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1
Introduction
In this contribution, we discuss discovery signal details. We consider the challenges that come with dense deployments of small cells and propose discovery procedure for more efficient cell discovery.  
2
Dense deployment of small cells
Dense small cell network is illustrated in Figure 1. The figure illustrates a scenario that is used to motivate the design of a new discovery signal. In this scenario, macro cell is deployed on carrier frequency F1, while densely deployed small cells operate on the carrier frequency, F2.
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Figure 1: Small cells scenario 2a for which DRS designed is optimized.

Having large number of cells can provide significant increase in available network capacity. However, these deployments can create challenging radio environment and it is necessary to define physical layer enhancements. We address the interference issues in [1] with a proposal to enable fast cell on/off functionality and in this contribution focus on discovery. 

3
Discovery mechanisms
In order to enable efficient operation of small cells, as discussed in [1], we see opportunistic activation of small cells and fast cell on/off important features in order to address mobility and interference issues and control network and UE power consumption. We described in [1] a mechanism for fast cell on/off feature. In order to enable fast on/off it is necessary for the UE to detect, measure and report an “off” cell. Therefore, a cell in “off” state needs to transmit a “discovery signal” so that UE can detect, measure and report it to the network.
3.1 Fast cell on/off mode 

The main idea behind fast cell on/off mode is that eNB transmits sparse overhead signals and channels that contain sufficient information for RRC_CONNECTED UE to detect, measure and report neighboring dormant cells to a serving cell. Our proposal is that the overhand channel transmission for a given cell would occur in bursts that occur less frequently than in Rel-11:

· PSS/SSS/CRS transmitted in N ms bursts every M ms with L ms offset (compared to serving cell)
· Waveform identical to Rel-8 waveform within a burst 

· N, M, L are configured by the serving active cell
Proposal 1: Adopt low duty cycle burst transmissions of existing sync signals together with cell-specific reference signals for small cell discovery.
Reduced density for the sync and cell-specific reference signals is recommended in order to avoid interference issues when large number of small cells is deployed in a small geographical area. Transmission of Rel-8 legacy sync and reference signals in bursts addresses potential interference issues with the minimal impact to the eNB and UE implementation. 
It has been argued during RAN 1#76bis [2] that CSI-RS needs to be transmitted as part of the discovery signal in order to detect the presence of a particular transmission point. The main argument that the transmission point identification is actually different from cell ID identification is that a small cell on/off procedure can be applied to shared cell ID scenario. Therefore, the argument was made that the discovery signal needs to be designed having shared cell ID scenario in mind as well. Hence legacy signals used for cell detection and acquisition, such as PSS/SSS/CRS are not enough and it is necessary to introduce CSI-RS as part of the discovery signal. 

In our view, there are two reasons why CSI-RS should not be introduced as a signal for transmission point identification. The first one is that shared cell ID scenario is not a valid scenario for small cell on/off procedure since as illustrated in Figure 1, the scenario of interest is a deployment where small cells are deployed on a different carrier frequency than macro eNB and that frequency layer is configured as Scell. Moreover, we also strongly suggest not adopting CRI-RS, as it can be seen from [3][4], the measurement accuracy that can be achieved with CSI-RS is not adequate for RRM measurements. 

3.2 Cell discovery performance using PSS/SSS

In this section, we illustrate the performance gain that can be achieved if PSS/SSS IC techniques are utilized (standardized in Rel-11) compared to the baseline Rel-8 receiver. Figure 2 and Figure 3 summarise PSS/SSS performance given the simulation methodology specified in [5]

 REF _Ref355909545 \r \h 
 \* MERGEFORMAT [6]. Performance of PSS/SSS with interference cancellation (IC) is compared to the scenario where PSS/SSS IC was not utilized. In these simulations, single PSS/SSS burst is considered and top 16 cells are selected. As it can be seen from the figures, utilizing PSS/SSS IC allows the UE to discover significantly more cells than when PSS/SSS IC is not utilized. As it can be seen from the figures, with PSS/SSS IC even single burst transmission is sufficient for satisfactory cell search performance. For a consider scenario (cluster of 10 small cells according to [5] and single burst transmission), 93% of the UEs can discover at least 3 cells, while median number of discovered cells is 4.7. 
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Figure 2: Number of detected cells vs RSRP with and without PSS/SSS IC (1 burst).
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Figure 3: CDF of the number of detected cells (1 burst)
Proposal 2: PSS/SSS IC techniques should be utilized for enhanced cell discovery mechanism. 

4
Conclusions 
In this contribution, we discussed the discovery mechanisms for efficient small cell operation. As a discovery signal for Scells in “off” state low duty cycle burst transmission of Rel-8 sync and position reference signals is adopted. 
Proposal 1: Adopt low duty cycle burst transmissions of existing sync and cell-specific reference signals for small cell discovery.
Observation: If reduced periodicity for PSS/SSS with PRS is adopted for small cell discovery signal, there is no significant impact on legacy UEs even if they operate on the same frequency layer. 

Proposal 2: PSS/SSS IC techniques should be utilized for enhanced cell discovery mechanism. 
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