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[bookmark: _Ref241569617]Introduction 
An important small cell deployment scenario identified in RAN [1] is a small cell that is under the coverage of a macro-cell, and the UE has dual connectivity to both small cell and macro-cell. It is important to re-examine the system architecture so as to optimize the UE performance while controlling complexity and cost to the network. 

This contribution discusses the enhancement to the existing system architecture to efficiently utilize small cells. 
Architecture for Small Cells Under Macro Coverage
With the small cell providing high-capacity data throughput and macro-cell providing the coverage where the UE has dual connection, one example of the data flow over the network is illustrated in Figure 1 below.  When small cell coverage does not exist, macro-cell may provide low throughput control data and user data coverage.  
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[bookmark: _Ref337485038]Figure 1:  Data flow over the network

If the small cell eNB, or local area eNB (labeled “LeNB” in the following), are under coverage of a macro-eNB, “home eNB GW” type of functionality is added into the macro-eNB. In other words, the macro-eNB can act as the LeNB-GW for the small cells inside it. 

The control plane protocol is the same as if the UE is connected to the macro-eNB only. There is a S1 interface connection between the macro-eNB and the MME (serving the UE). The S1 interface does not extend to the small cell.

For user plane, there is a GTP tunnel per UE bearer, spanning from the SGW/PGW of the UE to the macro-eNB. The GTP tunnel does not extend to the small cell.

· The downlink UE packet is mapped to UE bearer at the PGW serving the UE and the packet is sent in the corresponding UE bearer GTP tunnel to the macro-eNB.
· The macro-eNB associates the DL UE packets on the GTP tunnel to the corresponding LeNB.
· The macro-eNB sends the DL UE packets to the LeNB of the UE over a new logical interface (referred here after as “X3” interface) . 
· The LeNB transmits the DL packets to the UE.

A new logical interface, X3, is defined between the macro-eNB and its associated LeNB, as illustrated in Figure 2. Compared to the existing X2 interface, the X3 interface is not between two peer eNBs; rather it is between a macro-eNB and its subordinate local eNB. The X3 interface connects a LeNB to the other network nodes. The X3 interface makes the LeNB appear to be a cell of the associated macro-eNB to EPC. Thus the MME, S-GW and P-GW need to interact with macro-eNB, not individual LeNBs.

.



[bookmark: _Ref337486100]Figure 2: Small cell architecture with X3 interface between a LeNB and a macro-eNB / LeNB-GW.

When a UE is within the coverage of a small cell, its control plane will operate over the macro cell and its user plane will possibly operate through both the small cell and the macro-cell, although the user plane may or may not connect to LeNB and macro-eNB simultaneously. The control plane connects to the macro eNB to manage NAS control protocols, RRC, etc. as illustrated in Figure 3. The user plane connects to the small cell eNB (labeled “LeNB”) where the bulk of data payload is routed. One example of the user plane is illustrated in Figure 4. As illustrated, the physical layer between UE and macro-eNB (e.g., using the carrier frequency f1) may be different from the physical layer between UE and LeNB (e.g., using a different carrier frequency f2).


[bookmark: _Ref337485094]Figure 3: Control-plane protocol stack between UE and macro eNB.



[bookmark: _Ref338495939][bookmark: _Ref344889537]Figure 4: User-plane protocol stack between UE, small cell eNB and macro eNB.

Maintaining the control plane within the macro eNB has the benefit that the MME only keeps track of which macro cell the UE is associated with, rather than the small cell. This makes it simpler for certain mobility handling procedures, such as handover, paging and tracking area update. 
Splitting control plane and data plane directs Layer 3 packets to go through two possibly different routes. It may be necessary that physical layer and some Layer 2 (MAC/RLC/PDCP) protocols will be replicated, one stack between UE and macro eNB, the other stack between UE and LeNB.
From a UE’s perspective, it maintains a single RRC connection to the macro-eNB as long as it is within the coverage of the macro-cell.  There is no handover from macro-cell to small cell and between small cells. 

Architecture for Small Cells Outside Macro Coverage
When the small cell is not under macro-coverage, a dedicated Local-layer eNB Gateway  (LeNB-GW) can be deployed to cover a cluster of small cells. The LeNB-GW can collocate in one of the LeNB. Deployment of a LeNB GW would allow the S1 interface between the LeNB GW and the EPC to support a large number of LeNBs in a scalable manner. The S1 interface between the LeNB and the EPC is the same, regardless of whether the LeNB is collocated with LeNB GW or not. The LeNB GW is connected to the EPC in a way that inbound and outbound mobility to cells served by the LeNB GW is unlikely to require inter-MME handovers, where one LeNB serves only one cell.

For control plane, the LeNB GW serves as a concentrator for the C-Plane, specifically the S1-MME interface. The LeNB GW appears to the MME as an eNB. The LeNB GW appears to the LeNB as an MME. This architecture is very similar to the HeNB architecture with a HeNB GW

The S1-U interface between the LeNB and S-GW may be terminated at the LeNB GW, or a direct logical U-Plane connection between LeNB and S-GW may be used.  When the LeNB GW is used to terminate the S1-U interface from the LeNB and S-GW, the protocol stack is as shown in Figure 5. The LeNB GW provides a relay function to relay user plane data between the LeNB and the S-GW.



[bookmark: _Ref338603831]Figure 5. User plane for S1-U interface for LeNB with a LeNB GW


The S1-MME protocol stacks with the LeNB GW is shown in Figure 6. When a LeNB GW is present, it terminates the non-UE-dedicated procedures, such as the establishment of the interface – both with the LeNB, and with the MME. The LeNB GW provides a mobility function within the cluster and a relay function for relaying Control Plane data between the LeNB and the MME. The scope of any protocol function associated to a non-UE-dedicated procedure shall be between LeNB and LeNB GW and/or between LeNB GW and MME. 



[bookmark: _Ref337544233]Figure 6: Control plane for S1-MME Interface for LeNB to MME with the LeNB GW

Conclusions
In this contribution, architecture design is discussed for small cell deployed under macro-coverage and outside macro-coverage. Common to both, a gateway is introduced to provide connection between EPC and the small cell. For small cells under macro-coverage, the gateway function is collocated with the macro-eNB. For small cells outside macro-coverage, the gateway function is realized by a dedicated entity.

From a UE’s perspective, a benefit of the architecture is that it maintains a single RRC connection to the macro-eNB as long as it is within the coverage of the macro-cell.  There is no handover from macro-cell to small cell and between small cells. As a result, possible handover failures can be avoided, particularly when large number of small cells are densely deployed. 
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