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1. Introduction
In 3GPP TSG-RAN #62, a new WI on LTE Small Cells – PHY enhancements was agreed [1] and its scope includes semi-static small cell on/off mechanism. In semi-static small cell on/off, it is important to take into account interference coordination to maximize its gain. In this contribution, we discuss our views on interference coordination for small cell on/off and propose some aspects to be considered.
2. Discussion
With applying small cell on/off, inter-cell interference condition will become very complicated as interferers change time by time. Especially in dense small cell deployment, it is not easy to coordinate inter-cell interference in such a condition. Therefore, it should be considered to share on/off information among eNBs for effective interference coordination.
Proposal 1: On/off information sharing among eNBs should be considered for effective interference coordination

It is preferable to minimize the opportunity of on/off information signalling. Therefore, small cell on/off with predefined pattern should be considered. In this case, on/off information will be on/off pattern such as “1, 0, 0, 0, 1, …..” and its periodicity such as 100ms, 500ms,….
Proposal 2: Small cell on/off with predefined pattern should be considered
In case small cell on/off is used for load balancing, semi-static on/off may not have enough flexibility. As shown in figure (a), no data can be transmitted during several hundred subframes when small cell is off. On the other hand, data transmission between 0% and 100% can be chosen if dynamic on/off with semi-statically selected predefined pattern is applied as shown in figure 1(b). Therefore, dynamic on/off with semi-statically selected predefined pattern should be considered.
Proposal 3: Dynamic on/off with semi-statically selected predefined pattern should be considered for flexible load balancing 
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(a) Semi-static on/off
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(b) Dynamic on/off with semi-statically selected predefined pattern
Figure 1: An example of dynamic on/off with semi-statically selected predefined pattern
To make interference condition simple, cell group based small cell on/off will be beneficial. Figure 2 shows an example of cell group based small cell on/off. In figure 2, cell#1, #2 and #3 belong to cell group#1 and cell#4, #5 and #6 belong to cell group#2, respectively. By applying cell group based small cell on/off, cells to be coordinated can be chosen statically or semi-statically and coordination among cell groups will simplifies interference management.
Proposal 4: Cell group based small cell on/off should be considered to simplify interference condition and interference coordination
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Figure 2: Cell group based small cell on/off
In figure 2, it is possible a UE connects to one cell which belongs to either cell group#1 or cell group#2. However, it will be beneficial for cell edge UEs to connect both one cell in cell group#1 and another cell in cell group#2 simultaneously especially when dynamic small cell on/off with semi-statically selected predefined pattern is applied. It allows cell edge UEs to utilize more subframes. When dual connectivity in co-channel deployment is specified, a similar scheme will be reused to allow a UE to connect to multiple small cells.
Proposal 5: It should be considered to allow a UE to connect to multiple small cells in the same frequency
3. Conclusion

We discussed views on interference coordination for small cell on/off and propose the followings:
Proposal 1: On/off information sharing among eNBs should be considered for effective interference coordination
Proposal 2: Small cell on/off with predefined pattern should be considered
Proposal 3: Dynamic on/off with semi-statically selected predefined pattern should be considered for flexible load balancing 
Proposal 4: Cell group based small cell on/off should be considered to simplify interference condition and interference coordination
Proposal 5: It should be considered to allow a UE to connect to multiple small cells in the same frequency
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