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1 Introduction

RAN1 has studied the performance of cell discovery for the case of dense small cell deployments, where reusing legacy cell-search mechanisms based on synchronization signals (SS) and reference signals (RS), namely Rel-8 PSS/SSS/CRS, is not trivially the most efficient approach. Other methods have been proposed and analyzed to enhance the performance of small cell discovery, including: methods based on PSS/SSS interference cancellation; methods based on other existing reference signals, including CSI-RS and PRS; and new discovery mechanisms. 
One aspects of small cell discovery that shall merit more attention if a small cell enhancement work item is agreed is the energy-efficiency of the cell discovery in dense small cell deployments.  In this contribution we discuss desirable features that a discovery signal transmitted by a small cell node in a dormant mode should have to support energy-efficient small cell discovery and the related measurements at the UE.
2 Discovery signals 
On one hand, discovery signals have been studied in association to detection of active cells in dense small cell deployments. To this end, a natural choice in the first phase of the SI was to consider the legacy cell detection mechanism based on PSS/SSS/CRS as the baseline to determine whether a UE can efficiently detect small cells in a dense deployment. In this case, performance was measured mostly in terms of detection probability and RSRP measurement accuracy for at least the top three cells, number of measurement samples etc. On the other hand, discovery signals have been studied in association to the detection of small cells in a low duty-cycle dormant (i.e., DTX) mode. In this context, letting a dormant small cell transmit PSS/SSS/CRS in every radio frame is not efficient for several reasons: it would not be energy efficient for the small cell node; and it would create strong interference on synchronization signals of active cells, thereby degrading the detection/synchronization of the UE to active cells and resulting in higher energy consumption at the UE. Therefore, the requirements and solutions for detecting a small cell in these two cases may be rather different. 
In what follows we consider the design of discovery signals targeting energy-efficient discovery of small cells in dormant mode. Ideally, small cells deployed for capacity boosting should be completely turned off when the additional capacity is not needed. For the purpose of energy saving at the network site, an alternative solution to completely turning off a cell is to enable the cell to enter a low-energy dormant mode with limited transmission and detection capabilities. Given that in average a cell transmits actively user data plane in about 5% of the average subframes [3], it was argued in [2] that the transmission activity in DTX mode in a dense deployment could be reduced to as low as 1%, thereby resulting in idle times up to tens of seconds. While this enables energy saving at the network side, the same cannot be said for the UE.

With the legacy LTE procedures, a UE cannot detect the presence of a small cell in dormant mode. For example, when a UE cannot find any active cell, the cell-search procedure would persist for (at least) as long as the shorter reactivation cycle among the dormant cells in the UE proximity. As this could amount to tens of seconds, the cell-search would severely drain the UE battery. Therefore, from an energy-efficiency view point, it is desirable to introduce new mechanisms that not only let the UE know the presence of a dormant cell and perform the related RRM measurements, but rather when the cell will be reactivated.

To accomplish the first task, RAN1 has studied solutions where a dormant small cell node transmits a discovery signal in bursts with long periodicity (for instance hundreds of ms) consisting, for instance, of DL-SS/RS, such as legacy SS/RS, modified version of SS/RS, or new downlink signals [1]. This signal could then be used by UEs to detect the presence of a dormant small cell node and, eventually, to help the network trigger the reactivation of the small cell node by transmitting an uplink wakeup signal. 
To improve the energy efficiency of discovery of dormant small cells at the UE, the discovery signal transmitted in each burst could carry an indication of the reactivation time of the small cell node. Upon successfully detecting such signal, a UE would know when a cell would be available for a connection. In this way, an UE could determine to suspend the cell-search until shortly before the small cell node becomes active, whilst an RRC_CONNECTED UE could postpone RRM measurements and synchronization until shortly before the cell is reactivated. The UE could also use this information to monitor another cells with a shorter reactivation time, or to trigger the reactivation of a cell with an uplink (wakeup) signal if the time prior reactivation for the detected cell is too long. Downlink synchronization signals and reference signals could also be transmitted for pre-synchronization and RSRP measurement shortly before the small cell reactivates. This would enable to speed up the UE connection to the cell, so as to use at best the short activation time of the cell for data transmission.   
Proposal: If a discovery signal is introduced, it may be beneficial to transmit an indication of the reactivation time of the dormant cell as part of the discovery signal. 
3 Conclusions
In this paper we discussed the necessity for discovery signals transmitted by dormant small cell nodes to be designed to support an energy-efficient cell discovery at the UE.  
Proposal: If a discovery signal is introduced, it may be beneficial to transmit an indication of the reactivation time of the dormant cell as part of the discovery signal. 
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