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1. Introduction
A new LTE Rel-12 study item on “Small Cell Enhancement – Higher Layer” was approved at the RAN plenary #58 meeting [1]. In accordance with the work plan provided by the rapporteur in [2], firstly, studies should focus on identifying and evaluating the potential issues in small cell deployments and the expected benefits of enhancements such as “dual connectivity” and other mobility management enhancements. 

In this contribution, we identify small cell development scenarios and expected benefits of dual connectivity. 
2. Identification of small cell development scenarios
  Depending on whether or not small cells are developed at the same frequency carries with the macro cell, there are two scenarios: co-channel and frequency-separated scenarios. From higher layer perspective, the protocol stack structure is common for both scenarios. Moreover, considering we have discussed many issues and enhancements for co-channel scenarios in previous LTE releases, such as eICIC in LTE Rel-10, FeICIC and CoMP in LTE Rel-11, it seems reasonable to start our discussions from frequency-separated small cell development scenarios in LTE Rel-12. 
Frequency-separated small cell development scenarios, which are the main focus in this contribution, are illustrated in Fig. 1.   
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Fig.1 Illustration of non-co-channel small development scenarios
In Fig.1, macro and small cells are developed in two different carriers, F1 and F2. Small cell #1 is assumed to be developed in the macro cell’s coverage whereas small cell #2 is assumed to be developed out of the macro cell’s coverage. An example of small cell #1 is an outdoor pico development having an overlapped coverage with a macro cell whereas an example of small cell #2 is an indoor pico (or femto) development.

From the perspective of different UEs, connectivity with macro and small cells are summarized in Table 1.
Table 1. Summarizations on connectivity with macro and small cells 
	UE’s location
	Perspective of Rel-8/9/10/11 UEs
	Perspective of Rel-12 UE

	small cell #1 coverage
	have a single connectivity to 
small cell #1
	either enjoy dual connectivity of macro and small cell #1 or have a single connectivity to small cell #1 with Rel-12 enhancements

	small cell #2 coverage
	have a single connectivity to 
small cell #2
	have a single connectivity to small cell #2 with Rel-12 enhancements


As summarized in Table 1, LTE Rel-12 UEs may either enjoy dual connectivity of macro and small cells or have a single connectivity to small cell #1 with Rel-12 enhancements. Therefore, it seems reasonable to elucidate that dual connectivity of macro and small cells should be focused on in the “small cell enhancements-higher layer” SI whereas Rel-12 enhancements for single connectivity to small cells should be focused on in “HetNet mobility enhancements” WI.
Proposal 1: “Small cell enhancements-higher layer” SI focuses on dual connectivity of macro and small cells whereas “HetNet mobility enhancements” WI focuses on enhancements for single connectivity to small cells.
In Section 3, the expected benefits of dual connectivity of macro and small cells are analyzed.

3. Identification of the expected benefits of dual connectivity
3.1. Definition of dual connectivity

Before analysing the expected benefits of dual connectivity, clarification of dual connectivity definition is necessary. In the previous LTE releases, the UE has a dual physical layer connection in the case of carrier aggregation or joint transmission schemes of CoMP whereas just a single connection to the primary cell from the perspective of MAC, RLC, PDCP and RRC layers. In our understanding, dual connectivity in LTE Rel-12 means that the Rel-12 UE has a dual connection not only in the physical layer but also in other upper layers. Therefore, firstly we propose to clarify whether or not the dual connectivity in Rel-12 is assumed to be realized in upper layers. 
Proposal 2: RAN2 should identify whether or not the dual connectivity in Rel-12 is realized in upper layers. Here, the upper layers mean MAC, RLC or PDCP layers. The details on which layer is specified are FFS.
In addition to the layer issue, contents (either C-plane or U-plane, or both of them) carried by these two connections have not yet been defined clearly. Because MAC/RLC/PDCP layers are common for C-plane and U-plane, we think it is also necessary to identify the content carried by these two connections. Considering the main motivation of small cell development is to encourage the traffic offload from the macro cell layer to the small cell layer, it is reasonable to assume that U-plane is carried by small cell connectivity. 
For those Rel-12 UEs located in the overlapped coverage area of macro and small cells and enjoying dual connectivity of macro and small cells, the two combination alternatives of contents carried by dual connectivity are summarized in Table 2. For the sake of having no loss of generality, those cases in which U-plane is carried by macro cell connectivity are also shown in Table 2. In general the coverage of macro cells is broader than that of small cells, therefore, the use case of Alt.1 (b) and Alt.2 (b) also remains unclear. Moreover, considering Alt.1 (b) and Alt.2 (b) can be realized easily by applying solutions that are specified for Alt.1 (a) and Alt.2 (a), we focus on Alt.1 (a) and Alt.2 (a) in the remainder of this section. 
Table 2. Analyses of contents carried by dual connections

