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1 Introduction
In the previous RAN Meeting #61, the following direction regarding small cell discovery enhancement was agreed:
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
Various options on the enhancements of small cell discovery were proposed and summarized in TR 36.872 [1]. In order to down select and make progress along the right direction, it is necessary to establish clear design targets for discovery enhancements. In this contribution, several aspects of the design targets are discussed.
2 Design targets

2.1 General assumptions on discovery procedures

Discovery signals in small cell scenarios are expected to achieve the following main purposes:

· For UEs to detect a sufficient number of small cells with sufficient probability
· For UEs to perform RRM measurements of a small cell with sufficient accuracy, even when the small cell is turned off.

· In addition to detection and measurement performance, minimizing UE power consumption under small cell scenarios should be desirable. 

· Supporting small cell on/off operations

Synchronized transmission of SS/RS and network assistance maximize the benefits of SS interference cancellation. If RS such as CSI-RS and PRS are used for the discovery purpose, network synchronization is essential to achieve ICIC gain similar to CoMP operation. The network may provide additional information to assist a UE to perform small cell discovery more efficiently, such as the cell-id of the candidate small cells and the configurations of the discovery RS (DRS). The following assumptions are generally considered valid for small cell scenarios:
· Coverage can be provided by a coverage layer (e.g. the macro layer). All UEs can receive signals from the coverage layer. Network assistance can be used.
· The network is synchronized in both time and frequency. Generally the timing synchronization error is smaller than the CP length.
2.2 Requirements on the number of detectable cells

How many small cells the UE are required to reliably (with probability >90%) detect is the most important factor in defining the discovery design targets. Detection probabilities up to three small cells have been provided by various companies in their evaluation results [2]. For small cell efficient operations, the minimum number of small cells UE should reliably detect could be set to three. The following lists a few considerations:     
· Supporting small cell on/off: The detected small cell could be turned off, for efficient small cell operation, e.g. load balancing, requiring at least to detect three small cells
· Rel-12 backhaul assumption includes ideal and non ideal backhauls. Depending on the deployed backhaul quality, small cell layer may employ various available technologies to improve spectrum efficiency, e.g., CoMP, ICIC and feICIC. Using CoMP as an example, usually we need to have a resource management set which is larger than the coordination set and transmission TPs. Assuming the coordination set contains at least two small cells, the larger CoMP resource management set implies that UE should detect minimum three small cells.
· In feICIC, RAN4 specification defines the minimum performance requirement assuming UE explicitly cancelling two interference cells. It seems natural to extend the same UE IC capability in small cell deployment for the sake of sufficient IC performance. Thus UE should detect at least three small cells to be able to cancel two interference cells.
Proposal 1: DRS should enable UE to reliably detect at least the three strongest small cells 
2.3 Requirements on RRM accuracy
In RAN4 specification [3], RRM measurement accuracy requirement for RSRP consists of two parts: absolute RSRP accuracy and relative RSRP accuracy. For the absolute accuracy, UE is required to report the RSRP within [-6 6] dB of absolute value. The requirement is tightened to [-2 2] dB for relative accuracy. DRS-based RSRP measurement should be expected to meet these requirements. Also in some cases, lightly-loaded small cells may still transmit full power DRS which may result in inaccurate RSSI measurement since their DRS power are added into the RSSI calculation. RSRQ measurement based on DRS could be potentially underestimated in such scenario. For potential DRS-based RRM measurements, it is natural to extend the same CRS-based measurement requirements to the small cell scenarios. So the RRM measurement accuracy based on DRS should be comparable with CRS-based measurements. Potential proposals to relax the accuracy requirement for DRS-based RRM measurements could be considered with the supporting evaluations on why and how much the relaxation should be.   
Proposal 2: DRS-based RRM measurement could reuse CRS-based accuracy requirements
2.4 Considerations on network/UE power consumption

For dense small cell deployment, the network/UE power consumption on cell detection should be minimized to save energy/battery. This is crucial especially for multi-carrier deployment in which the UE may need to detect a large number of small cells across several frequency carriers. Thus reducing power consumption should be considered in the design target of DRS:  

· DRS transmission with low duty cycle and short duration 
· DRS detection time and monitor time should be reduced
· Power consumption reduction in inter-frequency RRM measurements
To support a UE to discover a small cell in dormant mode, it is natural for the dormant small cells to transmit DRS in bursts. Burst transmission allows small cells to be in dormant mode for most of the time and therefore reduces the network power consumption and interference. It is also possible to align burst transmissions of surrounding small cells so that a UE can discover multiple cells within a short duration. Burst transmission of DRS is crucial for the realization of small cell on/off and should be supported. Figure 1 shows one example of the small cell DRS transmission frame work.
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Figure 1 One example of DRS transmission frame work
Proposal 3: DRS design should target reducing network/UE power consumption on detection and measurement
Proposal 4: DRS design should support burst transmission 
2.5 Considerations for future-proof and scalability

The design requirements for discovery should not be made only based on current scenarios (e.g. current density of small cells). It is highly desirable to introduce design requirements that are sufficiently scalable and future-proof; that is, the requirements should still hold sufficiently for denser networks of small cells which may be deployed in the near future. 3GPP should avoid the needs for introducing new design requirements in the near future that lead to a new discovery design with functionalities largely overlapped with Rel-12 discover design.
Proposal 5: DRS design should also target scalability and future-proof
3 Conclusion

In this contribution, we provide our view on the design goals of potential discovery enhancement. Our proposals are summarized in the following:

Proposal 1: DRS should enable UE to reliably detect at least the three strongest small cells
Proposal 2: DRS-based RRM measurement could reuse CRS-based accuracy requirements
Proposal 3: DRS design should target reducing network/UE power consumption on detection and measurement
Proposal 4: DRS design should support burst transmission
Proposal 5: DRS design should also target scalability and future-proof
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