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1  Introduction
Considering densely deployed small cells, time-varying user traffic loads of small cells will cause substantial interference between the small cells. Interference coordination and avoidance mechanisms are therefore relevant in the scenario of small cells.
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.
In RAN1#72bits meeting, several mechanisms for interference avoidance and coordination for small cells are proposed and one of option is small cell on/off.
In this contribution, the time scale for small cell on/off adaption is discussed.
2  Benefits of small cell on/off 
To increase network capacity and reduce coverage holes, a large number of small cell nodes can be densely deployed in some scenarios (e.g., shopping mall, dense urban). However, in high density small cell deployed scenario, a lot of problems may be induced, such as inter-cell interference, energy consumption, etc. 
Small cell on/off is beneficial for dense small cell deployments, in terms of interference avoidance and energy saving.
· Interference avoidance and coordination: 
Due to the small coverage of small cell, the number of user per small cell is generally not so large and the user distribution is very fluctuating. Therefore, the traffic of each small cell is also fluctuating greatly and the fluctuation would be increased as the density of small cell increase. To mitigate the inter-cell interference between small cells, a possible way is on/off switching of small cells, which allows the network to turn on or off some small cells to accommodate the interference mitigation requirement and traffic need. If the mutual inter-cell interference is strong or the traffic is light, the network can turn off some small cells and those small cells stay in an inactive state with none or limited signal transmission. By using this mechanism, less interference is generated to UE under the coverage of neighboring small cells with none or few UEs. 
Energy saving: 
It is obviously that the large number of small cells increases power consumption of the network and the importance of energy saving will play an even larger role than before. From the network side, some small cells may not serving any UEs and therefore should be turned off for energy saving. Moreover, on the UE side, to detect a large number of small cells would spend much time performing measurements and consume much battery power. In this respect, small cell on/off provides opportunities as turning off the small cell during quiet times to enable energy saving at both the UE and the network side. 
3 Time scale for small cell on/off adaption
Small cell on/off refers to turning on and turning off a small cell adaptively. When the small cell is turned on, it transmits the signals as the legacy carrier, such as CRS used for measurements and demodulation. When the small cell is turned off, it does not transmit any signals necessary for data transmission.
There is currently no agreement on the time duration of small cell on/off adaption, i.e., how dynamically small cells are turned on/off. The small cell on/off can be performed dynamically (at subframe level) or semi-statically (turned on/off for a longer duration of time, e.g., seconds or tenths of seconds).
· Dynamically: 
Small cell on/off adaptation based on data arrivals, i.e., the small cell is turned off and does not transmit any signal including CRS when there is no traffic in the cell [2].
· Semi-statically: 
Small cell on/off adaptation based on UE-cell associations, i.e., small cells without any UE attached will be turned off and will not transmit any signal including CRS [3].
If the small cell on/off is performed at subframe level, the on/off states of multiple small cells may change frequently. This may impact the CSI and RRM measurement. To be more specific, when a UE is served by a dynamically on/off small cell, the CRS may not be transmitted in every subframe and this may cause the degradation of throughput as the latest CSI cannot be fed back for the serving small cell for scheduling PDSCH. Also, the measurement of RSRP or RSRQ for cell selection/re-selection or handover is also influenced due to the dynamically changed on/off state. Hence, based on the above discussion, we prefer the mechanism of turning small cell on/off semi-statically.
Proposal: To avoid the impaction of the CSI and RRM measurement, the study of turning small cell on/off semi-statically can be prioritized.
4 Conclusion
In this contribution, we discuss the time scale for small cell on/off adaption and the have the following proposal:
Proposal: To avoid the impaction of the CSI and RRM measurement, the study of turning small cell on/off semi-statically can be prioritized.
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