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1 Introduction

In RAN1#77, the following agreements were achieved
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
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
Agreements (regarding discovery signals) from RAN1 email discussion [77-09]:

· 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 discuss the remaining issues of DRS design.
2 Remaining issues of discovery signal design 
2.1 Remaining details of DRS occasion 

The number of subframes for a DRS occasion 
One of the open issues is the duration of a DRS occasion (in subframes) and whether it should be fixed or configurable. In our view, the duration of a DRS occasion should be configurable from 1ms to 5ms for FDD, and 2ms to 5ms for TDD. Longer duration may be needed if samples from the longer duration are needed to achieve the required performance which includes measurement accuracy as well as measurement latency. Longer duration can also allow easier reuse of CSI-RS configured for CSI measurement as DRS. On the other hand, DRS occasion with short duration can enable more DRS occasions to be multiplexed in the time domain within a DRS measurement period. 

Proposal 1: DRS occasion duration is configurable from 1 subframe to 5 subframes for FDD and from 2 subframes to 5 subframes for TDD.  
The number of CRS ports

The number of CRS ports assumed by the UE in a DRS occasion should be no different than the number of CRS ports assumed for a legacy cell. If the DRS is transmitted by a SCell, the number of CRS ports in the DRS occasion is the same as SCell’s CRS ports (as indicated by antennaInfoCommon-r10 in RadioResourceConfigCommonSCell-r10). If the DRS is transmitted by a non-serving cell, the UE can at least measure on CRS port 0, and if CRS port 1 can be reliably detected by the UE, CRS port 1 can be measured as well. Similar to the legacy cell, there is no need to indicate the number of CRS ports of a DRS occasion of a non-serving cell. 
Proposal 2: The number of CRS ports for a SCell’s DRS is the same as the SCell’s number of CRS ports (as indicated by by antennaInfoCommon-r10 in RadioResourceConfigCommonSCell-r10). 

Proposal 3: For a non-serving cell, the UE can at least measure on CRS port 0, and if CRS port 1 can be reliably detected by the UE, CRS port 1 can be measured as well. There is no need to indicate the number of CRS ports of a DRS occasion of a non-serving cell.
MBSFN subframe configuration


UE assumption of MBSFN subframe in the DRS occasion should be no different than legacy cells. If the DRS is transmitted by a SCell, UE assumption of MBSFN subframe in the DRS occasion is indicated by mbsfn-SubframeConfigList-r10 in  RadioResourceConfigCommonSCell-r10. Similarly, for non-serving cells that transmit DRS, the MBSFN subframe configuration information is limited to that indicated by NeighCellConfig. No additional signaling seems necessary.
Proposal 4: MBSFN subframe configuration for DRS subframes is as indicated by mbsfn-SubframeConfigList-r10 in  RadioResourceConfigCommonSCell-r10 for a SCell and as indicated by NeighCellConfig for non-serving cell.
CSI-RS

The CSI-RS in DRS can be a part of CSI-RS for CSI measurement purpose as shown in Figure 2, where the periodicity of CSI-RS in DRS can be an integer multiple of the CSI-RS periodicity for CSI measurement. This results in lower overall RS overhead. However, from the UE’s perspective, the configuration for the two types of CSI-RS can still be independent. Assuming one or two CSI-RS ports per TP or cell, up to 20 cells can be multiplexed in a DRS subframe as shown in Figure 3. A TP or cell can be identified by a combination of the CSI-RS RE location, the CSI-RS subframe location, the CSI-RS scrambling id and the PCI of PSS/SSS used as synchronization reference.
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Figure 2: CSI-RS for DRS and CSI-RS for CSI measurement
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Figure 3: CSI-RS index within a DRS subframe

An open issue is whether the number of CSI-RS ports should be indicated to the UE. As two CSI-RS ports can be multiplexed in the same set of REs, the transmit power per RE of a CSI-RS port if two CSI-RS ports are multiplexed can be half of the case where only one CSI-RS port is transmitted. For example, assume Cell A transmits only one CSI-RS port (port 15) and Cell B transmits two CSI-RS ports (port 15 and 16), and if the UE is measuring only CSI-RS port 15, the CSI-RSRP of Cell A will be twice that of Cell B assuming the path losses from Cell A and from Cell B are the same. In order to enable fair comparison of Cell A and Cell B, we propose that the UE measures port 15 and port 16 of Cell B and generate a CSI-RSRP for Cell B which is the sum of the measurement of port 15 and port 16. Hence, the number of CSI-RS ports (port 15 or port 15-16) should be indicated as part of the DRS occasion configuration.
Proposal 5: A TP or cell can be identified by a combination of the CSI-RS RE location, the CSI-RS subframe location and the CSI-RS scrambling id.
Proposal 6: The number of CSI-RS ports of a DRS occasion (port 15, or port 15-16) should be signaled to the UE.

