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1. Introduction
The qualification of challenges is scheduled at the RAN2#81bis meeting. During the E-mail discussion before the RAN2#81bis meeting, we share  our views on challenges of Rel-12 SI on small cell enhancement in [1] and propose discussion on preferentially potential solutions targeting the avoidance of frequent handovers. Dual connectivity, the operation where the UE can have simultaneous connectivity to at least two different network nodes, is a potential solution to avoid frequent handovers. In this contribution, we analyze protocol stacks of dual connectivity in order to initate related discussions.
2. Protocol stacks for dual connectivity
  In the scenario in which small cells are densely deployed within macro cells coverage area, the UE moving around in the macro coverage area experiences handover frequently. In order to avoid frequent handover in such a scenario, dual connectivity meaning UE could have simultaneous connections with more than one eNB is proposed [2]. As handover is controlled by C-plane, in order to avoid frequent handover occurring, simultaneous dual connections to different network points of dual connectivity are assumed as follows: 

· UE has a C-plane connection to a cell that has a larger coverage area (e.g., macro cells)

· It is assumed that small cell C-plane messages are administrated and generated in macro cells.

· It is assumed that small cell C-plane messages are transmitted at least via macro cell’s carrier frequency. 
· UE has a U-plane connection to a cell that has a smaller overlapped coverage area (e.g., small cells)

· It is assumed that U-plane data are transmitted at least via small cell carrier frequency

2.1. U-plane protocol stacks 

In Rel-10/11 carrier aggregation cases, inter-node resource utilization is realized via simultaneous physical connections to two eNBs whose PDCP/RLC/MAC layers are common. Due to this common PDCP/RLC/MAC layer requirement, Rel-10/11 CA developments have hard requirements on the backhaul between two eNBs. In order to mitigate these hard requirements on the backhaul and support inter-node resource utilization, RLC split and PDCP split solutions in [2] for realizing inter-site data split for UMTS systems could be considered as the baseline.

U-plane protocol stack is illustrated in Fig.1. In Fig.1, (a) is the conventional U-plane protocol stack without inter-site data split, (b) is the U-plane protocol stack with inter-site data split based on RLC split and (c) is the U-plane protocol stack with inter-site date split based on PDCP split.
The following are use cases of data traffic splitting over multiple eNBs, which is considered a challenge of the Rel-12 SI on small cell enhancement.

(1) two data streams with different QoS metrics (radio bearers) are steered to the small cell and macro cell, respectively

(2) a single data stream with the same QoS metric (radio bearer) is steered to both the small cell and macro cell

How to realize the data traffic splitting over multiple eNB based on U-plane protocol in Fig.1(a), (b) and (c) is summarized in Table. 1. Additionally, impacts are also listed in Table 1.
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(a) Conventional U-plane protocol stack     (b) U-plane protocol stack with RLC split solution 
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(c) U-plane protocol stack with PDCP split solution

Fig.1 U-plane protocol stack for dual connectivity
Table Comparison of different U-plane protocol stack on how to steer data traffic

	
	Conventional U-plane protocol stack (Fig.1 (a))
	U-plane protocol stack with RLC split solution (Fig.1 (b))
	U-plane protocol stack with PDCP split solution

(Fig.1 (c))

	Data traffic
 splitting
	S-GW routes data stream(s) to either small or macro cells or both (based on QoS)
	RLC split data stream(s) to to either small or macro cells or both (based on QoS)
	RLC split data stream(s) to to either small or macro cells or both (based on QoS)

	Impacts
	- have impacts on core network (including how to modify bearer during HO when dual connectivity is assumed)
	- have impacts on RLC sublayer of UE and eNB
- may have impacts on 
adjacent PDCP and MAC sublayers
	- have impacts on PDCP

sublayer of UE and eNB

- may have impacts on 
adjacent RLC sublayer 


Observation 1. U-plane protocol stack targeting to provide data traffic splitting should be studied further. At least, the conventional U-plane protocol stack, U-plane protocol stacks with RLC or PDCP split solutions should be considered.
2.2. C-plane protocol stacks 
  For UEs that have a C-plane connection to macro cell and a U-plane connection to small cells, small cells cannot be operated as a stand-alone network point. This means that small cells should be operated with a paired macro cell. In other words, for UEs that have a C-plane connection to macro cell and a U-plane connection to small cells, C-plane functions of small cells are administrated and controlled by macro cells. 
Because PDCP/RLC/MAC sublayers are common for C-plane and U-plane, we also have three candidates of C-plane protocol stacks depending on three U-plane protocol stacks, as summarized in Section 2.1. These C-plane protocol stacks are shown in Fig.2(a), (b) and (c), respectively. 
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(a) C-plane protocol stack based on conventional U-plane protocol stack
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(b) C-plane protocol stack based on U-plane protocol stack with RLC split solution
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(c) C-plane protocol stack based on U-plane protocol stack with PDCP split solution

Fig.2 C-plane protocol stacks for dual connectivity

 In Fig.2 (b) and (c), parts of RRC functions could be steered to small cells, i.e., parts of RRC messages could be transmitted via small cell carrier frequency. Among the following C-plane functions defined in TS36.300 [4]:

- 
Broadcast;

-
Paging;

-
RRC connection management;

-
RB control;

-
Mobility functions;
-
UE measurement reporting and control.  

It seems beneficial to split those RRC messages of functions just related to both small cells and UE to small cells. For example, splitting small cell CQI measurement reporting to small cells is beneficial to reduce the reporting delay to small cells.
Observation 2. Splitting RRC messages of parts of C-plane functions seems beneficial. Further detailed studies on this topic are required.
3. Conclusion
  In this contribution, we analyzed the possible protocol stacks for dual connectivity.
Observation 1. U-plane protocol stack targeting to provide data traffic splitting should be studied further. At least, the conventional U-plane protocol stack, U-plane protocol stacks with RLC or PDCP split solutions should be considered.
Observation 2. Splitting RRC messages of parts of C-plane functions seems beneficial. Further detailed studies on this topic are required.
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