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1 Introduction
The Study Item (SI) on the physical layer aspects of small cell enhancement was approved [1] and the document, TR 36.932 includes the scenarios and requirements for small cell enhancements [2]. 

From the following sentences of “High UE energy efficiency should be targeted taking into account the small cell’s short range transmission path. This means balancing effort in terms of UE energy efficiency, e.g., reducing required energy/bit  for the UL,  UE mobility measurements, cell identification and small cell discovery, end-user experience and system performance.” small cell discovery in small cell enhancement SI is regarded as a significant discussion topic to prevent UE from consuming excessive battery power. 
In this contribution, network-controlled small cell discovery methods under synchronized network are addressed in terms of constituting a measurement set list for small cell discovery, and some issues are discussed: One is location based- and the other is non-location based method i.e. small cell measurement based discovery method, and finally discusses some issues for this study. 
2 Small Cell Discovery Methods
The small cell deployment within macro eNB coverage, i.e., small cell target scenarios (1/2a/2b), may require new operation procedures for supporting a large number of small cells with low signalling overhead and low UE battery consumption. In particular, when it comes to small cell target scenarios, the increase in the density of small cells may cause the large size of the measurement set list, and it burdens UEs. In this regards, efficient small cell discovery methods have to be investigated. 
2.1 Location Based Discovery Method
When a UE camping on a macro eNB is equipped with GPS, the UE can get the current position information and report it to its serving macro eNB. Alternatively, the network with a location based system (Macro eNBs-Assisted) can estimate the location information of the UE. If the macro eNB also knows the information of the small cell nodes (picocell nodes) deployed in the macro cell, the macro eNB can indicate the measurement set list of the small cells to the UE through a dedicated channel. The measurement set list includes the information of the small cells possibly being adjacent to the UE. However, the drawback of this method is found for the indoor UE owing to the shadowing effect.  Therefore, the followings for the proper operation of the method should be considered. 

· Definition of the signalling to report the position information of a UE to a macro eNB

· Countermeasure for shadowing effects

2.2 Physical Signal Measurement Based Discovery Method
This method does not count on the measurement and reporting of location information but on the measurement of physical signals transmitted by UE e.g. SRS. The operations are as follows. 
· A UE camped on the macro cell first establishes the connection to the macro eNB.
· The macro eNB announces the information of the connected UE to small cells deployed within the macro eNB coverage through ideal or non-ideal backhaul. For example, the information is about the configuration of the UE specific SRS. 

· The small cells listen to SRS of the UE and report some gathered information to the macro eNB, e.g. received signal power.

· The macro eNB constitutes the measurement set list and indicates the list to the UE. 
· The UE connects to the nearest small cell node based on the measurement set list. 

For the sake of the operation, the signalling needs to be defined respectively from macro eNB to small cell group and from small cell group to macro eNB. 
3 Issues for Small Cell Discovery
In the light of an efficient utilization of the total network power, the total energy consumption by UEs and small cell nodes should be minimized while the advantage of cell throughput improvement due to small cells maintains. The following issues should be further investigated in order to 

· Reduce the number  of small cells activated for listening to the UE specific SRS

Meanwhile, considering the configurations and operations of DTX/DRX discussed in [3], the discovery methods based on physical signal measurement have to be studied in order that
· Dormant small cells successfully listen to the UE specific SRS without the losses of the UE discovery time and energy saving
4 Conclusions
In this document we address the candidates for small cell discovery methods that indicate a measurement set list to a UE and some issues for small cell discovery. 

· Location information based discovery method
· Small cell measurement based discovery method
As pointed out, both methods require the new definition of the higher layer signalling. It has been already proved that the small cell deployment in macro coverage results in the increase in capacity, but such HetNet configuration demands additional operations such as small cell discovery at UE. Consequently, the efficient methods for small cell discovery should be further investigated in the aspects of the signalling overhead and the energy consumption of both UE and small cell nodes. 
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