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1 Introduction
In this contribution, we provide our views on the motivation for small cell discovery as well as the candidate solutions that are captured in the TR 36.872 V12.0.0.
2 Discussion
2.1 Clarification of motivation for small cell discovery
There appears to be a need to discuss the relation of small cell discovery enhancements with respect to the support of small cell on/off operations. In our understanding “small cell on/off” refers to dormant cell operation where the on/off operation is performed in a semi-static manner where the following applies:

· When a cell is off, it transmits nothing except for discovery signal.

· When a cell is on, legacy UEs shall be able to operate on the cell.
· Without cell discovery enhancements, the time scale of association to a cell that is just turned on can be up to the order of seconds [20], taking into account detection and measurement delay, handover preparation delay, RACH procedure delay and RRC configuration delay etc. With cell discovery enhancements, cell association latency may be reduced to ~10s to 100s of miliseconds mainly by reducing the time needed for detection and measurement.
Although the actual gain of the semi-static cell on/off requires further clarification, it is clear that small cell discovery enhancement can facilitate small cell on/off operation by providing a means to activate dormant cells which do not transmit PSS/SSS/CRS and/or by providing a means for the UE to be connected with a just turned on small cell with reduced latency.
However, it is also clear that supporting efficient small cell on/off is only one of the motivations for considering enhancement to small cell discovery as also noted in the TR [20]. In fact, the performance evaluation discussed in Sec 7.2.1 of the TR did not explicitly consider small cell on/off scenario. Observations from simulation results by companies ([1] - [19]) generally show the need to consider enhancement to small cell discovery in densely deployed small cell scenarios (which are all turned on).
Proposal 1: Small cell discovery enhancement is generally beneficial for improving cell detection capability of the UE in densely deployed small cell scenarios. Therefore, small cell discovery enhancements should be considered independent of the support for small cell on/off operation.
2.2 Views on small cell discovery enhancement methods
Extensive simulation studies ([1] - [19]) were conducted on the capability of legacy methods for the clustered small cell deployment scenarios. Potential enhancements that have been studied and captured in the TR [20] are listed below:
1. PSS/SSS interference cancellation

2. Burst transmission of DL-SS/RS

3. Network synchronization and assistance

4. New discovery mechanism

a. Existing RS-based detection

b. Modified SS/RS or new discovery signal-based detection

5. Transmission of DL-SS/RS at specific carrier

6. Relaxed RAN4 requirement 
In our view, solutions to be considered in the work item phase should allow for flexible deployment options for the operators while minimizing disruption to the legacy UEs as much as possible. 
Network synchronization and assistance is generally beneficial to all solutions and can be considered in the work item. 
PSS/SSS interference cancellation assumes frame alignment among the small cells (both within and out of cluster) which can impose unnecessary constraints on deployment options. 
Burst transmission of DL-SS/RS is closely related to dormant cell discovery support. It alone does not seem to solve the cell discovery issue for densely deployed small cell scenarios. Modified SS/RS would be needed if this solution is to be considered. However it is not clear how backward compatibility can be maintained after the dormant cell is turned on as legacy UEs operating in the cell would not be able to recognize the modified SS/RS.
CSI-RS has been shown to provide excellent cell detection capability as it can be configured to be relatively free from inter-cell interference [8][12]
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 \* MERGEFORMAT [14] [18]. Between PRS and CSI-RS, CSI-RS has been shown to provide superior performance due to muting (see e.g. [14]). 
Given the above, we propose to consider CSI-RS based discovery signal as the baseline in the work item phase. Network assistance information to facilitate discovery operation can also be considered.
Proposal 2: CSI-RS based discovery signal is considered as the baseline in the work item phase. Network assistance information to facilitate discovery operation can also be considered.
Depending on the function of the CSI-RS based discovery signal, enhancement to the current CSI-RS design may be needed. Such enhancements may also be considered in the work item phase if deemed necessary. 

Proposal 3: Enhancement to CSI-RS while keeping backward compatibility can be considered in the work item phase if deemed necessary.
3 Conclusions
In this contribution, we provided our further views on small cell discovery. 

Our conclusions are as follows:
Proposal 1: Small cell discovery enhancement is generally beneficial for improving cell detection capability of the UE in densely deployed small cell scenarios. Therefore, small cell discovery enhancements should be considered independent of the support for small cell on/off operation.
Proposal 2: CSI-RS based discovery signal is considered as the baseline in the work item phase. Network assistance information to facilitate discovery operation can also be considered.
Proposal 3: Enhancement to CSI-RS while keeping backward compatibility can be considered in the work item phase if deemed necessary.
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