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1	Introduction
Evaluating benefits and solutions for dual connectivity is one of the main objectives in the Small Cell Enhancement study item, and dual connectivity means that UE connects to both macro cell and small cell. In RAN2 email discussion [1], potential challenges have been identified for dual connectivity especially on how to utilize radio resources in more than one eNB connected with non-ideal backhaul. Solutions to address these challenges may cover both C-plane and U-plane. U-plane protocol architecture options are discussed in a separate contribution [2]. This contribution intends to provide analysis on some C-plane (and more specifically RRC) alternatives. 
2	C-plane architecture for dual connectivity
Rel-10/11’s CA technique can be seen as 3GPP’s first attempt to enable LTE with multiple carrier connectivity and seems a good starting point for Rel-12’s dual connectivity discussions. However, Rel-10/11’s CA has the limitation that all carriers aggregated for one UE must belong to the same eNB, or for the case of RRH, even if the RRH can be located in a separate site than the macro eNB, it is still connected to the macro eNB through ideal backhaul i.e. fiber, with latency less than 2.5us. With dual connectivity, not only the interface between the two nodes becomes non-ideal but also becomes an open interface. This means that carrier aggregation is no longer a purely RAN2 feature but also involves RAN3’s work. Based on these considerations, we think Rel-10/11 CA’s RRC model based on single eNB control needs to be rethought whether it is suitable for Rel-12’s dual connectivity. In the following, an initial attempt is made.
2.1	RRC functions for dual connectivity
Section 4.4 in TS 36.331 provides a list of RRC functions for all features introduced to LTE so far. Based on those, some major group of RRC functions are identified when we consider adding small cell layer to the UE for dual connectivity operation.
· Small cell layer’s common radio resource configurations
· Small cell layer’s dedicated radio resource configurations
· Measurement and mobility control for small cell layer
· Configuring data radio bearers in small cell in case that some whole bearers are offloaded to small cell layer
Note that, the RRC function of configuring DRBs in small cell is actually applicable to one specific U-plane protocol architecture option which assumes one-to-one mapping between radio bearer and transmission node. For other U-plane options for dual connectivity in [2], this RRC function may not be needed.
2.2	RRC modeling alternatives
To model RRC for dual connectivity, i.e. to consider how to locate identified RRC functions in different nodes, there are mainly two alternatives [3] shown in figure 1.
· Alt 1: single RRC maintained and terminated by macro eNB;
· Alt 2: dual RRC maintained and terminated by macro eNB and small cell eNB, respectively.


Figure 1 RRC alternatives for dual connectivity
With Alt 1, the UE only sees one RRC entity which is responsible for signalling all radio resources configurations in macro layer and small cell layer to the UE. To achieve this, some signaling exchange is naturally needed over backhaul between the two eNBs. For instance, the radio resource configurations of the small cell and DRB related configurations need to be exchanged. 
With Alt 2, the UE sees two distinct RRC entities: one in the small cell and one in the macro cell. The small cell is then able to signal some radio resources configurations directly to the UE. This would however still require some coordination with the macro eNB for instance to make sure that the UE capability are not exceeded. 

Figure 2 below shows schematic signalling (including both RRC and backhaul parts) flow for two RRC alternatives while taking configuring DRBs on small cell layer as example.  
Figure 2: Signaling flow for two RRC alternatives (configure DRBs on small cell layer)
Some further pros and cons for these two RRC alternatives are given in the table below.
Table 1: RRC Alternatives Comparison
	        RRC modelling alternatives

RRC functions
	Single RRC
(terminated at macro eNB)

	Dual RRC
(one terminated at macro eNB and the other at small cell eNB)


	Configure small cell’s common radio resource configurations

	Similar to Rel-10 CA with radioResourceConfigCommonSCell but requiring backhaul signalling between the two eNBs .
	Direct configuration from small cell eNB to the UE.
No backhaul signaling required between the macro and small eNBs.

	Configure small cell’s dedicated radio resource configurations

	Similar to Rel-10 CA with radioResourceConfigDedicatedSCell but requiring backhaul signalling between the two eNBs.
	Direct configuration from small cell eNB to the UE. Because the configuration of the small cell is likely to depend on the configuration of the macro cell (in order to guarantee that the UE capabilities are not exceeded), backhaul signalling between the two eNBs is probably also required.

	Measurement and mobility control for small cells

	Best suited for “centralized” mobility where macro eNB fully manages macro as well as small cell mobility (some information might need to be exchanged anyway between macro and small cell)
	Allows “distributed” mobility solutions where small cell might take autonomous decisions.

	Configure DRBs for small cells in case of bearer offload

	Macro eNB needs to ask for DRBs configuration from small cell eNB and then configures to the UE. Some information exchange between macro and small cell eNB is needed.
	Direct configuration form small cell eNB to the UE.
Because the configuration of the small cell is likely to depend on the configuration of the macro cell (in order to guarantee that the UE capabilities are not exceeded), backhaul signalling between the two eNBs is probably also required.



Because it resembles Rel-10 CA, the Single RRC model could be seen as simpler. The Dual RRC model is certainly different from Rel-10 CA, perhaps more complex, but by giving more freedom to the small cell, it could potentially alleviate the macro eNB while also potentially reducing signalling between the two eNBs. However, it also brings impact to the UE. The impact analysis can be based on how much RRC signaling is essentially required between UE and small cell eNB. Basically it is the tradeoff between performance and complexity behind these two RRC models. Moreover, given that current TR supports such a wide range of non-ideal backhaul options, whether to have unified or separate RRC solutions for different backhaul options needs to be carefully considered.
3	Conclusion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we discuss C-plane functions and alternatives for Rel-12’s dual connectivity and propose to study both single and dual RRC approaches further.
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