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1  Introduction
As the main objective of the further enhancements of small cell high layer aspects for LTE study item [RP-142283] is to “identify and evaluate the potential issues related to the increased signalling load in case of dense small cells deployment and if issues are identified, study potential solutions”, we think the first step besides identifying the potential issues is to propose a appropriate architecture, which could solve the increased signalling load problem and suitable for both legacy UEs or single connectivity UEs and dual connectivity UEs in dense small cells deployment scenarios.  
This contribution investigates the feasible network architectures, basing on the deployment scenarios captured in TR 36.872.

2  Discussion 
2.1  Alternative 1 - S1-C Concentrator
Due to the dense deployment of small cells, the number of S1 interfaces between a small cell and a MME is increased significantly, which means the non-UE associated signalling are increased too. The massive S1 interfaces may make the MME overload, and even impact the performance of non-UE associated procedures seriously. Therefore, we think there could be an architecture like the existing E-UTRAN architecture which supporting of HeNB/ HeNB GW.

Specifically, there could deploy an independent node, named “RAN GW” for now, which allows the S1 interface between the small cell and the MME to support a large number of small cells in a scalable manner. The RAN GW serves as a concentrator for the C-Plane, i.e. the S1-MME interface, while the S1-U interface from the small cell is still a direct logical U-Plane connection between small cell and S-GW, as Fig1.(a) shows. This architecture is suitable for all three scenarios in TR 36.872. 
While for Scenario #1 & #2, i.e. the small cells are deployed in the presence of an overlaid Macro network, the RAN GW could be a logical node and Integrated in the Macro eNB, as Fig 1.(b) shows.
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Fig1. Architecture Alt 1

In Architecture Alt1, at least all non-UE associated S1 application part procedures towards the MME could be terminated by the RAN GW, so the signaling load towards the core network can be reduced.
2.2  Alternative 2 - S1 Concentrator
Furthermore, considering the increased signalling load due to the frequent handover in the dense deployment of small cells, there could be an architecture that hides signalling load towards Core Network by hiding the handover between the small cells which are connected to the same RAN GW. It means the RAN GW serves as a concentrator for both U-Plane and C-plane, as Fig 2 shows, and Fig2.(b) is only suitable for Scenario #1 and #2 captured in TR 36.872.
In Architecture Alt 2, the RAN GW appears to the MME and the S-GW as an eNB, the RAN GW appears to the small cell as an MME and an S-GW. When the UE moves between the small cells under the same RAN GW, the RAN GW could terminate the mobility signalling, therefore, the signalling load due to the frequent handover could be decreased towards the CN.
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Fig2. Architecture Alt 2
2.3  Protocol Stacks

The S1-MME protocol stacks is defined between the small cell, RAN GW and the MME, as Fig3 shows. The RAN GW shall terminate the non-UE-dedicated procedures – both with the small cell, and with the MME. While some protocol function associated to UE-dedicated-procedure which could be done by RAN GW, e.g.the mobility related procedures, could be terminated by the RAN GW, too.
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Fig 3. CP protocol stacks

If the user plane towards the small cell and towards the S-GW is terminated by the RAN GW, the S1-U data plane is defined between the small cell, RAN GW and the S-GW as Fig 4 shows.
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Fig 4. UP protocol stacks
2.4  X2 Interface 

The RAN GW could also be the X2 proxy node for the connected small cells when there is no direct X2 interface between small cells, that leaves only X2-based handover when the UE moves in the RAN GW area unless the MME has to be relocated.
Whether there is X2 interface between RAN GWs could be discussed further.
Proposal: RAN3 is kindly asked to discuss about the above architecture and the protocol stacks.
3  Proposal 
With the considerations above, we would like to propose the following:

Proposal: RAN3 is kindly asked to discuss about the above architecture and the protocol stacks.
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