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1 Introduction
In 3GPP TSG RAN #58 meeting, the study item of “Small Cell Enhancements (SCE) for E-UTRA and E-UTRAN – Physical-layer Aspects” was approved for Release 12 study [1]. One of the objectives regarding operation efficiency improvement is the following:
· Mechanisms for efficient discovery of small cells and their configuration.
In this contribution, we discuss some desirable requirements for a discovery signal which can be applicable to small cell deployment scenarios. 
2 RRM measurements and cell discovery 
Discovery signals fall into the category of RRM measurements. Currently, a UE shall be capable of performing RSRP and RSRQ measurements of at least 4 inter-frequency cells per FDD inter-frequency for up to 3 FDD inter-frequencies within a given time [2]. Considering the analysis in sections 3 and 4, it needs to be decided whether the current requirements for RRM measurement fit the needs of different small cell deployment scenarios, and whether the measurement targets (number of cells and inter-frequencies, measurement interval) are sufficient for small cell deployment and operation.

Proposal 1: Study whether the current PSS/SSS/CRS discovery mechanism and performance requirements are sufficient for the needs of small cell deployment and operation.
3 Discovery for efficient small cell operation

Interference conditions in small cell networks [3] are radically different than in conventional homogeneous and heterogeneous networks, especially in dense small cell networks. Therefore, RAN1 needs to study whether conventional cell discovery techniques are still suitable. 
In addition, small cell networks will likely involve more frequency layers, making inter-frequency measurements potentially more challenging than in previous releases. In order to realize the full potential of load balancing and interference coordination, the UE may need to detect and measure small cells on carrier frequencies other than the one currently serving the UE even if cell reselection is not needed.
Observation 1: Rel-12 UEs operating in small cell networks should be able to detect cells in challenging interference environments.

Efficient small cell operation may require the introduction of techniques for interference management where some small cells may be silent at certain times. With the reduced interference, it may be possible to maintain or even improve the network throughput performance with reduced network resources, in cases such as where the traffic load is light or medium. If the traffic load increases, on the other hand, the network may activate some inactive small cells to support the increased traffic load. For example, transmission of common signals can be avoided in certain subframes, such as on NCT, without negative impact to the UE measurements. On the other hand if such solutions consist of cells that stop transmitting for a long time, the discovery of these cells would become even more challenging. Energy efficiency has also been mentioned as a possible motivation for silencing small cells as needed.
Observation 2: Turning off a cell for a long time would make the discovery of small cells even more challenging.
Note that even if a cell’s downlink is turned off, the cell could still monitor uplink transmissions, such as RACH, SRS, IoT, or modifications of existing signals. Therefore, discovery of those small cells could be effectively done through uplink listening. 
4 Properties of discovery reference signal
Depending on the requirements, the discovery reference signal (DRS) may need to be newly designed, or  discovery could be achieved with existing signals (PSS/SSS/CRS) or modified legacy signals (RCRS, CSI-RS). This section analyzes the desirable properties of a discovery reference signal. 

4.1 UE power consumption

UE power consumption for discovery and RRM measurements should be kept at a reasonable level. Therefore, requirements for discovery should also be defined considering UE power consumption. A short discovery time allows the UE to discover more cells in the same and different frequency layers without needing too many measurement gaps. On the other hand, timely discovery of small cells must be provided, considering both the density of the small cells and the maximum UE speed envisioned to be supported by the small cells. 
Proposal 2: Avoid substantial increase of UE power consumption for small cell discovery compared to legacy RRM measurements.

4.2 Synchronization of discovery RS from different small cells
A small cell can send its discovery RS asynchronously or synchronously to other small cells. One obvious concern of sending asynchronous discovery RS is increasing the amount of interference fluctuation in the system since the UE may not be unaware of discovery RS transmission of all small cells. Furthermore, the power efficiency is low for the asynchronous scheme since the UE may have to measure the small cells at many time instants. Therefore, it may be preferable to transmit the discovery RSs from multiple or all neighbor small cells into a common time interval, so that a UE can detect and measure discovery RSs from many neighboring small cells at least on one frequency band with one or a few attempts, and reduce the UE power consumption. On the other hand, pilot pollution is increased with synchronous transmissions due to interference among the discovery RSs. Moreover, considering that a small cell may still transmit the discovery RS when there is no load, there may be issues for the RSSI measurement since a UE may add the power of the discovery RSs from the silent cells into the RSSI calculation, which would underestimate the RSRQ. Nonetheless, the benefits of synchronous DRS transmission should be considered.
Proposal 3: Consider maintaining synchronized transmission of discovery reference signal from several small cells, as in legacy system.  
4.3 Enable effective discovery of weaker cells
In dense small cell deployment, there could be several strong interferers of similar strength. Under this interference condition, there is little benefit of interference cancellation due to the lack of a small number of dominant interferers. To identify a small cell with strong interference from other cells, the UE may need to perform a large amount of accumulation on the discovery RS. The detection probability of a relatively weaker small cell should be considered, as well as the target SINR for small cell discovery in dense deployments.
Proposal 4: Discovery reference signal should enable effective discovery of weaker cell.
4.4 Small cell identification
Since the discovery RS is used for identifying a small cell, some form of small cell identity should be carried on the discovery RS. In another word, the UE and the network should be able to differentiate a number of discovered small cells.
Proposal 5: Discovery reference signal should enable differentiation of individual small cells.
5 Conclusion
In this contribution, the discovery of small cells is discussed, leading to the following observations:

Observation 1: Rel-12 UEs operating in small cell networks should be able to detect cells in challenging interference environments.

Observation 2: Turning off a cell for a long time would make the discovery of small cells even more challenging.
As a first step for the study of small cell discovery, the following is proposed:
Proposal 1: Study whether the current PSS/SSS/CRS discovery mechanism and performance requirements are sufficient for the needs of small cell deployment and operation.
The desirable properties of a discovery reference signal (DRS) and requirements are also discussed. In summary, the following are also proposed:
Proposal 2: Avoid substantial increase of UE power consumption for small cell discovery compared to legacy RRM measurements.

Proposal 3: Consider maintaining synchronized transmission of discovery reference signal from several small cells, as in legacy system.  
Proposal 4: Discovery reference signal should enable effective discovery of weaker cell.
Proposal 5: Discovery reference signal should enable differentiation of individual small cells.
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