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1. Introduction
In RANP# 61, the study items on enhancements of small cells for both physical layer and high layer are extended to December, and the open issues related to physical layer listed in the status report are:
· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission
· Efficient operation with introduction of features needed to support semi-static small cell on/off [3] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 
· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· 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

· Note: a small cell can also refer to a component carrier when more than one component carrier is available.
· Further assess the radio interface based inter-cell synchronization, focusing on network listening, to achieve synchronization between a small cell and the overlaid macro cell, synchronization between small cells in the same cluster and synchronization between small cell clusters. 
In this contribution, we focus on the efficient small cell discovery schemes.
2. Necessity for small cell discovery enhancements
Small cell enhancements were identified as the most promising technologies to address the demanding data rate in the 3GPP workshop on R12 and onward. The purposes of small cell deployments are to provide services for hotspot areas. The main differences between R12 small cell and HetNet scenario discussed before are the dense deployment of small cells and the non-ideal backhauls between small cells in the same or different clusters as well as to the macro cell. 
To mitigate interferences at the cell edge as well as for load balancing among different cells, CoMP, CA and eICIC operations are needed. The first step for coordination among cells is to discover enough cells. 
In RAN1#74 meeting, the performance of legacy PSS/SSS scheme for cell discovery is evaluated, and the results are captured in the corresponding TR. The probability of detecting 2 cells with a single sample is around 0.5, and the probability to detect 3 cells with a single sample is around 0.3. While the CoMP measurement set size in R11 is 3, so at least 3 active small cells should be reliably detected to perform regular CoMP operation. Meanwhile, with the small cell on/off operation, not only the working small cells which are set on at present need to be detected, but also the off small cells need to be discovered to judge whether change of the small cells’ states are necessary. Consequently, the detected small cell number should be increased accordingly to address both the interference coordination and the small cell on/off operation. Hence, enhancements of legacy PSS/SSS are needed.
Observation 1: Enhancements of legacy PSS/SSS for cell discovery are needed.
3. Small cell discovery schemes
UE side interference cancellation, modified PSS/SSS/CRS scheme, CSI-RS and PRS based scheme are proposed for efficient small cell discovery. All of these schemes have their pros and cons. In subsequent sections, we will analyze them from the perspectives of small cell detection performance, resources consumption and legacy UE performance.
3.1 Detection performance
As to the transmission side schemes, such as modified PSS/SSS scheme, modified CRS scheme, CSI-RS based scheme, and PRS based scheme, it is obvious that better orthogonality among different cells will lead to larger number of detected small cells for a specific UE. Consequently, the CSI-RS based scheme and the PRS based scheme show best detection performance for the reason that all the cells allocate different time-frequency resources. And the second position should be modified CRS or modified PSS/SSS scheme with part of the cells occupying orthogonal resources or adopting code domain enhancements other than frequency or time domain. 
As to the reception side scheme, which means the UE interference cancellation, the detection capability mainly depends on the interference cancellation capability of the specific UE. Obviously, the strong capability to cancel interference is got at the cost of complex and expensive reception terminal. This is not desirable from the consumers’ view. Consequently, cost and function increase at the UE side needs careful consideration.
Observation 2: CSI-RS or PRS based scheme can provide best orthogonal property due to orthogonal time-frequency resources allocation.
3.2 Resources consumption
Another aspect to evaluate different schemes is the consumed time-frequency resources. As we have identified in the last section, the CSI-RS and PRS based schemes consume the largest amount of time-frequency resources, and the modified CRS and PSS/SSS schemes allocate less resources. The time-frequency resources occupied by discovery signals are not only a kind of overheads impacting spectrum efficiency, but also may lead to scheduling restriction for other physical channels or signals. For example, PDSCH or ePDCCH should avoid being transmitted in the REs allocated by discovery signals. Consequently, from the perspectives of both the spectrum efficiency and the scheduling flexibility, it is desirable to allocate less time-frequency resources for the discovery signal.
Observation 3: CSI-RS or PRS bases scheme consumes the most time-frequency resources.
3.3 Legacy UE performance
The UE side interference cancellation scheme needs no change at the network side, however, large requirements and complexity may be expected with the UE side enhancement. As to other schemes at the transmitter side with modified PSS/SSS/CRS, CSI-RS or PRS, they all need changes at the network side. 
With the changes at the UE side, only the UEs with enhanced functions can harvest the gain of more detected small cells, and then can get better interference cancellation and coordination gain at the cell edge; while for the legacy UEs with traditional functions, performance degradations are expected. 
With the changes at the network side, there will absolutely be cost and complexity increase at the base station. However, this is more acceptable than that at the UE side. Meanwhile, as to legacy UE, with some specific configurations at the network side, the enhanced schemes can be implemented in a transparent way to the legacy UE, which can guarantee the regular performances for legacy UEs or even provide performance gains to legacy UEs.
Observation 4: Network side enhancement can guarantee performance for legacy UE with proper configuration.
4. Signaling impact
Except for the legacy PSS/SSS scheme and the UE side interference cancellation scheme, all other schemes based on modified PSS/SSS, CRS, or CSI-RS, PRS may need signaling enhancements. That is, macro cell can configure a specific UE the time-frequency-code domain resources used by surrounding small cells to assist the cell identification procedure. Meanwhile, macro cell can also configure small cells in its coverage area specific time-frequency-code domain resources to indicate specific cell ids to avoid collisions within its coverage area and harvest the gain of local resources planning. Hence, there will be signaling overheads on the access link and the backhaul link. 
Observation 5: Signaling enhancement on the access link and backhaul are needed for network side enhancement schemes.
5. Conclusion
In this contribution, we analyzed the necessity of the enhancement of legacy cell discovery scheme, the properties of various discovery signal enhancement schemes from the perspectives of detection performance, resources consumption and backward compatibility, and also analyzed the necessary signaling for possible enhancements. Our observations are as following:
Observation 1: Enhancement of legacy PSS/SSS for cell discovery is needed.
Observation 2: CSI-RS or PRS based scheme can provide best orthogonal property due to orthogonal time-frequency resources allocation.
Observation 3: CSI-RS or PRS bases scheme consumes the most time-frequency resources.
Observation 4: Network side enhancement can guarantee performance for legacy UE with proper configuration.
Observation 5: Signaling enhancement on the access link and backhaul are needed for network side enhancement schemes.
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