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1 Introduction
In RAN1#77 meeting, some agreements are made on discovery signal designs, which are captured as follows:
	Agreements:

· UE assumes PSS/SSS/CRS in the DRS
· Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers

· CRS-based RSRP measurements are supported, and CSI-RS –based RSRP measurements are supported
· UE may report DRS-based RSRP/RSRQ and associated PCID and information for TP identification

· RRM measurement configuration and reporting details are up to RAN2
· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS
Agreements:

· For DRS,

· Scrambling ID of PSS/SSS/CRS is PCID

· Scrambling ID of CSI-RS may be different from PCID

· TP identification may be represented by e.g., CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination

· FFS on details
Agreements:

· DRS can only be transmitted on a DL subframe or DwPTS region of subframes

· For DRS-based measurement, a UE assumes that 
· A DRS occasion for a cell consists of

· One instance of PSS/SSS per Rel-8
· CRS is transmitted at least in the same subframe(s) as PSS/SSS
· A DRS occasion can comprise multiple CSI-RS RE configurations

· The different CSI-RS configurations may be in the same or different subframe(s)

· The different CSI-RS configurations may be scrambled independently

· Relative subframe offset between SSS and one CSI-RS RE configuration
· FFS between variable or fixed within 5 msec relative to subframe of SSS

· A DRS occasion for a cell comprises N consecutive subframes (N <= 5)

· FFS on DRS transmission on MBSFN subframe, if so, how

· FFS between

· One or more subframes among N subframes may not carry any DRS signal (i.e., either CRS or CSI-RS)
· All DL subframes carry DRS signal

· A DRS occasion for a cell is transmitted every M ms

· Candidate values for M are 40, 80, 160, FFS on other values
· Note: RAN1 design does not assume any requirements of the number of detectable cells using DRS



After RAN1#77 meeting, there has been an email discussion [77-09] on details of DRS transmission in a DRS occasion, and the agreements from the email discussion are shown below:

	Agreements:

· 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 on supporting other antenna port(s) and/or more REs/PRB
· 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 discuss remaining issues on DRS design details focusing on the FFS points above, based on the agreements so far.
2 Discovery signal design
2.1 TP identification details

It is agreed in RAN1#77 meeting that TP identification may be represented by e.g., CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination, and details are FFS. The need for TP identification is based on the shared cell-ID scenario, meaning multiple TPs (each transmitting DRS-CSI-RS) are associated with a shared cell-ID.

Regarding TP identification by DRS-CSI-RS, it should be decided whether implicit mapping between TPID (scrambling ID) and REs is sufficient, or explicit mapping between them needs to be signalled. Here, the explicit mapping means an explicit DRS-CSI-RS configuration should be signalled to a UE, which includes exact information of mapping between DRS-CSI-RS RE locations and information related to a TPID. Although such explicit mapping information may provide more flexibility to the network implementation on TPID assignments and cell planning, there is a clear drawback that the UE has to rely only on the configured mapping information so that the UE may not perform any blind detection of TPs which was not included in the DRS-CSI-RS configuration with relevant mapping information between TPID and REs. Moreover, since the explicit mapping primarily requires UE location (e.g., which cluster it belongs to), it may be difficult to properly configure the mapping information if the UE location is not clearly known to the network. If multiple explicit mapping is configured to cope with such uncertainty of UE location, UE complexity would then increase due to the increased blind detection candidates. Therefore, implicit mapping is preferred and seems sufficient with a predefined mapping pattern between TPID and REs, e.g., TPID is obtained by the detected PCID plus RE index w.r.t. (k’, l’) in [1], which greatly simplifies needed DRS-CSI-RS configurations and enables UE’s blind detection of TPs based on a detected PCID by at least PSS/SSS.

If explicit signalling is considered, since the major use-case of DRS-CSI-RS based measurement is to support a shared cell ID scenario, per-cell based DRS-CSI-RS configuration approach can be considered. For instance, a UE can be configured with a set of {a cell-ID associated with a set of {DRS-CSI-RS-ConfigNZP} } for the cells transmitting DRS-CSI-RS. For DRS-CSI-RS configuration, we consider that the similar configuration of CSI-RS-ConfigNZP can be reused where subframeConfig can be reused as well. Since DRS-CSI-RS-ConfigNZP is configured per cell, QCL configuration related to legacy CRS for CoMP operations is not needed. 
According to these given configurations, the UE performs DRS-CSI-RS based RSRP measurement and reporting. Note CSI-RSRQ reporting is not necessary in our view, which is discussed in our companion contribution [2].
Proposal 1. Implicit mapping between TPID (scrambling ID) and REs for DRS-CSI-RS is desirable. If explicit signalling is considered, configuration of DRS-CSI-RS can be associated with a cell. 
2.2 Remaining issues on DRS-CRS

