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1 Introduction
In the previous RAN1 #76 meeting, the following was agreed for DRS design:
· 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)

As the enhanced discovery procedure is configured only for UEs in CONNECTED mode, a UE can always obtain assistance regarding neighbour small cells from its serving cell. In this contribution, we discuss the network assistance signalling that can be used to facilitate the discovery procedure
2 DRS design framework 

In the legacy cell detection procedure based on PSS/SSS/CRS, cell identification is performed on PSS/SSS signals, while the RRM measurements are based on CRS signal reception. To support small cell on/off operation, the UE needs to detect the small cell even if the cell is in OFF state. To this end, small cell nodes shall be enabled to transmit certain discovery reference signal (DRS) during the OFF state, while during the ON state, the cell transmits at least the PSS/SSS/CRS signals. Also important, it is beneficial for a UE to perform RRM measurements based on the DRS since significant system gain can be achieved if the RRM measurement can be performed and reported before the cell is turned on. Figure 1 shows one example where DRS signals are transmitted by small cells regardless of their on/off status to enhance discovery. 

Depending on the purpose, different candidate legacy signals can be considered for the DRS design, e.g., PSS, SSS, CRS and CSI-RS, with possibly different transmission duty cycles. Currently, RAN1 has agreed that a UE can assume the DRS to carry PSS (identical to the Rel-8 waveform) at least for coarse time synchronization. Additional reference signals may also be transmitted to enable a UE to perform RRM measurements, etc. Furthermore, since it has been agreed that the Rel-12 discovery procedure shall be configured only for RRC_CONNECTED UEs, assistance information regarding the configurations of DRS can be provided for the UE to avoid blind detection of DRS.
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Figure 1. Framework for enhancement of discovery
3 Network assistance signaling for discovery

Based on the evaluations and analysis of our companion paper [1]

 REF _Ref383182430 \r \h 
 \* MERGEFORMAT [2], CSI-RS or enhanced CSI-RS may be used for RRM measurements. According to an agreement in the RAN1#76 meeting, a UE can rely on PSS for coarse synchronization to the downlink signals transmitted within a cluster of coordinated small cell operating with on/off. This enables coarse synchronization to the CSI-RS/eCSI-RS part of the DRS in accordance to a quasi co-location assumption between the PSS antenna port and the CSI-RS/eCSI-RS antenna port(s).

Proposal 1: the PSS antenna port and the CSI-RS/eCSI-RS antenna port(s) are related by a quasi co-location assumption for time and frequency synchronization (average delay and Doppler shift). The accuracy of the QCL assumption is to be defined by RAN4.

It was also concluded in the study item phase that network assistance is beneficial for improving the discovery performance and for reducing the UE detection complexity and power consumption. Given that the serving cell of a connected UE can know the coordination parameters of the small cells in the cluster operating with on/off, it is possible for the network to signal the entire configuration of DRS in the small cell cluster to the UE. Then the UE only needs to perform DRS detection for a list of candidate cells, including a known set of IDs and CSI-RS resources (including subframe information). Hence blind detection could be entirely avoided at the UE side.

Currently, one CSI-RS resource is defined by the number of CSI-RS ports, resourceConfig, subframeConfig, scrambling ID (Pc is not considered here since the UE would only need to take RSRP measurements on the DRS). Here we consider the configuration parameters that would be needed for the CSI-RS and eCSI-RS [2]:

· If existing CSI-RS are reused, there is no need to define multiple antenna ports if that CSI-RS resource is not also used for CSI measurements. However, the number of resource elements occupied by the CSI-RS resource should guarantee to meet the RAN4 RRM requirements. Whether the number of REs of a CSI-RS resource of DRS needs to be signalled by network assistance or is pre-defined will need to be studied. The number of REs and the use of muting will need to be considered when defining the requirements for DRS-based cell discovery and RRM measurements. Exploiting OCC to separate the DRS from two cells is feasible, so OCC ID may also be part of the CSI-RS resource configuration (i.e. similar as signalling port 15 or 16).

· For an eCSI-RS resource, subframeConfig and scrambling ID may be reused. Cyclic shift information needs to be added. ResourceConfig can be simplified to indicate the OFDM symbols in which the resource is located, unless it is pre-defined in a subframe. The number of CSI-RS ports can just be replaced by the OCC information. The number of REs occupied by the eCSI-RS resource is fixed and is expected to meet the RAN4 requirements since the proposed design occupies all REs in two OFDM symbols.

Proposal 2: network assistance for discovery is provided to the UE by signalling the configuration of the DRS of cells within a set of coordinated cells. 

· The assistance signalling consists of a candidate cell list. 

· For each cell, the signaling provides information about PSS ID, CSI-RS or eCSI-RS configuration information (number of resource elements (FFS for CSI-RS), resourceConfig, subframeConfig, scrambling ID, cyclic shift (for eCSI-RS), OCC ID), and quasi co-location information between PSS and CSI-RS/eCSI-RS with respect to average delay and Doppler shift.

4 Conclusions
This contribution provides further analysis of the possible network assistance for small cell discovery. The following proposals are made,
Proposal 1: the PSS antenna port and the CSI-RS/eCSI-RS antenna port(s) are related by a quasi co-location assumption for time and frequency synchronization (average delay and Doppler shift). The accuracy of the QCL assumption is to be defined by RAN4.

Proposal 2: network assistance for discovery is provided to the UE by signalling the configuration of the DRS of cells within a set of coordinated cells. 
· The assistance signalling consists of a candidate cell list. 

· For each cell, the signaling provides information about PSS ID, CSI-RS or eCSI-RS configuration information (number of resource elements (FFS for CSI-RS), resourceConfig, subframeConfig, scrambling ID, cyclic shift (for eCSI-RS), OCC ID), and quasi co-location information between PSS and CSI-RS/eCSI-RS with respect to average delay and Doppler shift.
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