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1 Introduction
One of the objectives of small cell enhancements study item [1] is to study the mechanisms to ensure efficient operation of a small layer composed of small cell clusters, which 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 this document, we discuss small cell discovery aspects taking into account the scenarios and requirements for small cell enhancements captured in TR 36.932 [2] as well as corresponding RAN1 evaluation assumptions [3].
2 Requirements

Various requirements for small cell enhancements are studied during the RAN study phase considering system/mobility/coverage performance, core network related aspects, cost and energy efficiency aspects, and security aspects. Among the identified small cell enhancement requirements in [2], at least the following aspects should be considered with respect to small cell in a dormant mode and small cell discovery:
Energy efficiency:
· Small cell enhancement should target the network energy efficiency to be as high as possible, given a reasonable system complexity with considering the traffic characteristics of small cell enhancement.
· High UE energy efficiency should be targeted taking into account the small cell’s short range transmission path.

Mobility performance:

· For UEs being served on a macro layer, small cell nodes need to be discovered and potential mobility to small cell node performed, in a timely manner and with low UE power consumption in a situation when the UE moves into the coverage area of the small cell layer.

Furthermore, as a general requirement, common solution for small cell in a dormant mode and small cell discovery should be targeted regardless of small cell enhancements scenario, e.g. with and without macro coverage, outdoor and indoor, ideal and non-ideal backhaul, sparse and dense deployment, synchronized and un-synchronized scenarios, etc.
3 Small cells in a dormant mode

In order to achieve network energy efficiency target, as captured in [2], placing small cells in a dormant mode could be supported considering the increased likelihood of small cells not serving any active users. In addition, dynamic on/off switching of small cells supporting dormant mode could be utilised as means for interference avoidance and coordination. Once the small cell has switched to a dormant mode, it is required for a UE to discover the small cell in a timely manner when the UE moves nearby the small cell area. Figure 1 shows the transition between small cell in a dormant mode and non-dormant mode.
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Figure 1. Transition between small cell in a dormant mode and non-dormant mode
Dormant eNB operation could be accomplished by multiple approaches: 
Discovery signal based approach

For example, the dormant eNB may not transmit any downlink signal except the one with long DTX cycle (so called discovery signal) to inform UEs of the presence of the cell. Then, the UE can discover the dormant cell and can assist the cell to be reactivated. If the UE does not detect the presence of the small cell in its proximity, the small cell may lose the offloading opportunity. The discovery signal can be newly designed or formed from a legacy signal (e.g. PSS/SSS, CRS, PRS, CSI-RS). A discovery signal should be designed taking into account the trade-off between energy efficiency and offloading potential, e.g. DTX cycle length, resource utilization of the discovery signal, etc. For example, reduced CRS (1 RS port within 1 subframe with 5ms periodicity) in the context of NCT could be considered as one candidate for discovery signal. However, 5ms transmission periodicity would be rather frequent so that energy efficiency gain would be compromised accordingly. Corresponding UE measurement procedure may need to be defined depending on the discovery signal design.
UL signal based approach

On the other hand, a dormant eNB may not transmit any downlink signal including discovery signal. As provided in [4], a UE could be configured to transmit a specific UL signal, e.g. PRACH, SRS, and PUSCH data and associated DMRS. The “wake-up” operation is based on the dormant eNB detecting the UL transmission of the UE and reporting details of the detected signalling back to the Macro eNB. With this information the Macro eNB is able to identify the UE and to reactivate the dormant eNB. Either macro eNB or pico eNB may be possible to reactivate the dormant eNB. For example, in small cell scenario 3, pico eNB could determine the reactivation of the dormant eNB. From this approach, less RAN1 spec impact would be expected by reusing existing UL signal.
In addition to discovery of small cells in a dormant mode, the discovery of small cells not in a dormant mode has been raised as a potential issue for consideration in the study item. For example, for a dense small cell deployment scenario, it has been proposed to consider efficient discovery procedures other than that of legacy PSS/SSS and CRS based approaches. Therefore, certain evaluations should first be needed to identify whether the UE’s discovery of many cells nearby would delay or otherwise degrade the process of cell discovery. Further evaluation results can be found in our companion contribution [5].
Current LTE mobility procedure is differentiated based on the UE RRC state, i.e. a UE in RRC_IDLE performs cell reselection while network-controlled UE-assisted handovers are performed for a UE in RRC_CONNECTED. Further discussion is needed whether the discovery of small cell for a UE in RRC_IDLE should be supported.
4 Conclusions
Based on above discussion, we support small cell operation in a dormant mode to fulfill the identified small cell enhancement requirements, e.g. network/UE energy efficiency and mobility performance, together with the possibility of interference avoidance and coordination. For the discovery of small cell in a dormant mode, we currently prefer to use an approach based on existing UL signals because it is expected to have minimal spec impact and conceivable performance gain. However, we would like to see evaluations of potential benefits of dormant mode operation together with discovery signal candidates before making a final decision. 
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