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1. Introduction
In last RAN2 meeting many challenges in the small cell deployment are discussed. The dual connectivity is a potential solution to solve these challenges. This contribution is to discuss the possible C-plane architecture for supporting the dual connectivity and give a comparison between these architectures.
2. Discussion
After last RAN2#81 meeting email discussion many challenges in the small cell deployment are identified [1]:
a) Mobility robustness: This challenge is acknowledged and referred to the outcome of HetNet SI in Scenario#1. 
b) Difficult to improve system capacity by utilizing radio resources in more than one eNB (e.g. due to UL/DL imbalance issues): This challenge is identified in the Scenario#1 and Scenario#2. However, whether the existing solution (i.e., (F)eICIC) is sufficient should be studied for further.
c) Increased signalling load (e.g., to CN) due to frequent handover: The increased amount of signalling due to handover is considered as a challenging issue for scenario #1 and #2. The detail analysis of CN signaling load under eDDA traffic scenario can be found in [2].
d) Difficult to improve per-user throughput by utilizing radio resources in more than one eNB: This challenge is identified in the Scenario#1 and Scenario#2.
2.1. Potential Architecture
This section analyzes the possible C-plane architecture for dual connectivity to solve the above challenges.
With respect to the S1-MME connection, there are two options to support the dual connectivity:
Option 1: Only one S1-MME connection between M-node and MME;
Option 2: Two independent S1-MME connections between M-node/S-node and the MME.
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                                        Figure-1 S1-MME options for dual connectivity
With respect to the RRC connection, there are two options to support the dual connectivity:
Option 1: RRC connection is only established between the UE and the M-node;
Option 2: Two RRC connections are established between the UE and the M-node/S node
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                                         Figure-2 RRC connection options for dual connectivity
Radio resource management (RRM) is to ensure the efficient use the available radio resources and to provide mechanisms that enable E-UTRAN to meet radio resource related requirements. To support the dual connectivity, the RRM functionality may need to be coordinated between the M-node and the S-node. There are two options for the RRM structure:
Optio1: RRM is only located in the M-node.
Option2: RRM is coordinated between the M-node and the S-node.
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                          Option 1                                                                                    Option 2
                                          Figure-3 RRM structure options for dual connectivity
Based on the above possible S1-MME/RRC/RRM options, there are five potential C-plane architectures for supporting dual connectivity.
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                                    Figure-4 Potential C-plane architectures for dual connectivity
In the Alt1, there are two independent RRC/S1-MME connections between UE and the network. In small cell deployment, for high mobility UE, the frequent handovers between S-nodes is inevitable, but the connection toward M-node remains unchanged, and handover command from M-node won't get lost. So the number of HOF/RLF could be reduced, but signalling overhead due to the handover and the signalling load towards CN would increase. The challenge a) can be solved in this alternative, but the challenge c) still exists, the challenge b) and d) could refer to the [3].
For the Alt2, Alt3, Alt4, Alt5, the S1-MME connection is the same which is only established between the M-node and the MME, the main difference of these alternatives lies in the design of RRC connection and RRM structure. In these alternatives the UE will always maintain the RRC connection with the M-node when the UE moves to the coverage of the small cell, while the data traffic could be offloaded to the S-node. In case the mobility happens between the S-nodes, if the UE RRC connection is anchored in the M-node, the number of HOF/RLF and the signalling overhead due to the handover could be reduced. For the Alt3 and Alt 5, the UE can also receive the RRC message from the S-node, but these two Alts have different Uu protocol stack as shown below:
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Alt3: option-1


Alt3: option-2


Alt5
The challenge a) can be solved in these alternatives, but the challenge c) depends on different U-plane architectures, the challenge b) and d) could refer to the [3].
In the Alt2, there is only one RRC connection between UE and the network, the RRM is only located in the M-node which means the UE will only receive the RRC message from the M-node. 
In the Alt3, the RRM is coordinated between the M-node and S-node. There are two RRC connections between UE and the network which means the UE can receive the RRC message simultaneously from the M-node and the S-node. In this alternative, the M-node will forward the RRC message to the S-node via the new interface between the M-node/S-node, and then the S-node will send it to the UE. 
In the Alt4, the RRM is coordinated between the M-node and S-node which is similar with Alt3. But the difference between two Alternatives is that there is only one RRC Connection between UE and the network in the Alt4.
In the Alt5, the RRM is coordinated between the M-node and S-node which is similar to the Alt3 and Alt4. In this alternative, there are two RRC connections between UE and the network. Different from the Alt3, the RRC message transmitted via S-node is built by local node to accommodate the associated RRM function.
2.2. Comparison
According to the analysis for the potential architectures in section 2.1, comparison between the alternatives is given in the Table-1. 
                                      Table 1 Comparison between potential architectures
	 Metric
	Alt-1
	Alt-2
	Alt-3
	Alt-4
	Alt-5

	RAN signaling load 
	Middle (
(signaling overhead increase due to separate RRC reconfiguration in M-node and S-node )

	Small(
	Big ((
(Handover signaling is transmitted repeatedly)
	Small (
	Middle ( 

(signaling overhead increase due to separate RRC reconfiguration in M-node and S-node)

	CN signaling load
	Big ((
(Handover signaling)

	Small(
 (CN signaling reduction depends on the U-plane architecture)
	Small (
(CN signaling reduction depends on the U-plane architecture)
	Small (
(CN signaling reduction depends on the U-plane architecture)
	Small (
(CN signaling reduction depends on the U-plane architecture) 

	RAN signaling for RRM  Coordination 
	No RRM  Coordination(
	No RRM  Coordination(
	Middle(
	Middle(
	Small (
(RRM  Coordination  reduction due to Radio bear reconfiguration based on local RRM decision )

	RRM efficiency
	High(
	Very Low((
	Middle(
	Middle(
	High(

	CN impact
	Big((
	Small (
(Security no change depends on the U-plane architecture)
	Small (
(Security no change depends on the U-plane architecture)
	Small (
(Security no change depends on the U-plane architecture)
	Small (
(Security no change depends on the U-plane architecture)

	eNB impact
	Small(
(Similar with current handover procedure)
	Big((
	Big((
	Big((
	Big((

	UE impact
	Big((
（UE has two RRC connections）
	Small(
	Big((
（UE has two RRC connections）
	Small(
	Big((
（UE has two RRC connections）

	Applicable scenario
	Scenario #1,2(
	Scenario #1,2(
	Scenario #1,2((
Mobility robustness improvement between two macro cells
	Scenario #1,2(
	Scenario #1,2(

	Security (RRC signalling)
	May not be robust(
	Robust(
	Alt3:option-1 is robust but Alt3:option-2 may not be robust (
	Robust(
	May not be robust(

	Total
	8(4(
	4(7(
	9(4(
	4(6(
	6(5(


According to the comparison, even though Alt 2 can provide optimum performance, fully centralised RRM function almost is not feasible according to the analysis given in [4]. Although Alt 4 has less optimum performance compared to Alt 2, the requirements are mostly satisfied. Therefore, from C- plane architecture point of view we propose to further study Alt 4.
Hence, we give the proposals as below.
Proposal 1: It’s proposed to further discuss the potential C-plane architectures for dual connectivity and capture the comparison table in the TR.
Proposal 2: It’s proposed to study Alt 4 further.
3. Conclusion

In this contribution, five potential alternatives for dual connectivity are analyzed and the comparison between these alternatives is given. It is proposed that:
Proposal 1: It is proposed to further discuss the potential C-plane architectures for dual connectivity and capture the comparison table in the TR.
Proposal 2: It is proposed to study Alt 4 further.
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