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1.

Introduction
It was agreed in the SCE WID [1] that the discovery signal will be introduced to support at least cell identification, course time/frequency synchronization, intra-/inter- frequency RRM measurements. In RAN1 #76, the following agreements regarding small cell discovery were achieved [2]. 
· 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)
· 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
In this contribution, we discuss the design principles for discovery signal as well as the necessary network assistance for small cell discovery. 
2.

Design Principles for Discovery Signal
One main motivation to introduce the discovery signal is to reduce the transition time in small cell ON/OFF operation. When a small cell is turned off, it is still transmitting the discovery signal such that a UE does no need to wait until it is turned on again to perform cell detection and RRM measurements. This can significant reduce the transition time of small cell ON/OFF operation and thus provide larger performance gain. 

It is desirable for a small cell in OFF state to transmit the discovery signal. The question is whether a small cell in ON state is allowed to transmit the discovery signal or not. In our opinion, it is beneficial for a small cell in ON state to transmit the discovery signal, since it is expected to provide enhanced cell discovery compared with the existing PSS/SSS [1]. This is especially important in the dense deployment scenario, where PSS/SSS interference among small cells is much severe. Additionally, if a small cell only transmits the discovery signal in OFF state, the detection range of the small cell will be different in OFF and ON states, i.e., the small cell in OFF state is detectable for a UE but may not be detectable when it is switched on. This situation should not happen otherwise it is difficult for a small cell to make decision of activation/deactivation. Furthermore, it is not desirable for a UE to perform time/frequency synchronization and RRM measurements based on different synchronization/reference signals for a small cell, which depends on whether it is in OFF state or ON state. A companion contribution discussing the RRM measurements based on the discovery signal can be found in [3]. Based on the above reasons, we have the following proposal:  
Proposal 1: A small cell should always transmit discovery signal no matter it is in ON state or OFF state.
Assume that a burst transmission of the discovery signal from a small cell may occur in either ON state or OFF state. The impact to legacy UEs should be considered, since a small cell should be able to support legacy UEs when it is turned on. Given the sparseness of the discovery signal in time, the impact on the throughput of legacy UEs may not be that much. However, since the discovery signal will likely be chosen from the combination of existing PSS/SSS/CRS/CSI-RS/PRS, the network may have less flexibility of configuring these synchronization and reference signals for legacy UEs. Such impact on legacy UEs should be minimized when designing the discovery signal. Based on the above discussion, we have the following proposal. 
Proposal 2: The impact of the discovery signal transmission to legacy UEs should be considered. 
3.

Network Assistance for Small Cell Discovery
In order to support efficient small cell ON/OFF operation, it is necessary for the discovery signal to be transmitted in a bursty manner. Different from legacy PSS/SSS/CRS transmitted in every radio frame, the discovery signal will not be transmitted that often, which may significantly increase the searching time window of a UE and shorten its battery life. This can be avoided if the serving cell of the UE provides the timing information of the discovery signals transmitted from each of its neighbouring cells. Assume that the discovery signal for a small cell is transmitted periodically with a periodicity M, time offset N, and duration L. If the small cell is synchronized with the serving cell, these there parameters need to be signalled to the UE. If the small cell is unsynchronized with the serving cell, parameters M, N, and L as well as the timing difference of these two cells need to be informed to the UE. Given that the configuration of the discovery signal (e.g., the values of M, N, and L) could be different for different small cells, the network assistance information should be cell-specific.
While the discovery signal is introduced to enhance the small cell discovery, the UE may still not be able to access to the cell due to unsuccessful decoding of the PBCH. This situation is similar to Rel-11 FeICIC where a small cell is configured with a large CRE bias. However, the PBCH interference may be more severe in the dense small cell deployment scenario, which results in PBCH decoding failure even with PBCH IC. In order to solve this issue, it is desirable for the serving cell to signal the MIB for each of its neighbouring small cells. Note that such network assistance can also reduce the transition time of small cell ON/OFF since the UE can save the PBCH decoding time which takes up to 40 ms.  To summarize, we have the following proposal. 
Proposal 3: Network assistance to discover a small cell is necessary, which should at least include the following information of the small cell.
· The timing of transmitting the discovery signal 
· The MIB information 
4.

Conclusions
In this contribution, we discussed the design principles of the discovery signals for small cells. Particularly, we have the following proposals. 
Proposal 1: A small cell should always transmit discovery signal no matter it is in ON state or OFF state.
Proposal 2: The impact of the discovery signal transmission to legacy UEs should be considered. 
Proposal 3: Proposal 3: Network assistance to discover a small cell is necessary, which should at least include the following information of the small cell.

· The timing of transmitting the discovery signal

· The MIB information 
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