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1. Introduction

    Small cell enhancement is a strong candidate to solve the mobile data explosion, as it would provide better spectrum efficiency and improve overall throughput by denser deployment. To harvest the benefit of small cell enhancement as much as possible, efficient operation should be taken care of as described in the WI description [1]:
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This 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. 

Small cell discovery is an important starting point to achieve efficient operation of small cell, as it reveal the presence of a UE to a small cell and help network to perform corresponding decisions, such as whether to turn on/turn off a small cell or to achieve load balancing. In this contribution, we provide our opinions about the issues to be solved regarding small cell discovery. 
2. Discussion 

Small cell discovery for connected mode UE

To identify the present of a connected mode UE, either signalling from eNB side or UE side could be utilized. Therefore, small cell discovery can be basically categorized into DL signalling based solution and UL signalling based solution.
For downlink based solution, UE could measure the signal transmitted by the small cell and feedback corresponding information to the network. If the small cell is operating in normal traffic mode (turn-on state), the signal to be measured can be CRS and the feedback can basically follows legacy RRM measurement. The only thing challenge comparing with the legacy would be if the small cells are densely deployed, the interference between neighboring cells could be quite severe. Some study on Het-Net has already identified similar issues and solution on top of the RRM measurement could be used to erase the issues. On the other hand, if the small cell is operating in dormant state (turn-off state), we think discovery of such cell is quite necessary as it would help network to make a decision, e.g. whetrher to wake it up. The DL signal used for this case can be further study, e.g. whether to use existing signal or design a new signal, while to harvest the benefit of dormant state, the discovery signal for this case should have a much longer periodicity. The feedback part could be designed similar as the previous normal mode case, on top of the existing RRM measurement. In summary, the existing RRM measurement could provide a good framework to small cell discovery, and improvement for dense deployment can be further study. For discovery of a dormant state, new signal and measurement may need to be designed.
Proposal 1: For DL signal based discovery, the existing RRM measurement can be used as a starting framework. Enhancements such as interference mitigation or new discovery signal design can be further studied.
For UL based solution, UE would transmit some signal and small cell could detect the signal and identify the presence of such UE. Existing signal such as preamble or SRS can be used for such task. However, power/resource consumption can be a concern for such solution, as most of the time transmission of such signal would not bring more information to the network. Moreover, power control may be another issue, as if no proper power control is introduced, interference to the nearby small cell would be strong if the signal is targeting macro cell. Resource coordination among small cells is also required. For dormant state small cell, power control is not possible as there is assumed no signal transmitted for the small cell and pathloss cannot be estimated. Also, receiving UL signal for a dormant state small cell is required even there is no traffic, and may bring negative impact to the power saving.

Proposal 2: UL signal based discovery has more challenges comparing with the DL based solution, therefore is not preferred to be adopted.
Small cell discovery for idle mode UE

If there is always an overlay layer (e.g. macro cell) for an idle mode UE to camp on, there seems no strong motivation to introduce a small cell discovery for idle mode UE as everything can be handled by the overlay layer. However, if we consider there are coverage holes in the macro layer, or there is no overlay layer, e.g. small cell scenario 3, small cell discover for idle mode UE is needed to help UE to perform cell reselection. For discovery of a normal mode small cell, regular cell selection/reselection procedure can be utilized. Similar with the case of connected mode UE, dense deployment may have some impact on the PSS/SSS detection and PBCH reception and enhancement may be needed. A question then arise is whether we need to support dormant state small cell discovery for an idle mode UE. If we support it, the performance of power consumption/ interference avoidance can be fully utilized as even a small cell serve for coverage can be turn off or go into dormant state if there is no on-going traffic. On the other hand, change of UE behaviour and impact of UE latency may be problematic as some handling is needed after an idle mode UE discover a dormant state small cell. Trade-off between the two sides may need to be considered. If the UE behaviour for this case can reuse existing cell selection/reselection procedure as much as possible, introducing dormant state small cell discovery for an idle mode UE seems more beneficial.
Proposal 3: Small cell discovery for idle mode UE is required. The existing cell reselection/reselection can be used as a starting framework, considering interference mitigation. Whether to introduce dormant state small cell discovery for an idle mode UE need further study to justify the gain comparing with the impact.
3. Conclusion

In this contribution, the issues regarding small cell discovery is discussed and we propose the following to solve the issue:
Proposal 1: For DL signal based discovery, the existing RRM measurement can be used as a starting framework. Enhancements such as interference mitigation or new discovery signal design can be further studied.
Proposal 2: UL signal based discovery has more challenges comparing with the DL based solution, therefore is not preferred to be adopted.
Proposal 3: Small cell discovery for idle mode UE is required. The existing cell reselection/reselection can be used as a starting framework, considering interference mitigation. Whether to introduce dormant state small cell discovery for an idle mode UE need further study to justify the gain comparing with the impact.
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