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1. Introduction
In last RAN2 meeting and succeeding email discussion, the deployment scenarios and challenges were discussed. To identify these challenges, the concept of dual connectivity is brought up and very popular in RAN2.  Before the further discussion on dual connectivity, it is better to have the common understanding on what is the dual connectivity firstly. Hence, this contribution gives our views on the character of dual connectivity in user plane and the potential U-plane architectures.
2. Discussion
2.1. Character of dual connectivity in U-plane
According to the email discussion on the main challenges, the dual connectivity related to U-plane should have the characters as below.
Table-1 Characters of dual connectivity in U-plane
	Challenge
	Aspect in U-plane
	Characters of dual connectivity

	A. Increased signalling load due to frequent handover
	1) Path switch and data forwarding
	In case of small cell change, path switch should be avoided, and the amount of data forwarding should be minimized.

	B.  System capacity
	1) UL/DL imbalance issues
	Difficult to improve system capacity by utilizing radio resources in more than one eNB.

	C.  UE throughput
	1) Peak data rate
	Both cells used for UE’s transmission simultaneously 

	
	2) Interruption during cell change
	The interruption in case of small cell change should be reduced. 

	
	3) QoS
	QoS should not be impacted. 


In summary, dual connectivity should have the following characters:

· UE’s connection is on macro cell and small cell simultaneously in air interface;
· UE’s data transmission can be performed on macro and small cell simultaneously; it will lead to some coordination between M-node and S-node;
· UE’s data transmission can be only performed on the cell with good quality, either macro cell or small cell; it will lead to some enhancement on the control channel signaling transmission, e.g. support PUCCH or D-SR on more than one cell;
· To avoid QoS degration, sensitive service is inappropriate to transmit via non-ideal backhaul;
· In case of UE’s connected small cell change, less path switch and less data amount forwarded among small cells would bring benefit to the signaling and UE throughput. 
Hence, the concept of dual connectivity is proposed to capture the key points on the UE’s connection and data transmission.
Proposal 1: Dual connectivity is proposed to be defined as blow:

In dual connectivity, more than one cell from different network points typically with non-ideal backhaul can be simultaneously configured to a UE. UE may simultaneously receive or transmit on one or multiple cells. 
2.2. Potential U-plane Architecture
Considering the potential architecture, there are three alternatives. 
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Figure-1
Potential U-plane architecture of dual connectivity
In Alt-1, in S1-U interface, there is only one connection between M-node and SGW; in Uu interface, there are two connections with M-node and S-node, and there is no restriction on data transmission in Uu interface (i.e. data of one DRB can be transmitted on any cells). This alternative is similar as CA. In addition, new interface between M-node and S-node is introduced. In the new interface between S-node and M-node, the U-plane protocol stack and data transmission mechanism needs further study.  Figure-2 gives the potential Uu protocol stacks in U-plane for one specific EPS bearer in the interface. With Alt1:option1, if RLC entity also is located at M-node, the small cell’s capacity would have some limit due to non-ideal backhaul, such as RLC segmentation by static segmentation manner as well as link adaptation based on outdated feedback information. Then the Alt1:option2 seems a better option. But with this option, UE throughput for the multi-stream option could have no gain compared with Rel-10/11 CA or CoMP according to the analysis given in [3]. Moreover, for this alternative, as the S1-U is terminated by macro eNB, the signalling load due to frequent handover would be reduced [2]. The challenge A can be solved in this alternative, but the challenge C. 1) still exists. In addition, the challenge C. 3) can be solved because of multi-stream possibility, but the challenge B and C. 2) need to be further evaluated..
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Figure-2 Uu Protocol stack in new interface for one specific EPS bearer in Alt-1
In Alt-2, in S1-U interface it is the same as Alt-1; in Uu interface, the difference from Alt-1 is that some restriction is introduced, i.e. data of one DRB can only be transmitted in one node. In the new interface between S-node and M-node, the Uu protocol stack and data transmission mechanism needs further study. The potential protocol stack options are more than Alt-1, which is given in Figure-3. With the Alt2:option3, the RLC segmentation issue is the same as Alt1:option1, and with the Alt2:option1 there will be security challenge due to independent PDCP according to [5]. Compared with Alt2:option3, Alt2:option1 seems to be a better option. According to [4], this alternative have no improvement on per-UE throughput, compared with Rel-10/11 CA or CoMP. Similar with Alt1, the challenge A and C. 3) can be solved in this alternative, but the challenge C. 1) still exist. In addition, the  challenge B and  C. 2) need to be further evaluated.
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Figure-2 Protocol stack in new interface for one specific EPS bearer in Alt-2
In Alt-3, in Uu interface it is same as Alt-2; in S1-U interface, the connection for one RAB is established between SGW and the node in charge of the corresponding transmission. In the new interface between S-node and M-node, the Uu protocol stack and data transmission mechanism needs further study. Figure-3 gives the potential protocol stack for one specific EPS bearer in the interface. Similar with Alt2:option1, this alternative has a large security challenge due to independent PDCP according to [5], but M-node backhaul capacity requirement for this alternative is far less than the Alt 2. Likewise according to [4], this alternative has no improvement on per-UE throughput, compared with Rel-10/11 CA or CoMP. As the S1-U is terminated by Small eNB, the signalling load due to frequent handover would be inevitable [2]. Then the challenge C. 3) can be solved in this alternative, but the challenge A and C. 1) still exist. In addition, the challenge B and C. 2) need to be further evaluated.
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Figure-3 Uu Protocol stack in new interface for one specific EPS bearer in Alt-3
The comparisons of potential architectures are given in Table-2. 
Table-2 Comparisons of potential architectures
	
