting dual connectivity, it has been proposed to be only located at Macro cell to realize the C-plane and U-plane separation. 

Regarding RRC functionality, at a high level, following two types of procedures can be classified:

· Type1: Procedures/functionalities which are only related to RRC connection but not related to specific base station operation, such as RRM related procedures, RAB set up etc. 
· Type2: Procedures/functionalities which are closely related to specific base station operation, such as lower protocol layer parameter configurations. The scheduling related parameters, which are closely related to scheduling procedures are configured by RRC message. These parts of parameters will be dynamically changing which needs to be signaled to the UE and it is important to have guaranteed confirmation from the UE quickly. For example, there are some radio configured parameters, which could be configured by small cells individually, such as those newly agreed UE-specific parameters in R11 to configure L2, CA and ePDCCH, etc. Below table 1 explanatorily summarize some new RRC parameters for UL CoMP implementation [1].
	Parameter name
	Description

	NIDPUSCH
	Virtual cell ID for initialization of group hopping, sequence hopping and sequence shift pattern of PUSCH DMRS.

	NIDcsh-DMRS
	Virtual cell ID for initialization of cyclic shift hopping of PUSCH DMRS.

	NIDPUCCH
	Virtual cell ID for initialization of base sequence and cyclic shift hopping of PUCCH

	PSRS_OFFSET,c(0), PSRS_OFFSET,c(1)
	Power offsets for periodic and aperiodic SRS power control

	N(1)PUCCH
	A new UE-specific PUCCH AN resource offset associated with PUCCH VCID


If the RRC protocol is only located at macro base station, then all the above two types of RRC signaling will need to be transmitted in Macro cell. 
Regarding Type1 which is only linked to the RRC and S1-C connection but not related to different base station operation, it is beneficial to locate these functions in Macro base station. Note that macro eNB and cell can act as the mobility anchor in some deployment scenarios to enable efficient and in reliable mobility control. 
Type2 RRC parameters are dependent on the specific base station operation, such as parameters configuration related to lower layer protocols at the specific base station. Macro base station and small base station may have different configured parameters for Type 2 parameters. Moreover Type2 parameters may require modification and the parameter configuration in the two cells may vary independent to each other. Therefore Type2 can be further separated considering the associated eNB. One set refers to parameter configuration enabling Macro base station operation while other set refers to parameters targeting small cell operations.  Further, providing these parameters directly to the UE from the small cell and receiving ack directly from the UE to the small cell eliminates the delays associated with the non-ideal backhaul and avoids the need for the Activation time concept (something LTE has tried to avoid introducing).


Taking into account above discussions, the issue is how to design RRC protocol? Following options can be considered:

· Option 1: centralized RRC: RRC protocol is only located at Macro base station,
· Option 2: distributed RRC: RRC protocol is distributed in macro and small cell eNB.

These potential two options are discussed below separately. 
2.1 Option 1: centralized RRC located at macro eNB 

In this option, there is no RRC protocol located at small cell eNB and RRC protocol is only located at and transported over macro eNB. This option supports the C-plane and U-plane separation.  Type1 parameters and type2 parameters corresponding to the macro cell are available at the macro RRC. The type2 parameters corresponding to the small cell operation should be provided to the RRC protocol layer located at the macro eNB. The small cell is required to communicate these parameters to the macro eNB over X2 interface. These message to pass the parameters from small cell to macro eNB need to specified.

The RRC protocol at the macro eNB generates the RRC signaling and communicates to the UE over the macro link. After UE correctly received these configured parameters and provides the Complete message to the macro eNB, macro eNB should acknowledge the small cell of the correct reception and configuration of small cell related parameters by the UE.  It is clear that two round of X2 transmission delay will be experienced between parameters generation and confirmation of UE reception.

RRC configuration is applied by the UE as soon as it is received by the UE. The current LTE model avoids the need for activation timer for RRC parameter configuration by minimizing the period of uncertainty of activation in the UE. However, when considering a long non-ideal backhaul with variable latency and requirement for information communication over the x2 interface, it may be difficult to guarantee the UE and small cell are synchronized on the application of configured parameters without having an activation timer based mechanism.

On the other hand, centralized RRC protocol shows similarity to the current operation RRC protocol. Thus, many of the current RRC procedure/function and operation such as transaction ID allocation, in sequence delivery of the RRC message could be applied without modification in dual connectivity scenarios. Thus, the centralized RRC has minimum RRC specification impacts to the UE.

2.2 Option 2: distributed RRC protocol at macro and small cell eNB 

The distribution could be realized with combination of primary and secondary RRC protocol as described below.
· Primary RRC protocol is located at macro eNB to control of Type1 parameters/procedures and Type2 parameters/procedures related to the macro cell. 
· Secondary RRC protocol is located at small cell eNB and it is responsible for control of Type2 parameters/procedures related to the small cell. 
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Figure 1: distributed RRC protocols at macro and small cells

All mobility related procedures will be handled by Primary RRC. Type2 parameters/procedures related to small cell is controlled by Secondary RRC located at the small cell. RRC signalling relevant to Type2 parameter/procedure of small cell is generated by the secondary RRC and transmitted to the UE directly from the small cell. This option avoids the X2 signalling hence extra signalling delay from the transmission over X2 is not resulted.  However the distributed RRC concept is significantly different from the current RRC protocol operation and would require more standardisation effort in RRC protocol towards the UE when compared to option 1. 
3 Conclusions

This contribution compares the centralized and distributed RRC protocol architecture for support of dual connectivity. RAN2 is requested to take into account the discussion in this paper when deciding the control plane protocol architecture for dual connectivity support and both options should be considered for further study. 
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