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1. Introduction
In TR36.932 [1], scenarios and requirements for small cell enhancements are provided to improve system capacity and performance. Based on the requirements, several targeted scenarios are listed in [1] for further study and these scenarios include: 
With/without macro coverage

The UE is in coverage of both the macro cell and the small cell simultaneously or the UE is not in coverage of both the macro cell and the small cell simultaneously.
Sparse and dense
In some scenarios (e.g., hotspot indoor/outdoor places, etc.), single or a few small cell node(s) are sparsely deployed, e.g. to cover the hotspot(s). Meanwhile, in some scenarios (e.g., dense urban, large shopping mall, etc.), a lot of small cell nodes are densely deployed to support huge traffic over a relatively wide area covered by the small cell nodes.
Synchronization

Both synchronized and un-synchronized scenarios should be considered between small cells as well as between small cells and macro cell(s). For specific operations e.g. interference coordination, carrier aggregation and inter-eNB COMP, small cell enhancement can benefit from synchronized deployments with respect to small cell search/measurements and interference/resource management. 
Spectrum

Some example spectrum configurations are:

1.
Carrier aggregation on the macro layer with bands X and Y, and only band X on the small cell layer

2.
Small cells supporting carrier aggregation bands that are co-channel with the macro layer

3.
Small cells supporting carrier aggregation bands that are not co-channel with the macro layer

Backward compatibility

Backward compatibility, i.e. the possibility for legacy (pre-Release 12) UEs to access a small-cell node/carrier, is desirable for small cell deployments.
In this paper, the necessity to support on/off operation for small cells is discussed first and then our views for efficient discovery of small cells are provided.  Proposals are summarized in the conclusion section.


2. Discussion
2.1 Necessity to support on/off operation for small cells

In LTE Release 12, deployment of small cells is proposed to further boost system throughput as well as improve user experience, considering the burst of data traffic in the near future due to recent prevalence of smart phones. However, deployment of more eNBs implies higher interference level in the air interface and more power consumption of the networks. In order to achieve the best trade-off of power efficiency and system throughput gain through the deployment of small cells, it’s better to make small cells with none or few user traffic non-active or stay in a state with none or limited signal transmission. Therefore, the first question to ask before discussing efficient methods to support small cell discovery is whether it is practically effective to introduce non-active or almost non-active state for small cells.

Table 1 and Figure 1 show that the UE throughput for configuration 1 with 25 UEs per macrocell sector and configuration 4b with 30 UEs per macrocell sector, which are defined in [2], increases with the number of small cells and then saturates or even decreases a little bit when the number of small cells in a cell is larger than 8. It means that there is almost no gain to the system even if more small cells are deployed or stay active. After further analysis, we found that the number of served UEs per small cell is decreasing or there is even no served UE in some of small cells. In other words, there is no need to deploy or activate so many small cells under this condition. If all of small cells are always in active mode, it introduces not only low power efficiency but also system performance degradation due to higher inter-cell interference level. In Figure 2, the power consumption is calculated based on the equation, PTotal = PMeNB * NMeNB + PLPN * NLPN * (1 – qoff), where qoff is the ratio of unused LPN. From the figure, we can see that the consuming power exponentially increases with the number of small cells and the consuming power of “Macro+LPNs wo ON/OFF” increases with a tendency faster than that of “Macro+LPNs w ON/OFF”. Compared with “Macro+LPNs wo ON/OFF, “Macro+LPNs w ON/OFF” shows the power consumption of the network with small cells turned off, where there are no served UEs. If small cells with few served UEs (1 or 2 served UEs) are turned off as well, the power consumption of the network will further decrease without significant impact on system throughput. Therefore, it is better to introduce non-active state, where there is no or very limited signal transmission, for the small cells to improve the power efficiency of the networks.
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If non-active state is introduced to a small cell, the issue is how UEs discover non-active small cells efficiently and provide enough information to the networks to decide whether to recover the discovered small cell back to active state. Discovery signal for small cells can be one of solutions and requires further study and investigation.
Proposal #1:  For power consuming efficiency and inter-cell interference control among small cells, non-active state should be introduced to small cells. The definition of non-active state of a small cell can be studied further.
2.2 Functions of discovery signal

With the discussion in previous section, non-active state for small cells can provide both data offload flexibility and power consumption efficiency for the cellular networks. However, one important issue is how UEs discover a small cell in non-active state and report enough information for the network to decide whether to activate the discovered small cell. From our views, a reference signal for discovery seems necessary and it can provide the following functions.
· Discovery of small cells nearby by UEs

· When small cell switches to non-active state, it may transmit nothing but the discovery signal with a long period.
· For UEs, the discovery signal can be used to detect the existence of single or multiple small cells nearby no matter whether it is active or not.

· Discovery of small cells nearby by small cells

· For small cells, it can be used to detect the existence of neighboring small cells to support autonomous configuration.
· Measurement/reporting to support efficient on/off operation of small cells
· For the network, measurement reporting of the discovery signal from UEs may provide good reference about the number of UEs within the coverage and inter-cell interference condition for efficient on/off operation among small cells
· Carry configuration information of a small cell
· Since an UE has to detect the discovery signal before connecting to a small cell, the discovery signal may be used to carry small-cell-specific configuration information to enable fast connection procedure.
· Synchronization
· Depending on the design of discovery signal, it may be able to support or assist initial synchronization or time-frequency tracking, especially when inter-cell interference is high in frequency reuse one environment.
Considering backward compatibility, it’s better to reuse existing reference signals as the discovery signal for small cells.  However, depending on the functions of the discovery signal, it requires further evaluation to see whether existing reference signals can be used to support efficient operation of small cells before considering a new design of discovery signal as one of options. In our views, it would be better to support both legacy and R12 UEs to discover small cells even if non-active state is introduced for small cells. 
Proposal #2:  Discovery signal should be considered as one of options for small cell discovery if it is agreed to introduce non-active state for small cells. The functions of the discovery signal should be discussed together with other mechanisms to support small cell efficient operation.


3. Conclusion

In this paper, we provide our views on the necessity and the functions of discovery signal for small cells. The proposals are summarized as follows.
Proposal #1:  For power consuming efficiency and inter-cell interference control among small cells, non-active state should be introduced to small cells. The definition of non-active state of a small cell can be studied further.
Proposal #2:  Discovery signal should be considered as one of options for small cell discovery if it is agreed to introduce non-active state for small cells. The functions of the discovery signal should be discussed together with other mechanisms to support small cell efficient operation.


4. Appendix

Simulation parameters are listed as below.
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Figure 1. Average/medium/edge user throughput for configuration 1 and 4b (medium: 50% point of CDF; edge: 5% point of CDF).  





Table 1. User throughput statistics for configuration 1 and 4b.  





Figure 2. Power consumption of macro cell and small cell with on/off setting.  








