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1. Introduction
An agreement is reached following the discussions in RAN3#87 regarding the study on further enhancements of small cell high layer aspects for LTE [1]:
· The dense deployment scenarios as described in TR36.872 [2] is the reference for this study.
In this contribution, we further identify and evaluate the potential issue of the increased handover signalling overhead in the small cell deployment scenarios, and give the initial consideration on the possible solutions for solving the issue.  
2. Discussion
The increase of signalling messages due to frequent handover for small cell deployments with or without macro network coverage compared to a macro only network is thoroughly analyzed in TR36.842 [3]. The simulation results in TR36.842 [3] illustrate the obvious increase in the number of handovers, e.g. 120%-140% increase for the small cell deployment with macro network coverage and about 4 times increase for the small cell deployment without macro network coverage depending on the UE speed. Meanwhile, it is also concluded that the signalling overhead due to frequent handover over the radio interface and E-UTRAN including toward the CN is increased as the number of small cells is increased. Therefore, with sufficient large number of small cells deployed, the processing capacity of the network shall be severely compromised.

Observation 1: The issue of the increased signalling messages due to handover in dense small cell deployment needs to be solved.
In Rel-12 small cell SI, dual connectivity is proposed to cope with multiple issues related to the dense small cell deployment scenarios including the increased mobility signalling overhead. However, whether the signalling overhead towards the CN can be saved depends on realization of the architecture. In fact, only the 3C architecture can reduce the mobility handover overhead towards the CN by the mean of combining of termination of S1-U in macro cell and split bearer. But, for 1A architecture, the transfer of path switch information to the MME cannot be omitted.
Secondly, the dual connectivity solution only applies to small cell deployment with macro network coverage. But, in Rel-12 small cell SI, it does not find a solution to solve the problem of increased mobility signalling overhead for small cell deployment without macro cell coverage, i.e. the scenario #3 in TR36.872 [2].
Another limitation of dual connectivity solution is that it does not apply to UE equipment with limited capacity, e.g. UE with single Tx/Rx or legacy UE.  

Proposal 1: The current dual connectivity solution cannot solve the issue of increased handover signalling load for dual connectivity 1A architecture, the small cell deployment without macro cell coverage, and the UE with limited capacity. Therefore, it is proposed to solve the issue of increased handover signalling load in dense small cells deployment. 
In HeNB system, a HeNB GW is deployed between the CN and the HeNB to support a large number of HeNBs in a scalable manner. Some companies suggest that extending the HeNB GW to cover the small cell deployment scenario, e.g. a HeNB GW is deployed between the CN and the small eNB. However, according to the current HeNB GW functionality, although the HeNB GW is deployed, it still cannot avoid the path update procedure towards CN. So, the mobility signalling overhead towards CN still cannot be reduced.  
During the study of Rel-12 small cell in RAN2, the mobility anchor was proposed and discussed. However, the evaluation of the benefits and network impact of such solution has not been completed for the sake of time. Furthermore, RAN2 thought the solution fall into responsibility of RAN3 as no Uu impact is foreseen. 
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Fig 1: Mobility anchor solution
As shown in Fig 1, the mobility anchor can serve as a concentrator for the C-plane, i.e. the S1-MME interface. The non-UE associated S1 application part procedures towards the SeNB and towards the MME can be terminated at the mobility anchor, so the non-UE associated signalling towards CN can be reduced. The S1-U interface from the SeNB may be terminated at the mobility anchor, or a direct logical U-Plane connection between the SeNB and the S-GW may be used. The mobility signalling may be terminated at the mobility anchor when the UE moves between the small cells under the same mobility anchor. Therefore, the mobility signalling load towards the CN could be decreased. The mobility anchor can co-locate with the macro eNB in case of small cell deployment with macro network coverage or be a standalone network node in case of small cell deployment without macro network coverage. In both situations, mobility anchor solution can apply to UE with or without dual connectivity ability. 
Proposal 2: RAN3 is kindly asked to re-consider the mobility anchor solution.
3. Conclusion
In this contribution, we further identify and evaluate the potential issue arise from the deployment of dense small cells first, and then give the initial consideration on the possible solution for solving the issue. It is proposed RAN3 to discuss the following observation and agree the following proposals:

Observation 1: The issue of the increased signalling messages due to handover in dense small cell deployment needs to be solved.
Proposal 1: The current dual connectivity solution cannot solve the issue of increased handover signalling load for dual connectivity 1A architecture, the small cell deployment without macro cell coverage, and the UE with limited capacity. Therefore, it is proposed to solve the issue of increased handover signalling load in dense small cells deployment. 
Proposal 2: RAN3 is kindly asked to re-consider the mobility anchor solution.
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