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1 Introduction
In the RAN#76 meeting, the following agreements were made regarding the small cell discovery signal [1].
· In the enhanced cell discovery procedure, UE can assume multiple signals are transmitted

· UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization

· Which other signal(s) the UE can assume are transmitted is FFS

· Possible candidates are one or more instances of SSS, CRS, CSI-RS, and PRS

· Which signals are useful for which purpose is FFS

· In addition to purposes given by the WID, cell multiplexing capability, UE power efficiency, and impact to legacy UE’s measurement can be considered when discussing candidate solutions

· Rel-12 discovery procedure is configured only for RRC_CONNECTED UEs

· FFS: Network assistance is provided to UEs for performing enhanced cell discovery. The information provided includes at least timing related information of discovery signal(s)
In addition, the following agreements were made concerning the candidate signals.
· Followings can be considered as candidate signals for each purpose

· For coarse time synchronization:

· Candidate signals are PSS, PSS/SSS, PRS

· For coarse frequency synchronization:

· Candidate signals are PSS, PSS/SSS, CRS, CSI-RS, PRS

· For cell/transmission point identification:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For RSRP measurement:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For received signal quality (RSRQ) measurement:

· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals
· For any of above purposes, Tx-side enhancement, e.g.,  muting and utilizing multiple instances, and/or Rx-side enhancement, e.g., interference cancellation, can be considered

· UE can utilize a combination of discovery signals for any of above purposes
In this contribution, we would like to provide our views on the design of the small cell discovery signal.
2 Discussion
2.1  Requirements for discovery signal
To support the small cell on/off operation with a low transition time delay, the discovery signal should be transmitted from the off-state small cells to the Rel-12 RRC_CONNECTED UEs. These UEs effectively detect the neighboring off-state small cells and perform the RRM measurement using the discovery signal and network assisted information.

According to the WID agreed in #62 meeting [2], the main purpose of the discovery signal should be, at least, cell identification, coarse time/frequency synchronization, intra-/inter- frequency measurement of the cells, and QCL (if necessary). In addition to above purposes, designing the discovery signal should be also considered with the following requirements: high detection performance (more than 3 cells, over 90% detection probability), less impact to the legacy UE’s measurement, and low UE power efficiency/complexity. In order to achieve the above purposes and requirements, the enhanced signals of existing SS/RS (PSS/SSS/CRS/CSI-RS/PRS) and the related enhancement techniques should be considered as the discovery signals. 
2.2  Consideration on cell identification
With respect to the cell identification requirement, it is required that a high detection probability, more than 90% with at least 3 cells, is achieved. In order to achieve this requirement, the interference between the discovery signals coming from other off-state small cells should be avoided. In particular, in the dense small cell deployment scenario, the reuse factor and multiplexing capability can be important factors in order to consider the discovery signal design. Considering these factors and the evaluation results in [3], CSI-RS can be the most promising candidate as the discovery signal because it can be multiplexed and its detection performance is fairly good. Furthermore, use of muting techniques (ZP-CSI-RS) can further enhance the detection performance.
Observation 1: 
For the cell identification, CSI-RS can be the most promising candidate as the discovery signal.
In addition to these techniques, it should be requested that Tx-side and Rx-side enhancements are considered. In the Tx-side enhancement, the off-state small cells coordinate the discovery signal transmission in the small cell cluster with a muting technique, and they enable the UEs to detect the off-state small cells with less interference [3]. This enhancement can provide not only high detection probability for the UEs, but it also facilitates less interference for the legacy UEs in the on-state small cells. On the other hand, the Rx-side enhancement, e.g. interference canceller, could achieve a high detection performance, but it can cause a high energy consumption and high complexity in the UE implementation. Therefore, it is considered that a Tx-side technique is desirable for the discovery signal enhancement.
Proposal 1: Tx-side techniques are desirable for the enhancement of the discovery signals.
2.3  Consideration on time/frequency synchronization
It is required that the UE should perform coarse time/frequency synchronization with the discovery signal. As agreed in the last meeting, PSS can be used as the baseline for the synchronization signals because they inherently have good properties in the auto/cross correlations. Similarly, SSS can be a good synchronization signal for the time/frequency acquisition. When accompanied by PSS/SSS, the other signals, CRS/CSI-RS/PRS, are also considered applicable as the discovery signal because they can further enhance the detection and measurement performance.

The introduction of PSS/SSS can increase interference to the legacy UEs and the other discovery signals. To address this issue, Tx-side enhancement, e.g. muting, can be chosen as the technique to mitigate the interference. 
2.4  Consideration on RRM measurement 
It is desirable that the discovery signal transmission period should be much longer than the legacy CRS transmission period to reduce the power consumption and interference with the on-state small cells. In this case, the UEs need to perform the RRM measurement in accordance with the discovery signals from the off-state small cells. This would restrict the flexibility in the data transmission due to the fewer chances of the resource scheduling.
In particular, when multiple carriers are assumed in the dense small cell scenario, the UE has to frequently perform the inter-frequency measurements. This can further restrict the resource scheduling in the serving eNB, which degrades the performance of the Rel-12 UEs. 
To alleviate this problem, the measurement length for discovery should be made short as much as possible so that such scheduling restriction can be minimized. Alternatively, the measurement length should be at least shorter than the current measurement length.
Proposal 2: 
To minimize the UE effort for the RRM measurement and the negative impact on the scheduling in the multiple inter-frequency carrier deployment, the RRM measurement length for discovery should be shorter than the current measurement length.

3. 
Conclusions
In this contribution, we provide our views on the design of the small cell discovery signal. The following observation and proposals are made: 
Observation 1: 
For the cell identification, CSI-RS can be the most promising candidate as the discovery signal.
Proposal 1: 
Tx-side techniques are desirable for the enhancement of the discovery signals.
Proposal 2: 
To minimize the UE effort for the RRM measurement and the negative impact on the scheduling in the multiple inter-frequency carrier deployment, the RRM measurement length for discovery should be shorter than the current measurement length.
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