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1 Introduction 
In RAN #58, Rel-12 Study Item “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” has been approved, which is a follow-on study after the completion of another Study Item targeting scenarios and requirements for small cell enhancements [1][2]. In this contribution, we discuss our views on small cell discovery.

2 Discussion
2.1 Requirements for small-cell discovery

According to TR 36.932, the Rel-12 SCE Study Item should consider the support of dormant cells by placing small cells not serving any active users into a dormant mode. Introducing a dormant state for cells could be particularly beneficial in hyper-dense small cell deployments; by turning off unnecessary cells or turning on cells with short radio distances from the UE this can enhance not only the network energy efficiency but also the UE energy efficiency. 
In order to enable the network to activate dormant cells near the UE, the dormant cells may need to transmit some signals called discovery signals so that the UE can detect and decide the proximity of the cells. The following describes some of the important aspects that should be considered in the design of discovery mechanisms and signals.
· Energy efficiency: To allow for energy efficient small-cell discovery, the UE’s neighboring small cells may need to transmit discovery signals within a common time interval. The duration and the periodicity of the discovery signals should consider the UE’s DRX operation. If the macro- and small-cell layers operate on different frequencies, the UE may need to perform inter-frequency measurement on small cells. To avoid overly excessive UE power consumption, frequent inter-frequency measurements should be avoided and discovery signal transmission on the frequency of the macro-cell should be considered [3].
· Impact on legacy operations: The discovery signals should not affect the legacy RRM measurements. The discovery signals should not deteriorate the existing RRM measurement performance, e.g. the impact of discovery signals transmitted by dormant cells on RSRQ measurement.
· Backward compatibility: If possible, the discovery mechanisms should be applicable for legacy UEs.

2.2 Deign of discovery signals based on legacy signals

Discovery signals can be designed based on legacy signals. In terms of UE complexity and backward compatibility, using legacy signals with some modifications if necessary should be considered first before going into the design of a new signal. RAN1 contributions mostly consider reusing PSS/SSS, CRS, and CSI-RS. 

The introduction of discovery signals is mainly discussed in the context of introduction of the dormant cell state. However, as some of previous contributions pointed out, in HetNet environment, where macro cells create very large interference to co-channel small cells, and in hyper-dense small cell environment, where small cells are so closely packed that they give large interferences to each other, the current cell detection and measurements based on legacy signals may not work well. Further, there can be a problem with cell identification in dense-small cell deployments due to the scarcity of physical layer cell IDs. 

Using modified PSS/SSS as discovery signals

The reuse of legacy signals should carefully consider impacts on legacy UEs: The reuse of PSS/SSS (or including CRS) as discovery signals, with modification of only the period, can potentially create confusion problems for legacy UEs in cell detection and measurements. Further in a synchronized network, the collision of the signals between cells can deteriorate detection performance. Note that synchronized operation of small cells is preferable for efficient interference coordination, CoMP, and carrier aggregation involving different nodes. However, the existing cell detection mechanism based on PSS/SSS may suffer greatly in the synchronized cell deployments particularly with hyper-dense small cells. 

The above consideration suggests that the reuse of those legacy signals can only work effectively when the transmission patterns of discovery signals in the time-frequency resource space are different from those legacy signals. Other aspects that need to be taken into account in designing discovery signals based on PSS/SSS are described below.
· The same center 6 RBs should be used for discovery signal transmission for all transmission bandwidths. 
· To allow for simultaneous detection of cell search signals and discovery signals, the time-domain position of the discovery signals can be set to coincide with the subframes containing PSS/SSS but located at different OFDM symbols. 
· The PSS/SSS signals may employ sequences different from the legacy PSS/SSS sequences to reduce the impact on legacy UE’s cell search and measurement operation. 
· Discovery signals transmitted by neighboring cells may need to be TDM-multiplexed to avoid creating strong interference between them. 
· REs that are used by a discovery signal of a cell may need to be muted by the neighboring cells to avoid large interference on the discovery signal. 

Using CSI RS as discovery signals

The use of CSI-RS as discovery signals is similar to introducing the CoMP RRM measurement set. The measurement for small cell proximity detection is similar to the measurement for TP selection in CoMP. In this case, the eNB needs to configure a set of CSI RSs transmitted by small cells and the UE can report the results of measurement on the configured CSI RS set.  
This method requires configuration by the eNB and does not allow UE autonomous cell identification since the UE generally cannot obtain synchronization from CSI RS only. The UE may use the serving cell’s timing as timing reference for discovery signal detection, which thus requires a tight synchronization between small cells and even between the macro and small cells, similar to Rel-11 CoMP Scenarios 3 and 4.  In the case of macro-cell assisted discovery, the UE may obtain synchronization for small cells from the PSS/SSS/CRS transmitted by the serving macro cell. In the absence of the macro coverage, the UE may acquire synchronization from PSS/SSS/CRS transmitted by the serving small cell, and use the serving cell timing in detecting discovery signals transmitted by nearby dormant small cells. 
The feasibility of using CSI RS as discovery signals needs further study in relation with the network synchronization. Aside from the synchronization aspect, the use of CSI-RS as discovery signals needs to consider the following aspects.
· If necessary, in order to enhance the accuracy of the measurement, the RE density of the discovery signal along the frequency axis can be increased, e.g. resources corresponding to the 4 CSI RS antenna ports can be allocated for the discovery signal transmission.
· The use of CSI RS resources for discovery signal transmission has the least impact on legacy UEs because the discovery signals can be covered by ZP CSI RS resources and hence can be rate-matched around in PDSCH RE mapping. 
2.3 UE proximity discovery by dormant cells
Instead of cells transmitting discovery signals and UEs detecting them, UE can transmit a discovery signal upon request from the network in uplink to be detected by nearby dormant cells. This type of UE discovery by cells may provide an energy efficient discovery mechanism in hyper-dense small cell environments when most of the small cells are dormant and a very small number of active UEs are around. The UE discovery by cells can be studied as a technique complementary (or as an alternative) to small cell discovery
Regarding candidate mechanisms for the UE discovery by cells, the transmission of existing uplink signals such as RACH and SRS can be considered [7]. Note that this method is also applicable for legacy UEs. In another way, the same mechanism as the UE proximity discovery in D2D can also be applied to the UE discovery by cells. 

3 Conclusions

In this contribution, we have discussed the physical layer aspects that should be considered in the discovery signal design. Regarding the small cell discovery by UE, some of requirements and consideration points have been discussed, and aspects that need to be considered in designing discovery signals based on legacy signals PSS/SSS and CSI RS have been compared. The UE discovery by dormant cells is suggested to be discussed as an alternative or complementary technique to the cell discovery by UEs.
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