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1. Introduction
The following agreements on DRS design were made in RAN1#77 and the email discussions.

Agreements (regarding discovery signals):

· For subframes (DL subframes and DwPTS region of subframe) within a DRS occasion indicated for possible DRS-based measurements, a UE can assume that at least CRS antenna port 0 for a cell is transmitted

–     When UE is indicated with MBSFN subframe configuration or MBSFN related configuration, UE assumption of CRS transmission on MBSFN subframe is per Rel-8

· FFS whether there is a need to enhance signaling

–     A UE may assume that all DL subframes and DwPTS region of subframe in a DRS occasion are available at least for CRS as DRS based measurements

· FFS whether number of subframes in a DRS occasion is to be fixed or configurable

· FFS relation to restricted measurement subframe

–     FFS whether to indicate the number of CRS ports

· If, in addition, CSI-RS is configured as DRS

–      For CSI-RS as DRS, at least single antenna port 15 with 2 REs per PRB of CSI-RS RE configuration is supported for CSI-RS based RSRP

· FFS whether to indicate the number of CSI-RS ports

· FFS on supporting other antenna port(s) and/or more REs/PRB

–      In a DRS occasion, the relative subframe offset between SSS and one CSI-RS RE configuration (or equivalence) can be different for different CSI-RS RE configurations

–      For each CSI-RS RE configuration in a DRS occasion, a UE can assume that the corresponding CSI-RS is transmitted in one subframe

•       FFS on whether to allow more than one subframe

–     Continue discussion on UE data rate matching on CSI-RS as DRS in RAN1#78

· Requirements on measurement bandwidth, periodicity, and duration of a DRS occasion should be discussed in RAN4

In this contribution, we further discuss the remaining details of discovery signal design.
2. Discussion
UE assumption on CRS port in DRS
As illustrated in our previous contribution [1], small cells in OFF state only transmits CRS port 0 such that a larger CRS frequency domain reuse factor 6 can be achieved. With this approach, the inter-cell interference caused by DRS transmissions to neighbor cells (ON or OFF state) can be reduced, thus the RRM measurement performance based on CRS in DRS can be improved. On the other hand, small cells in ON state transmit CRS in a DRS occasion using the same number of CRS ports as other subframes, i.e. the DRS transmission is just a snapshot of regular CRS. From RRM measurement performance perspective, as shown in our companion RAN4 contribution [2], RRM measurement based on only CRS port 0 is sufficient to fulfill the current RAN4 RRM measurement performance requirement. 
Therefore, there is no need to indicate the CRS port in DRS and UE assumes that port 0 CRS is transmitted if DRS based measurement is configured. 
Proposal 1: If DRS based measurement is configured, UE assumes port 0 CRS is transmitted in DRS.

Number of subframes in a DRS occasion
According to previous RAN1 agreements, requirements on measurement bandwidth, periodicity, and duration of a DRS occasion should be studied in RAN4. In order to avoid parallel discussions, we propose that the number of subframes in a DRS occasion is discussed after the RAN4 performance study. 
For TDD, since PSS and SSS/CSI-RS are transmitted in different subframes, a DRS occasion should at least include consecutive subframes {0, 1} or {5, 6}. Considering there are less downlink subframes in TDD, CRS in DwPTS region can be used for DRS measurement to increase the measurement sample. 
Proposal 2: The number of subframes in a DRS occasion depends on the RAN4 performance study.
Remaining details of CSI-RS as DRS
As CSI-RS can be configured on orthogonal REs, OCC based multiplexing between different TPs should be avoided, especially considering the orthogonality will be degraded due to different propagation distances and transmitting power among TPs.  
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During the E-mail discussion, it was agreed that for CSI-RS as DRS, at least single antenna port 15 with 2 REs per PRB of CSI-RS RE configuration is supported for CSI-RS based RSRP. Whether additional CSI-RS ports (REs) shall be supported to improve the CSI-RS based RRM measurement performance can be further discussed. However, this issue should depend on RAN4 performance study on the CSI-RS based DRS RRM measurement.   

Proposal 3: When CSI-RS is configured in DRS, OCC based multiplexing between different TPs should not be supported.

Proposal 4: Whether to use more than one CSI-RS port in DRS for RRM measurement should depend on the RAN4 performance study.
As the existing CSI-RS RE configurations (including both ZP and NZP CSI-RS) can be used for CSI-RS in DRS, from the UE’s PDSCH/EPDCCH rate matching perspective, there is no need to support new rate matching pattern.
The distances of a UE to small cells/TPs within the same cluster will be relatively small thus once the UE acquires coarse time synchronization to one or more small cells/TPs using PSS/SSS/CRS, it also acquires coarse time synchronization to other small cells/TPs. If CSI-RS is configured in DRS for measurements, it is helpful to provide the associated CRS information such that UE can find the reception window for RSRP measurement of each configured CSI-RS measurements, since different cells may be time unsynchronized. 

Proposal 5: For each configured NZP CSI-RS for DRS based measurement, the information on the associated CRS scrambling ID should be known by the UE.

3. Conclusion
In this contribution, we discuss the remaining details of discovery signal design and give our views on UE assumption on CRS ports number, number of subframes in a DRS occasion, remaining details of CSI-RS as DRS and QCL. Based on the discussion, we have the following proposals:
Proposal 1: If DRS based measurement is configured, UE assumes port 0 CRS is transmitted in DRS.
Proposal 2: The number of subframes in a DRS occasion depends on the RAN4 performance study.
Proposal 3: When CSI-RS is configured in DRS, OCC based multiplexing between different TPs should not be supported.

Proposal 4: Whether to use more than one CSI-RS port in DRS for RRM measurement should depend on the RAN4 performance study.
Proposal 5: For each configured NZP CSI-RS for DRS based measurement, the information on the associated CRS scrambling ID should be known by the UE.

4. References
[1]. R1-141991, “Evaluation on small cell discovery signal”, CATT
[2]. R4 -144272, “Measurement performance simulation for small cell based on DRS”, CATT 




















































































