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 Introduction
One of the objectives of the physical layer small cell enhancements is to study mechanisms for efficient discovery of small cells and their configuration, and in RAN1 #72bis meeting, it was agreed that the performance of legacy mechanism (i.e. PSSS/SSS/CRS) is beginning to be evaluated, if inadequacies are identified with the legacy mechanism, evaluate firstly approaches based on modified SS/RS and secondly approaches based on new discovery signal
Motivation of small cell discovery enhancement
There are several motivation aspects to enhance small cell discovery signal, such as UE and network power saving, and so on, which are described as below.
UE Power saving
One of the most important motivations for study of new discovery signal is to reduce the UE power through searching discovery signal in larger periods. It should be noted that in RAN2, there is another Work Item of heterogeneous network mobility enhancements, which is also focusing on UE power saving, the typical scenario is macro cell assisted small cell identification and measurement. We think the combination of both two items is to be considered, e.g. the periods of discovery signal may have to be signaled by the aid of macro cell.
Network energy saving
Small cell DTX operation is widely discussed in recent meetings, there are mainly two DTX schemes, which are DL based method and UL based method. For DL based method, the small cells are still transmitting discovery signals for UEs to identify the existence of small cells, and activate the needed small cells by macro cell, the periods of discovery signal transmitting is to be studied to get tradeoff between energy efficiency and the accuracy of cell detection. On the other hand, for UL based method, the small cells are not transmitting any signals including discovery signal, and will detect the UL signal transmitted from UEs, e.g. PRACH to be activated. The deployment of UL method maybe a little difficult because the small cells can only listen, and cannot transmit any signals, and the UL signal may be received by other cells with high received power, e.g. macro cell.
Better cell planning of physical-layer cell ID (PCI) to adapt hyper density of small cells
When small cells are densely deployed, the number of different physical layer cell IDs need to be more. In current specification, the primary synchronized sequence indicate 3 different cell IDs in one cell ID group, and secondary synchronized sequence indicate 168 physical cell ID group, the interference is higher when the density of small cells are larger. So it is needed to be considered to increase the orthogonality or semi-orthogonality of the discovery signal sequence design.
High SINR measurement accuracy
In Rel-8 to Rel-11 specification, The PSS/SSS are only located in the central 6 PRBs, which makes the interference from the adjacent small cells more severe, and then affect the accuracy of SINR measurement. So the frequency density of discovery signal needs to be increased and try to avoid inter cell interference, in order to increase the measurement accuracy and also reduce the inter cell interference of discovery signals.
Backward compatibility
Discovery signal is designed for Rel-12 UEs served by small cells, when small cells are in dormant state. To guarantee the legacy UEs to access small cells, the legacy PSS/SSS are also needed to be transmitted.
Views of different small cell discovery signal
As discussed in last RAN1 meeting, it can be a starting point to evaluate whether there is any problem with the legacy mechanism (i.e. PSS/SSS/CRS). If inadequacies are identified with the legacy mechanism, modified SS/RS or new discovery signal can be considered for small cell discovery enhancement. In this section, we present our further views on small cell discovery enhancement.
Modified PSS/SSS as discovery signal
To avoid confusion to legacy UEs about the synchronization and measurement by using PSS/SSS, if modified PSS/SSS are used as discovery signal mainly in dormant small cells, the location of discovery signal should be different from the legacy PSS/SSS.
Current PSS/SSS occupy the middle bandwidth, and the period is 10ms, the primary synchronized sequence indicate the 3 different cell ID in one cell ID group, the secondary sequence indicate 168 physical cell ID group. For modified PSS/SSS as discovery signal, there are three aspects to be mainly considered, the first aspect is the longer measurement period and higher frequency density need to be considered to save energy for both UEs and eNodeBs, and increase the measurement accuracy of SINR, another aspect is to reduce the inter cell interference, the modified PSS/SSS should be time division multiplexed for adjacent small cells, the last aspect is in order to aid UEs to detect more adjacent cells, enough orthogonal and semi-orthogonal sequence are needed to reduce the difficulty of cell planning.
Modified CSI-RS
Different CSI-RS resources can be configured to different small cells as discovery signals. This method can reuse the CSI-RS design of Rel-11, but because UE cannot autonomous synchronized only by using CSI-RS, so the UEs have to use the synchronization timing of serving cells to detect discovery signal. In case of macro assisted discovery, the UE may get synchronization from macro cell, and in the absence of macro coverage, the UE may acquire synchronization from the serving small cell.
Aside from synchronization issues, the density of CSI-RS configuration need to be for further study between the tradeoff of detection accuracy and energy saving. 
PRS
As some contribution described, the PRS is designed to be very dense within a subframe and its transmission interval can be long, the modification of the PRS would make sense due to the commonality between the design targets for the discovery signal and the PRS. Similar as modified CSI-RS, the synchronization of small cells should be acquired from serving cells.
Conclusions
In this contribution, we have discussed the physical layer aspects that should be considered in the discovery signal design. Regarding the small cell discovery by UE, some of requirements and consideration points have been discussed, and aspects that need to be considered in designing discovery signals based on legacy signals PSS/SSS,CSI RS and PRS have been compared. 
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