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1. Introduction
It had been discussed in RAN3 the necessity and possibility of signalling overhead reduction in dense small cell deployments. It was claimed by some delegates that the increased X2 signalling load would also deteriorate the network performance in case of Dual Connectivity operations. After the discussion, TR 36.876 is updated accordingly [1]:

· Reduction for mobility related signalling load for single connectivity UEs has been studied in Rel-12 and captured in the TR 36.842 [4]. While the focus in Rel-12 was on S1 signalling load towards the core network, it might be beneficial to focus on potential solutions to reduce the X2 signalling load for DC operation. Solutions that foresee impact on Release-12 UEs shall be precluded.
In this contribution, we attempt to clarify that whether there are issues with the increased X2 signalling overhead when having dual connectivity operations and whether the available solutions improve the system performance.
2. Discussion
2.1 X2 signalling overhead in DC
Signalling overhead reduction is one of the requirements of small cell enhancements [2]. It is mentioned that small cell enhancements should minimize signalling load (e.g., caused by mobility) to the core network as well as increase of backhaul traffic due to increasing number of small cell nodes. Quantified analysis of signalling load with respect to increasing number of small cells is given in TR 36.842 [3]. Fig.1 shows the number of handover for different UE speeds when 10 small cells are deployed per macro cell. The simulation results illustrate 120%-140% increase in the number of mobility events compared to a macro only network. Following this observation, a statement is made that the amount of signalling messages over the radio interface between the source eNB and the UE, signalling over X2 interface as well as signalling towards the MME and the S-GW is likely to increase.
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Fig 1: Increase in number of handovers where 10 small cells are deployed per macro cell
In Rel 12, it is proposed to simultaneously connect a multiple Tx/Rx UE in RRC_CONNECTED via radio resource with two district schedulers, located in two eNBs connected via a non-ideal backhaul over the X2 interface [3]. This is what is known as Dual Connectivity operation. The benefits of DC include the signalling load reduction towards the CN by using 3C architecture. In 3C architecture, the S1-U is terminated at the MeNB with all the U-plane traffic from the S-GW being delivered to the MeNB. At the meantime, PDCP data is transferred between the MeNB and the SeNB. By using 3C architecture, the handover between small cells and within the coverage of the macro cell is hidden from the CN (no Path Switch procedure is required) since the PCell is unchanged during the handover. 
To reduce the C-plane signalling overhead to the CN by routing all the traffic via MeNB would increase the U-plane overhead on Transport Network as well as inter-eNB signalling [3]. However, from the quantified analysis in [3], no obvious evidence is found to support the conclusion that the increased inter-eNB signalling would put a burden on the X2 interface between the MeNB and the SeNB. Compared to the S1 interface, X2 interface involves only two network entities (the two eNBs) and thus encounters relatively low data traffic and signalling overhead. When deployed, the capability of the eNB and capacity of the X2 interface should ensure the necessary functionalities of the DC and the necessary signalling transfer (including the increased inter-eNB signalling) for the DC can be supported. As a result, we do believe that the increased inter-eNB signalling can be handled properly by existing DC solutions without cause severe performance degradation and data traffic congestion.
Meanwhile, it has not been demonstrated that the increased inter-eNB signalling is dominated by the frequent small cell mobility events. Therefore, it is not reasonable to solve the problem of increased signalling overhead by optimizing the small cell mobility management in DC. 
Observation 1: there is no issue with the increased X2 signalling for DC operations.

Proposal 1: Further quantified analysis should be provided to demonstrate the necessity of the reduction of the X2 signalling overhead.
Proposal 2: It is proposed to remove the paragraph regarding the X2 signalling reduction in [1].
3. Conclusion
In this contribution, we discuss the X2 signalling overhead in DC.  According to the overall analysis, we have the following observations and proposals. We kindly ask the RAN3 to agree on the following observations and proposals.
Observation 1: there is no issue with the increased X2 signalling for DC operations.

Proposal 1: further quantified analysis should be provided to demonstrate the necessity of the reduction of the X2 signalling overhead.

Proposal 2: It is proposed to remove the paragraph regarding the X2 signalling reduction in [1].
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5. Text Proposal to TR36.876
Beginning of Text Proposal
5.
Potential Issues

5.1
X2 Signalling load reduction for DC operation
Reduction for mobility related signalling load for single connectivity UEs has been studied in Rel-12 and captured in the TR 36.842 [4]. While the focus in Rel-12 was on S1 signalling load towards the core network, it might be beneficial to focus on potential solutions to reduce the X2 signalling load for DC operation. Solutions that foresee impact on Release-12 UEs shall be precluded.
End of Text Proposal
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