Regarding which OFDM symbols DRS-CRS is located on, it is agreed to follow an MBSFN subframe configuration or MBSFN related configuration if configured, and FFS whether there is a need to enhance signalling. As elaborated more in our companion contribution [3], the existing IE NeighCellConfig only indicates whether the UE can assume or not the same MBSFN subframe allocation as the PCell (or the serving cell on this frequency). When MBSFN subframe configuration is aligned, this signal is sufficient. However, this signal does not give any further information if the configurations are not aligned. As the UE is informed with timing of measurement, we can consider a short subframe bitmap applied to the DMTC duration regarding MBSFN subframe configuration so that the UE can utilize this information to enhance the measurement performance based on DRS-CRS.
Proposal 2. To enhance UE detection performance, consider enhancements of MBSFN configuration signaling.
Regarding another FFS issue on whether number of subframes in a DRS occasion is to be fixed or configurable, it is fixed the same as the DMTC duration by default. As discussed in the companion contribution [3], however, it may be beneficial that the network can optionally configure a DRS occasion period in addition to DMTC in order to allow more flexible network operations. 

In addition, the number of DRS-CRS antenna ports per cell/frequency can also be signalled in a DRS configuration so that the UE can utilize this information to enhance the detection performance. If the number of DRS-CRS ports for a cell is indicated to 2 as an example, the UE can use both R0 and R1 ports. If the number of DRS-CRS ports is not indicated to a UE, some clarification is needed in terms of DRS-CRS transmission and UE behaviour, which is discussed in our companion contribution [3].

Proposal 3. The number of DRS-CRS antenna ports per cell/frequency can also be signalled in a DRS configuration so that the UE can utilize it to enhance the detection performance.

2.3 Remaining issues on DRS-CSI-RS

It is preferred to indicate the number of CSI-RS ports per cluster or frequency, based on such implicit mapping described in Section 2.1. In addition, supporting other antenna port(s) and/or more REs/PRB for DRS-CSI-RS is beneficial, but in this case, RS power difference issue between DRS-CSI-RS ports should be clarified in terms of UE’s measurement. It is needed that UE can assume the transmission power from a DRS-CSI-RS port is the same across different subframes, so that the UE can do averaging the measurement results across subframes irrespective of potentially different number of DRS-CSI-RS ports on the same CDM REs if any configured FB-CSI-RS (NZP CSI-RS for CSI feedback) and the DRS-CSI-RS collide on the REs. In case when 2 DRS-CSI-RS ports are configured, UE needs to first sum the measured power values for two CDM ports and then do averaging across different subframes.
Proposal 4. RS power difference issue between DRS-CSI-RS ports should be clarified in terms of UE’s measurement.

It is agreed in RAN1#77 meeting that, for each CSI-RS RE configuration in a DRS occasion, a UE can assume that the corresponding CSI-RS is transmitted in one subframe. Regarding FFS point on whether to allow more than one subframe, our view is that there is no reason to have such flexibility in consideration that DRS-CSI-RS configuration can be independent but similar to FB-CSI-RS configuration. Also, multiplexing capability of DRS-CSI-RS configurations would be more important factor so that the assumption on DRS-CSI-RS appeared at one subframe in a DRS occasion would be sufficient.
Proposal 5. The agreed assumption on DRS-CSI-RS appeared at one subframe in a DRS occasion would be sufficient.

It needs to be considered that a discovery QCL type between DRS-CSI-RS and other RSs including PSS/SSS and CRS is defined and assumed to UE for enhancing DRS-based measurement performance. For example, DRS-CSI-RS with a scrambling ID, DRS-PSS/SSS and DRS-CRS with the associated cell ID can be assumed to be QCL-ed w.r.t {Doppler shift, average delay} from the measurement perspective. In other words, a rough frequency/time tracking based on DRS-PSS/SSS and DRS-CRS can be used for DRS-CSI-RS based measurements. 

Furthermore, as mentioned in our companion contribution [3], we can consider DRS-CSI-RS is a subset of feedback-CSI-RS. In this case, further consideration of efficient use of DRS-CSI-RS configurations is possible. For instance, we can enhance the operation of semi-static point switching among TPs without explicit reconfiguration of feedback CSI-RS, by utilizing DRS-CSI-RS configuration directly applicable to feedback CSI-RS configuration. In such a case, further clarification on QCL relationship to PDSCH is needed.
Proposal 6. Further clarification on QCL relationship among DRS signals is needed. 
3 Conclusions

This contribution discusses remaining issues on DRS design details. Based on the discussion, some proposals are given as follows. 
· Proposal 1. Implicit mapping between TPID (scrambling ID) and REs for DRS-CSI-RS is desirable. If explicit signalling is considered, configuration of DRS-CSI-RS can be associated with a cell.
· Proposal 2. To enhance UE detection performance, consider enhancements of MBSFN configuration signaling.
· Proposal 3. The number of DRS-CRS antenna ports per cell/frequency can also be signalled in a DRS configuration so that the UE can utilize it to enhance the detection performance.
· Proposal 4. RS power difference issue between DRS-CSI-RS ports should be clarified in terms of UE’s measurement.
· Proposal 5. The agreed assumption on DRS-CSI-RS appeared at one subframe in a DRS occasion would be sufficient.
· Proposal 6. Further clarification on QCL relationship among DRS signals is needed.
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