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1  Introduction
After the discussion in RAN plenary #61, in order to reach efficient progress, the further work within the SI phase until RAN#62 should focus on the following items [1]:

· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission

· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.

· Further assess the radio interface based inter-cell synchronization, focusing on network listening, to achieve synchronization between a small cell and the overlaid macro cell, synchronization between small cells in the same cluster and synchronization between small cell clusters. 
In this contribution, we provide our views on the definition of small cell on/off and discuss the mechanism to reduce the transition time for small cell on/off.
2 Definition of small cell on/off 
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.
It is noted that a cell in the SI of small cell may refer to a component carrier. Small cell on/off means a small cell is turned on and turned off adaptively. 
· When a small cell is turned on, it transmits the signals as the legacy carrier, including the CRS.
· When a small cell is turned off, the CRS is not transmitted by the small cell to mitigate the inter-cell interference.

3 Mechanism to reduce the time scale for small cell on/off adaption
The criteria used to determine the state of small cell are mainly the traffic load increase/decrease, UE arrival/departure, and packet call arrival/completion [2]. From the simulation results in [2], it can be observed that performance gains from semi-static small cell on/off are obtained with sparse UE distributions or when the transition time reduces to tens of milliseconds. Also, it is shown that the gain of throughput is getting larger when the feasible time scale of transition is reduced.

According to the discussion in Section 2, there are two states for a small cell, which are on state and off state. If a UE in the coverage area of the small cell has to be served by downlink data transmissions, a small cell is switched on. To reduce the delay for the small cell off-to-on, the discovery signal can be utilized, where UEs can discover the small cell in the off state and estimate the cell quality by means of discovery signal measurements so that additional measurement delay after the cell is turned on can be decreased. It is possible that the legacy reference signal, such as PSS/SSS, CRS and CSI-RS, or a newly designed physical signal can be used as the discovery signal. From the perspective of energy saving and interference mitigation, the discovery signal are transmitted periodically in a bursty manner [3]. However, the periodicity of the discovery signal should be well investigated. A short discovery signal transmission cycle may reduce the time to detect the small cell but it may create more inter-cell interference to neighboring small cells and less energy efficient. In contrast, a long discovery signal transmission cycle may cause larger delay to detect dormant small cells but it is more energy efficient.
Proposal: The periodic discovery signal can be used to reduce the feasible time scale for small call on/off but the periodicity of the discovery signal should be well investigated.
4 Conclusion
In this contribution, we discuss the mechanism to reduce the transition time for small cell on/off and propose that
Proposal: The periodic discovery signal can be used to reduce the feasible time scale for small call on/off but the periodicity of the discovery signal should be well investigated.
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