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1. Introduction
In RAN1#76, several agreements about the discovery signal for small cell enhancement are made as follows [1]:
	Agreements:
· 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)

Agreements:
· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 

· Accuracy of timing considered for network assistance will be defined by RAN4
· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided

Agreements:
· 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 provide our views on the different options identified for the discovery signal for the small cell enhancement and on network assistance for enhanced cell discovery.
2. Small cell discovery signal
In order to achieve efficient ON/OFF operation of the small cell, small cell detection is required even when the small cell is in the OFF state. Therefore the small cell needs to transmit discovery signals for the UE during at least the OFF state. In the last meeting, it was agreed that transmission of PSS (identical to the Rel-8 waveform) for coarse time synchronization was assumed by the UE. We provide our views on the discovery signals with regard to the other purposes as follows.

· PSS/SSS

· The combination of PSS and SSS enables detection of the physical cell ID with legacy implementation for UE.
· The cell detection performance can be improved by using SS interference cancellation. However, if the measurement samples are few, the performance for the 3rd best cell is significantly lower than for the 1st and 2nd best cell [2]. When more than two small cells are detected, PSS/SSS only may be not appropriate for cell discovery.
· CRS
· Interference cancellation can be used for CRS in order to enhance the small cell discovery signal detection and measurement. Since the interference cancellation feature was specified in Rel-11, the specification effort may be low. However, considering a dense small cell scenario, interference cancellation may have to be performed for the small cells more often than what was assumed for the Rel-11 specification. Therefore, UE effort and power consumption may increase. Moreover, it needs to be investigated whether the interference cancellation can be applied for a dense small cell scenario to ensure reliable detection of many small cells.
· CSI-RS
· Since muting can be applied through ZP CSI-RS, CSI-RS interference from other cells can be minimized to enhance the small cell discovery signal detection and measurement.
· As compared to other signals, the very high reuse factor of CSI-RS enables good performance of the small cell discovery signal detection and measurement under a dense small cell scenario. Although the number of REs for CSI-RS in a PRB pair is low compared to CRS, the performance of the discovery signal detection and measurement improves if multiple CSI-RS are configured as the discovery signal.
· New specification is needed if RRM measurement is supported through CSI-RS.
· PRS
· Although the reuse factor of PRS is the same as that of CRS, PRS is superior to CSI-RS and CRS with respect to the number of REs in a PRB pair. In addition to the small cell discovery signal detection and measurement, fine synchronization can be more easily achieved.
· PRS does not interfere with PDCCH of neighbour cells within a synchronized network.
· New specification is needed if RRM measurement is supported through PRS.

Considering a dense small cell scenario, it is preferable for the small cell discovery signal to be tolerant for interference from other cells and efficient from the UE power consumption perspective. Therefore, a combination of PSS/SSS and CSI-RS should be considered as the discovery signal for the small cell.
Proposal 1: the small cell discovery signal is a combination of PSS/SSS and CSI-RS.
3. Network assistance
Having UEs frequently monitoring for the discovery signal would have a negative impact on the energy efficiency of the UE operation. Therefore, in order to relax UEs' monitoring requirements and reduce their energy consumption, it is highly beneficial that UEs know some location information about the discovery signal (e.g. subframe information and RE mapping information).
In addition, when PSS for coarse time synchronization is transmitted, rough timing information is also beneficial as network assistance, since a propagation delay between a macro cell and a small cell can be compensated by the PSS.
Therefore, the network assistance information about the small cell discovery signal includes at least its subframe offset, its periodicity, and its CSI-RS configuration.
Proposal 2: the network assistance information about the small cell discovery signal includes at least its subframe offset, its periodicity, and its CSI-RS configuration.
4. Conclusion

In this contribution we make some proposals as follows:
Proposal 1: the small cell discovery is a combination of PSS/SSS and CSI-RS.
Proposal 2: the network assistance information about the small cell discovery signal includes at least its subframe offset, its periodicity, and its CSI-RS configuration.
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