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Discussion and Decision
1. Introduction

At the RAN#58 plenary meeting, a new SI of RAN1 for small cell physical layer enhancements [1] was approved. TR36.932 [2] from RAN level provides different aspects of considerations on small cell deployment scenarios and the SI in RAN1 would be discussed base on that. 
Since the relative high density of small cells is a new scenario for R12 small cell SI, interference avoidance and coordination methods in this scenario should be investigated. In this paper, we give our views on interference mitigation methods from perspectives of impacts on UE, mobility, etc.
2. Discussion
In R10/11 eICIC/FeICIC, the maximum number of small cells in coverage of one macro cell is 10 in simulation assumptions. If small cells are deployed in coverage holes without macro coverage or applied for   mall, stadium capacity enhancements, the number of small cells could be correspondingly increased which can be identified as high density deployment scenario. And this high deployment density of small cells scenario has been highlighted in previous discussions in both RAN and RAN1. However, interference mitigation methods from R8 to R11 such as ICIC, eICIC/FeICIC, CoMP are not sufficient to solve the interference issue for this scenario. 
Clustered small cells method
Interference between small cells is a main issue especially for non-channel deployment of macro and small cells. If small cells in a certain geography area could be deployed as a cluster, interference among small cells in one cluster could be avoided. This clustering method could be a candidate interference mitigation solution. Similar to CoMP scenario 4 in R11, the small cells in one cluster share the same physical cell ID. The number of small cells in clusters could be different according to coverage area and capacity requirement as illustrated in Figure 1. 
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Figure 1. Example of small cell clustering

For high speed UEs passing through the area covered by multiple small cells, frequent handover times and relevant handover failure times could be reduced by utilizing clustering method. The performance gain could be further evaluated in RAN2. 
However, there are still some drawbacks of clustering method which should be investigated. The cell splitting gain may be decreased since the coverage area of small cell is substantially changed to larger one. And one bottleneck of clustering method may be UE capability. In R11 CoMP, UE can support CSI measurement and reporting from 3 transmit points for dynamic cell selection. Whether the R11 UE capability is sufficient for clustered small cell scenario should be further studied. The number of small cells in one cluster may be limited by UE supported CSI measurement/reporting.
Proposal 1: Clustered small cells method is one candidate method for interference mitigation and coordination. The number of small cells in one cluster should be evaluated according to interference decrease, UE measurement/reporting increase and frequent handover reduction.
Since the traffic under some specific small cells may be very low or even no UE is served by these cells, switching off these small cells could also reduce interference. Autonomous switching on/off could be applied to mitigate interference and period scale of switching is main issue to be researched. Power setting method for HeNB in R10 eICIC could also be candidate solution by optimizing coverage autonomously to traffic load.
Observation: Autonomous switching on/off and power setting methods could also be candidate solutions.
Carrier selection method
If small cells are deployed in higher band than the band of macro layer such as 3.5GHz band, available frequency resources for small cells would be more adequate. Thus carrier selection method could be used for small cells in this scenario. Adjacent small cells could be configured with different carriers to avoid severe interference. Considering UE mobility, clustered method could also be applied to carrier selection. It could be evaluated how to integrate carrier selection and clustering method.
Proposal 2: Carrier selection method could be used in higher band of small cell, e.g. 3.5GHz. Small cell clustering method may also be applied under carrier selection scheme.
3. Conclusion

In this contribution, we gave our views on basic interference mitigation and coordination methods for small cell. Our proposals and observation are summarized as the following: 
Proposal 1: Clustered small cells method is one candidate method for interference mitigation and coordination. Number of small cells in one cluster should be evaluated considering interference decrease, UE measurement/reporting increase and frequent handover reduction.
Observation: Autonomous switching on/off and power setting methods could also be candidate solutions.
Proposal 2: Carrier selection method could be used in higher band of small cell, e.g. 3.5GHz. Small cell clustering method may also be applied under carrier selection scheme.
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