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1 Introduction
In RAN#62, a new work item “Small cell enhancements - Physical layer aspects” was approved [1]. Small cell on/off was extensively evaluated in the study item phase [2]. The achievable performance benefit has a high dependency on the feasible transition time for small cell on/off state. Higher benefits can be obtained if the transition time can be reduced. To support small cell ON/OFF, it has been identified that existing handover procedures, carrier aggregation procedure, or dual connectivity (if supported) can be used. However, solutions to reduce the on/off transition time for these procedures need further discussion. In this contribution, the transition time reductions for these possible procedures are discussed.
2 Discussions 
2.1 Transition time reduction for small cell on/off with handover procedure
Assuming the small cells are not fully loaded, in order to reduce the interference and energy consumption, some small cells can be switched off. The eNB should then offload the UEs to the cells that are in on state. The switched off cells can be re-opened if traffic demand increased. Assuming UEs are not capable of carrier aggregation, handover procedures can be used for such UE offloading. 
The HO procedure is triggered by UE measurement report and includes preparation (preparation message exchanged between eNBs) and execution phase. HO procedure requires around 100ms in total, i.e. 50ms for preparation and 50ms for execution (assuming the target cell is known).  It is unlikely to reduce the time for HO procedure unless significant change on HO procedure is introduced. The UE measurement and report procedure can include the time for cell identification and measurements. Depending the carrier frequency deployment, i.e. intra-frequency or inter-frequency handover, this procedure can require around 800ms or 5000ms, respectively, if the target cell is just switched on and has not been identified or measured by the UE [3]. However, if a small cell can be identified and measured even during OFF state, the above time duration may not be required between a small cell is switched ON and is ready to serve UEs. To achieve such transition time reduction, transmission of discovery signal shall be supported for small cells during OFF state, and the discovery signal shall be used at least for cell identification and RRM measurements.
Observation 1: To reduce the transition time for small cell ON/OFF with handover procedure, transmission of discovery signal shall be supported for small cells during OFF state, and the discovery signal shall be used at least for cell identification and RRM measurements.
2.2 Transition time reduction for small cell on/off with carrier aggregation procedure
In an inter-frequency deployment of macro and small cells, if carrier aggregation is supported, it is possible to configure the macro cell as Pcell and small cell as Scell for UE. Depending on the backhaul property between macro and small cell eNBs, existing carrier aggregation or dual connectivity procedure can be used. Scell can be added or removed when the cell is switched on or off, with RRC reconfiguration procedure. In this case, around 800ms for Scell identification is needed if a small cell is just switched ON and is going to be configured as Scell. However, if discovery signal can be transmitted during the small cell OFF state, time for such cell identification can be reduced so that the small cell that is just switched ON can be configured as Scell immediately. 
Scell activation/deactivation procedure can also be supported for small cell ON/OFF in carrier aggregation. In this method the small cell can be always configured as Scell for the UE irrespective of its ON/OFF state. The Scell can be activated by MAC signaling when the small cell is switched ON and deactivated when the small cell is OFF. It has been agreed in RAN4 [4] that the Scell activation delay is no longer than 24ms if the Scell being activated has been measured by the UE, and 34ms if it has not been measured. Therefore if discovery signal can be transmitted during OFF state for cell identification and measurement, it is possible to reduce the transition time to 24ms. 
While the details of dual connectivity have not been finalized, Scell addition/removal or activation/deactivation in principle can also be applied in dual connectivity. Reduction of transition time is also possible if discovery signal are transmitted during cell OFF state and can be used for cell identification and RRM measurements.
Observation 2: To reduce the transition time for small cell ON/OFF with carrier aggregation or dual connectivity procedure, transmission of discovery signal shall be supported for small cells during OFF state, and the discovery signal shall be used at least for cell identification and RRM measurements.

3 Conclusions
In this contribution, the potential transition time reduction for small cell ON/OFF is discussed. It was observed that transition time reduction for small cell ON/OFF is possible if discovery signal is transmitted during cell OFF state and is used for cell identification and RRM measurements. Therefore, it is proposed that the design of discovery signal shall support at least cell identification and RRM measurements and transmission of discovery signal during small cell OFF state shall be supported.
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