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1  Introduction
In RAN plenary #58 meeting, the study item for small cell in physical layer aspects was approved [1], and the following statement is captured in the corresponding SID:
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration. 

Considering highly densely deployed small cells, where a large number of small cells are deployed, it is necessary to consider the interference issue for efficient small cell operation. In this contribution, we discuss the potential mechanisms for interference avoidance and coordination in small cell environments.
2  Inter-cell Interference in Small Cell
Considering the deployment scenario mentioned in [2], the macro and small cell layer can operate in the same or different frequency band. For the case of co-channel macro and small cell layer, there are two kinds of inter-cell interference, which are inter-cell interference between macro and small cell, and inter-cell interference between small cells. For another case of non-co-channel macro and small cell layer, there is only inter-cell interference between small cells.
Regarding the inter-cell interference between macro and small cell layer, the already existing inter-cell interference coordination (ICIC) mechanisms used for HetNet, e.g. Rel-8/Rel-9 ICIC, Rel-10/Rel-11 eICIC/feICIC and Rel-11 CoMP, can be considered for interference mitigation. As for highly densely deployed small cells, the inter-cell interference between small cells is different from that in the HetNet where sparse deployed pico cells are under the coverage of macro cell and a strong interference from the macro cell interferes the transmission of pico cells. UEs in small cell layer are suffered from many interfering small cells and the conventional mechanisms used in HetNet may not be sufficient to handle the interference problem among small cells. Hence, it is necessary to discuss the mechanism for coordination of small cell interference.
3 Possible Solutions for Interference Avoidance and Coordination 
In this section, we discuss two possible solutions for interference avoidance and coordination for small cells.
· Carrier-based ICIC

The focus of ICIC and eICIC studies were on the co-channel deployment between the macro and pico cells in HetNet deployment, which allows the interfering cell and victim cells occupy separate time or frequency resource to mitigate the inter-cell interference. Rel-8 ICIC is a frequency domain solution with RB resolution. However, it is only applicable for data channel, while not being applied for control channels. In Rel-10/Rel-11, eICIC solution can mitigate the interference for both data and control channel where time domain inter-cell interference coordination is realized by configuring the ABS. However, it requires time-synchronization between involved cells. In Rel-11 discussions, it is assumed ideal backhaul and relatively good synchronization accuracy among cooperating cells. However, for Rel-12 small cell enhancement, a case of among small cells and non-ideal backhauls are considered.
In [2], it indicates that small cell enhancement should be applicable to all existing and as well as future cellular bands, with special focus on higher frequency bands, e.g., the 3.5 GHz band, to enjoy the more available spectrum and wider bandwidth. In higher frequency bands with a wider spectrum, multiple component carriers may be available, and thus carrier-based ICIC (CB-ICIC) could be considered as a possible solution for inter-cell interference mitigation in small cells, which requires looser requirement for synchronization accuracy. Thus, this scheme is suitable for Real-12 when assuming relatively rough synchronization and non-ideal backhauls among small cells.
· Dynamic on/off switching of small cells
In some scenarios (e.g., dense urban, large shopping mall, etc.), a lot of small cell nodes are densely deployed to support huge traffic over a relatively wide area covered by the small cell nodes. It is likely that the user distribution is very fluctuating between the small cell nodes and the traffic is fluctuating greatly over an even shorter time scale since the number of users per small cell node is typically not so large due to small coverage. A possible way for interference avoidance and coordination is dynamic on/off switching of small cells, which allows a small cell to stay in a inactive state with none or limited signal transmission when there is no UE served by the small cell and turn back on when UE enters its coverage again. By using this mechanism, less interference is generated to UE under the coverage of neighboring small cells with none or few UEs.
4 Conclusion
In this contribution, the following two possible solutions are discussed for inter-cell interference avoidance and coordination for small cells:
· Carrier-based ICIC

· Dynamic on/off switching of small cells
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