	Alt-1
	Alt-2
	Alt-3

	Peak data rate per UE
	No improvement on UE throughput compared with Rel-10/11 CA or CoMP.

	Peak data rate per E-RAB 
	Possible improvement compared with Alt-2,Alt-3(
	No improvement
	No improvement

	Coordination between M&S node for data of one DRB transmission
	Big((
	Middle (
	Middle( 

	Interruption in case of small node change
	Need to be further evaluated

	Path switch in case of small node change
	No(
	No(
	Yes((

	 Backhaul capacity
	High((
	High((
	Low(

	Security
	Robust(
	Robust(
	May not robust((

	Complexity for interface between M-node and S-node
	Big((
	Big((
	Small(

	CN impact
	No impact (
	No impact(

	Small (
(Note 1)

	eNB impact
	Big((
(Data Splitting function)[3]
	Middle(
	Middle(

	UE impact
	Middle(
（PDCP SN enlarging and）[3]
	Small(
	Small(
(Note 1)

	Applicable scenario
	Applicable for scenario#1,2

	Total
	9(4(
	6(4(
	6(4(


Note 1: There might be a large impact on CN and UE due to security mechanism enhancement for the Alt-3, but it is not considered to avoid repeat count in terms of security item.

According to the comparison, Alt-2 and Alt-3 have similar performance, but the major difficulties for the two alternatives essentially are balancing between backhaul capacity requirement and security robustness. Therefore, from U-plane architecture point of view, we propose to study further Alt-2 and Alt-3.
According to the explanation and comparisons of potential architectures above, we give the proposals as below.

Proposal 2: It is proposed to further discuss the potential U-plane architectures for dual connectivity and capture the comparison table in the TR.
Proposal 3: It is proposed to study further Alt-2 and Alt-3.
3. Conclusion
According to the analysis in section 2, the proposals are given as below.
Proposal 1: Dual connectivity is proposed to be defined as blow:

In dual connectivity, more than one cell from different network points typically with non-ideal backhaul can be simultaneously configured to a UE. UE may simultaneously receive or transmit on one or multiple cells. 
Proposal 2: It is proposed to further discuss the potential U-plane architectures for dual connectivity and capture the comparison table in the TR.
Proposal 3: It is proposed to study further Alt-2 and Alt-3.
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