	Alternative 

	Macro cell connection
	Small cell connection

	Alt. 1
	(a)
	C-plane 
	U-plane 

	
	(b)
	U-plane
	C-plane

	Alt. 2
	(a)
	C-plane

U-plane
	U-plane

	
	(b)
	U-plane
	C-plane

U-plane


The difference between Alt.1 (a) and Alt.2 (a), is in whether or not the U-plane is transmitted via macro cell connection. In Alt.2 (a) data of U-plane are carried by both macro and small cells whereas in Alt.1 (a), data of U-plane are carried only by small cells. Considering that small cells are probably developed via a high frequency band (for example, 3.5GHz and beyond), a wider bandwidth of small cells can be expected. In such a case, compared to Alt.1 (a), throughput performance improvements of Alt.2 (a) are limited due to the relative narrow bandwidth of macro cells. Additionally, considering Alt.2 (a) is an enhancement of Alt.1 (a), it is reasonable to start our discussions from Alt.1 (a) in LTE Rel-12. 

Proposal 3: It is reasonable to start our discussions from the dual connectivity in which macro cell connection carries C-plane while small cell connection carries U-plane. 
3.2. Expected benefits of dual connectivity
Protocol stacks and functions of C-plane are defined in TS36.300 [3]. For example, RRC (terminated in eNB on the network side) performs the following functions:

- 
Broadcast;

-
Paging;

-
RRC connection management;

-
RB control;

-
Mobility functions;
-
  UE measurement reporting and control.
The expected benefits of dual connectivity depend on which functions of small cell’s C-plane are carried by the macro cell connection. Initial analyses on the expected benefits of carrying these RRC-performed functions of small cells via macro cell connection are summarized in Table 3. Further detailed studies on this topic are required.
Table 3. Initial analyses on the expected benefits of dual connectivity

	C-plane functions performed by RRC
	Expected benefits of carrying the function via macro cell connection

	Broadcast

	May be helpful in allowing UE to discover small cells easily with a reasonable UE battery consumption

	Paging
	May be helpful in improving the performance of paging and reducing loads of the core network especially for dense small cell development scenarios 

	RRC connection management
	May be helpful in improving the performance of RRC message transmission and reducing loads of the core network especially for dense small cell development scenarios.
Further detailed studies on reducing RRC message overheads are required.

	RB control
	Radio bearer control is related to not only C-plane but also U-plane. How to realize dual connectivity of RB control should be studied further.

	Mobility functions
	May be helpful in reducing the number of handovers 
May be helpful in improving performance of handover (e.g., reducing handover failure)

May be helpful in reducing overheads of UE measurement reporting regarding small cells

May be helpful in reducing the context exchange between cells and enabling the easy development of small cells via non-ideal backhauls

	UE measurement reporting and control
	May be helpful in simplifying UE measurement regarding small cells


4. Conclusion
  In this contribution, we identified the small cell development scenarios and expected benefits of dual connectivity. 

Proposal 1: “Small cell enhancements-higher layer” SI focuses on dual connectivity of macro and small cells whereas “HetNet mobility enhancements” WI focuses on enhancements for single connectivity to small cells.
Proposal 2: RAN2 should identify whether or not the dual connectivity in Rel-12 is realized in upper layers. Here, the upper layers mean MAC, RLC or PDCP layers. The details on which layer is specified are FFS.
Proposal 3: It is reasonable to start our discussions from the dual connectivity in which macro cell connection carries C-plane while small cell connection carries U-plane.
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