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1 Introduction
In 3GPP RAN1#76, the following agreements have been reached on the small cell discovery signal [1]:
· 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 
The transmission of legacy PSS in the discovery signal is used for coarse time synchronization. This can relax the demands for the time synchronization based on the DRS. For example, if DRS is CSI-RS, as pointed out by [2] and [3], there is one peak ambiguity issue if the time acquisition is performed only on CSI-RS itself. The inclusion of PSS in the discovery signal can eliminate this issue.
In this contribution, we propose SSS be included besides PSS in the enhanced small cell discovery in line with the above agreements. The proposed discovery signal enables the possibility of reusing DRS resources among different small cell clusters.
2 Limited DRS resources issue
In the downlink time-frequency plane, there is already quite much overhead defined for the downlink control channels, downlink common channels and different types of reference symbols etc [5], therefore there is a limit for the time and frequency resources reserved for DRS for the discovery purpose. As long as the demand increases for more and more small cell clusters deployed under a macro cell coverage, the number of small cells will exceed DRS resources limit. In this case, there is a need for re-using DRS resources in some way. 
One way is time-multiplexing, which means different small cells use the same DRS resources at different time interval. In this method, if taking into account the inter-frequency measurements and small cell on-off operations, the DRS resources scheduling will become complex in order to make the small cells discoverable efficiently by the UEs. And a longer discovery time is expected as well.
A better way might be to re-use DRS resources at the same time in different small cell clusters and we propose that 3GPP consider this possibility when defining the small cell discovery signal.
Proposal 1: Possibility of re-using DRS resources at the same time in different small cell clusters should be considered when defining the small cell discovery signal .
3 Including SSS as part of DS signal 
Including SSS as part of DS signal can provide the possibility of re-using DRS resources at the same time in different small cell clusters. 
If SSS is also part of the discovery signal in additional to PSS, it means that the legacy cell discovery signal is added onto the enhanced small cell discovery signal. As seen in the performance evaluation results in [4], the legacy PSS/SSS with one single shot can guarantee the strongest cell found by the UE in terms of PCI (Physical Cell ID). Therefore the inclusion of SSS in the discovery signal enables the UE discovering the small cells via DRS as well as the PCI of the strongest cell. 

Observation 1: The inclusion of SSS in the discovery signal enables the UE discovering the small cells via DRS as well as the PCI of the strongest cell.
If the UE can detect and report the PCI of the strongest cell during the enhanced small cell discovery procedure, then the DRS resources in the discovery signal can be spatially reused among the different clusters since the network can use the reported PCI as a cluster identifier.
Fig. 1 illustrates one example. Three small cell clusters are deployed in the coverage of a macro cell. Each small cell in the three clusters transmits its own PSS/SSS and DRS as the small cell discovery signal. When a UE approaches to a small cell cluster, it can detect a PCI corresponding to the strongest cell via the legacy cell search procedure, and consequently acquire the initial time and frequency synchronization, then it can identify the small cell via the detected DRS.  After the enhanced small cell discovery procedure, the UE reports the discovery results together with the detected PCI to the serving macro cell.
When the macro cell receives the small cell discovery reports from the UE, according to the detected PCI it can first locate which small cell cluster the UE is closest to, and identify the small cell corresponding to each reported RRM measurement. In this mechanism, it means that a DRS resource for the small cell discovery used in one small cluster can also be used in another small cell cluster at the same time without introducing any ambiguity issue. 

Therefore DRS resources for the small cell discovery can be reused among multiple small cell clusters provided that an adherent PCI is also detected and the PCIs between clusters differ. This can significantly increase the number of distinguishable small cells for a limited number of available DRS resources for the discovery purpose.
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Figure 1, multiple small cell clusters reuse DRS resources for cell discovery
Observation 2: By identifying and reporting the PCI of the strongest cell, DRS resources for discovery purpose can be reused among small cell clusters, thus the number of distinguishable small cells can be significantly increased for a limited number of available DRS resources for the small cell discovery.
The transmission of both PSS and SSS could be detected by the legacy UEs during the first stage of the legacy cell search procedure. If the small cell is in ON-state, then it acts as an ordinary cell and can set a barring indicator in SIB1 so as to block legacy UEs from attempting to camp or connect to it if the small cell is intended to provide services only to R12 UEs. If the small cell is in OFF-state and it transmits the discovery signal burst sporadically, then there is neither CRS nor SIBs transmitted in the burst, thus the legacy UEs will not trigger any event since the measurements on CRS cannot meet the criteria, and no SIBs can be decoded either. Therefore the inclusion of SSS will not make the legacy UEs either camp or connect to the OFF-state small cell. 

Observation 3: The inclusion of SSS will not make the legacy UEs either camp or connect to the OFF-state small cell.
Therefore we propose to include SSS into the small cell discovery signal.
Proposal 2: Include SSS besides PSS as part of the small cell discovery signal.
Proposal 3: UE reports the PCI of the strongest detected cell during the enhanced small cell discovery procedure.
4 Conclusion 

In this contribution, we discuss the possibility and benefits of including SSS into the small cell discovery signal, and have the following observations and proposals:
Observation 1: The inclusion of SSS in the discovery signal enables the UE discovering the small cells via DRS as well as the PCI of the strongest cell.
Observation 2: By identifying and reporting the PCI of the strongest cell, DRS resources for discovery purpose can be reused among small cell clusters, thus the number of distinguishable small cells can be significantly increased for a limited number of available DRS resources for the small cell discovery.

Observation 3: The inclusion of SSS will not make the legacy UEs either camp or connect to the OFF-state small cell.
Proposal 1: Possibility of re-using DRS resources at the same time in different small cell clusters should be considered when defining the small cell discovery signal .
Proposal 2: Include SSS besides PSS as part of the small cell discovery signal.

Proposal 3: UE reports the PCI of the strongest detected cell during the enhanced small cell discovery procedure.
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