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Discussion and Decision
1. Introduction
In our understanding, as a baseline, dual connectivity would require UE to have radio connections with macro cell as well as with small cell [1]. Different architecture options were described in [2]. Control plane signaling could be assumed to be terminated in the macro cell and mobility is based on macro cell. 
Based on these assumptions, we investigate control plane and user plane architectures in this contribution. We further propose RAN2 should discuss metrics for comparison between different options for user plane traffic split in terms of challenges identified so far. 
2. Discussion
Control Plane

S1-MME should be terminated in the Macro eNB and there is no use case to support termination of this interface in the Small cell. Alternatively, S1-MME could be terminated both in Macro and small cell but this will bring in extra complexity in handling multiple S1 connections with no added benefit in terms of handover signaling, impacts to MME etc. We therefore like to propose that:
Proposal 1: Capture in the TR that S1-MME is terminated in the macro eNB.
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Figure 1: C-plane architecture in case of dual connectivity
Further RRC signaling could either be transmitted from Macro eNB only or in addition to from small cell as well. This discussion is related to on-going study on challenges for small cells and RAN2 should wait for the conclusion of other discussions before agreeing on RRC termination. 
User Plane

RAN2 broadly discussed three options for user plane i.e. split above PDCP, below PDCP and below RLC. Below is our understanding of PDCP SDU level split.
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Figure 2: PDCP SDU level split for user plane

In this case, GTP tunnel could be established directly between S-GW and node of small cell for a particular bearer or tunnel could be routed via Macro eNB. For other options like split below PDCP or RLC, tunnel towards S-GW will always terminate at the Macro eNB.  
Further, on the air interface, we think it is worthwhile to consider challenges currently under discussion w.r.t. different splitting options.
Inter node resource utilization

RAN2 agreed that
 with a non-idea backhaul we cannot make use of solutions such as Rel-10/11 CA and Rel-11 CoMP. This implies that each node will have its own scheduler and probably MAC layer. Resources in different nodes can be utilised for all bearers currently configured and active for a UE or resources could be allocated per bearer. If traffic is split below PDCP or RLC, there could be an issue with PDCP/RLC window management due to non-ideal backhaul and should be investigated further. If bearers are split between macro and small cell, then PDCP SDU level split will allow offloading traffic to nearest S-GW and such offload will always be directed via macro eNB in other split options.
UL/DL power imbalance

UL/DL power imbalance issue arises due to different transmit power of Macro and Pico cell and further, it was discussed that whether UE should receive DL from Macro cell and UL transmission to the Pico cell. 
In case of no bearer split between macro cell and small cell and UL is transmitted to small cell and DL is received from Macro cell, one of the issues will be how to handle RLC ACK received on uplink at the small cell for DL transmitted RLC PDUs from macro cell for split option below PDCP. Similarly, for RRC DL message from Macro cell, how to handle response message received at small cell. These would require synchronization in terms of delay between Macro and Pico cell. PDCP SN is associated with every PDCP PDU so in sequence delivery should not be a problem for split below PDCP.
Mobility robustness

Most of the companies preferred to discuss intra frequency scenario 1 as part of Hetnet mobility WI during the email discussion. Some enhancements may be needed due to dual connectivity. Further, companies intended to discuss inter frequency deployment due to dual connectivity as part of SCE. But we think that the user plane split options are independent of mobility robustness and probably PDCP SDU, PDCP PDU or RLC PDU level split can work. 
Frequent handovers
One of the straight forward options to avoid CN signaling due to frequent handovers is to configure the user plane split below PDCP so that there is no need for any signaling towards the core network and also there is no security issue to resolve. However, it is our assumption that PDCP SDU level split can also work if macro eNB performs GTP tunnel management and signaling towards core network can be managed. Also, in order to configure offload of few bearers from Pico cell to nearest/local S-GW, PDCP SDU based splitting should be configured.
Table below provides summary of three options for DL user plane split:
	Scenario and use case
	Split above PDCP (SDU )
	Split above RLC 
	Split below RLC 

	No Bearer level split between Macro and small cell
	Coordinating entity needed above PDCP to manage split above PDCP

	PDCP/RLC window management could be an issue to resolve
	PDCP/RLC window management could be an issue to resolve

	Bearer level split 
	GTP tunnel level split feasible within existing framework
	Split feasible and need to be configured
	Split feasible and need to be configured

	UL/DL split between Macro and small cell
	If bearer level split configured then how to handle e.g. RLC Ack for DL transmitted data from Macro cell and Acks received at Small cell uplink.
	If bearer level split configured then how to handle e.g. RLC Ack for DL transmitted data from Macro cell and Acks received at Small cell uplink.
	Feasible that UL is transmitted to Small cell and DL from Macro cell.

	Bearer specific offload to specific GW
	Yes
	No
	No

	Coordination between Macro and Pico
	Yes, only to configure the split
	Yes, configure and manage the split
	Yes, configure and manage the split

	Mobility robustness- inter frequency dual connectivity
	Yes
	Yes
	Yes

	Bearer addition
	Flexible and possible within current framework
	It would require to configure the split
	It would require to configure the split

	Connectivity via macro
	Optional
	Mandatory
	Mandatory

	CN signaling reduction
	No; unless Macro performs the function of GTP tunnel management
	Yes
	Yes

	Interface between Macro-Pico
	C- Plane and U-plane GTP tunnel can be transported to Small cell. Since GTP is already used for inter node user plane transfer no new protocol impacts are foreseen 
	C and U-plane
	C and U-plane


Proposal 2: Capture above table as a baseline in the TR for the purpose of comparison between different options.
3. Conclusion

In this contribution we discussed the control plane and user plane architectures for dual connectivity and propose to discuss metrics for comparison between different options for user plane traffic split. Finally, we would like to propose the followings: 
Proposal 1: Capture in the TR that S1-MME is terminated in the macro eNB.
Proposal 2: Capture above table in section 2 as a baseline in the TR for the purpose of comparison between different options.
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