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1
Introduction
In this contribution, we consider the challenges that come with dense deployments of small cells and discuss 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 addressed the interference issues in [1] with a proposal to enable fast cell on/off functionality and in this contribution focus on discovery and remaining details of DRS design. 

3
Discovery mechanisms
In order to enable efficient operation of small cells, as discussed in [1], opportunistic activation of small cells and fast cell on/off is an 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.
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. It has been agreed during RAN 1 # 77 that the discovery reference signal (DRS) is transmitted for both cells in “on” state and cells in an “off” state. For a given cell, DRS would consists of:

· PSS/SSS/CRS transmitted in N ms bursts every M ms with L ms offset (compared to serving cell)
· N, M, L are configured by the serving active cell
In addition to PSS/SSS/CRS, it has been agreed that CSI-RS can also be configured as part of the discovery signal. It has also been agreed that DRS can be transmitted by a dormant cell as well as by an active cell. 
3.1 Impact of DRS on rate matching 
While it has been agreed during RAN 1 #77 that DRS occasion consist of up to N consecutive subframes, it is still open whether each subframe within a DRS occasion actually carry DRS signal. Our view on this topic is that the introduction of DRS does not impact legacy PDSCH rate matching algorithm. This can easily be achieved if CRS is present in each subframe of the DRS occasion. The rationale for configuring more than one subframe for DRS occasion is that more than one CRS subframe may be needed for accurate RRM measurements. Since the length of the DRS occasion is configurable, the length can always correspond to the number of CRS subframes necessary to obtain sufficiently accurate RRM measurements. We also do not see the reason for the introduction of any new CSI-RS configuration that is not compatible with Rel-11 as it would impact PDSCH rate matching algorithm. Existing CSI-RS configuration can be utilized to ensure PDSCH rate matching algorithm is not changed.
Proposal 1: DRS signal does not impact legacy PDSCH rate matching mechanism. 
3.2 Number of CSI-RS ports 

As it has been discussed, a possible option is to aggregate multiple DRS CSI-RS antenna ports, e.g. 4 antenna ports, from the same base station to improve CSI-RS measurement performance. This option does not change the rate matching assumptions, while it can reduce the risk of obtaining performance far below the CRS measurement performance, which is a risk present otherwise. We believe that this option should be supported unless RAN4 evaluations show that CSI-RS measurement performance without port aggregation always matches that of CRS. 

Proposal 2: Allow CSI-RS port aggregation with DRS signaling.  

4
Conclusions 
In this contribution, we discussed remaining details for the discovery mechanisms for efficient small cell operation. Our view is that PDSCH rate matching mechanism cannot be impacted by the presence of DRS signals.   
Proposal 1: DRS signal does not impact legacy PDSCH rate matching mechanism. 

Proposal 2: Allow CSI-RS port aggregation with DRS signaling.  
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