Another remaining issue is whether the UE should apply data rate matching around CSI-RS as DRS. During the email discussion [77-09], the following three alternatives were proposed:

· Alt1: REs for CSI-RS as DRS does not change the PDSCH/EPDCCH rate matching patterns
· Alt2: Rate matching around CSI-RS as DRS for the serving cell/TP is assumed, while no rate matching around CSI-RS as DRS for the non-serving cells/TPs is assumed
· Alt3: Rate matching around all configured Res for CSI-RS as DRS is assumed

In our view, Rel-11 rate matching principle (Alt 1) should be sufficient to provide the trade-off between measurement accuracy by muting and resource overhead reduction since Rel-11 NZP/ ZP CSI-RS can be configured by the serving cell/TP in order to achieve data rate matching around CSI-RS REs. Furthermore, as mentioned above, the CSI-RS as DRS can be a part of CSI-RS for CSI measurement around which data rate matching is assumed. Therefore, there would be no reason to mandate any data rate matching around CSI-RS as DRS such as in Alt 2 and Alt 3.

Proposal 7: REs for CSI-RS as DRS does not change the PDSCH/EPDCCH rate matching patterns.

2.2 Reference time and frequency synchronization for CSI-RS in DRS 

From the small cell discovery study [2], it is well known that the UE can reliably detect the PSS/SSS of the strongest cell in a small cell cluster even with only one subframe. Since all small cells within the same cluster are typically synchronized (e.g. such that timing offset at UE is within ±3 µs and frequency offset at UE is within ±0.1ppm), this implies that the UE can use the timing and frequency of a detected PSS/SSS in the cluster as the timing and frequency reference for detecting the DRS of any cell in the same cluster. This is illustrated in Figure 1. Note that the PSS/SSS is not necessarily transmitted from the same small cell that transmits DRS. 
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Figure 2: PSS/SSS for coarse time and frequency synchronization
Proposal 8: For enhanced cell discovery, PSS/SSS of a cell in a small cell cluster can be used for coarse time and frequency synchronization for detecting the CSI-RS in the DRS of another cell in the same cluster.

From the small cell discovery study [2], it is also known that when multiple small cells clusters are close to each other, some UEs are likely to detect cells from multiple clusters. Since small cells from different clusters may not be synchronized, the PSS/SSS from cells in one cluster should not be used as the time/frequency reference for detecting DRS from cells in another cluster. This implies that the UE should be informed by the network about the set of PSS/SSS that can be used as the time/frequency reference for a set of CSI-RS resources. A set of PCIs can be configured for a given set of CSI-RS resources. If the UE detects a PSS/SSS where the corresponding PCI belongs to the set, then the UE can use the PSS/SSS for detecting any CSI-RS in the associated CSI-RS resources. This network assistance can be sent from the serving cell, which can be the macro cell or a small cell that the UE is connected to.
Proposal 9: A set of PCIs can be configured to indicate a PSS/SSS set that can be used for coarse time and frequency synchronization for detecting a CSI-RS resource.
3 Conclusions

In this contribution, we discussed the remaining issues of DRS design. Our proposals are summarized below.
Proposal 1: DRS occasion duration is configurable from 1 subframe to 5 subframes for FDD and from 2 subframes to 5 subframes for TDD.  
Proposal 2: The number of CRS ports for a SCell’s DRS is the same as the SCell’s number of CRS ports (as indicated by by antennaInfoCommon-r10 in RadioResourceConfigCommonSCell-r10). 

Proposal 3: For a non-serving cell, the UE can at least measure on CRS port 0, and if CRS port 1 can be reliably detected by the UE, CRS port 1 can be measured as well. There is no need to indicate the number of CRS ports of a DRS occasion of a non-serving cell.
Proposal 4: MBSFN subframe configuration for DRS subframes is as indicated by mbsfn-SubframeConfigList-r10 in  RadioResourceConfigCommonSCell-r10 for a SCell and as indicated by NeighCellConfig for non-serving cell.
Proposal 5: A TP or cell can be identified by a combination of the CSI-RS RE location, the CSI-RS subframe location and the CSI-RS scrambling id.
Proposal 6: The number of CSI-RS ports of a DRS occasion (port 15, or port 15-16) should be signaled to the UE.

Proposal 7: REs for CSI-RS as DRS does not change the PDSCH/EPDCCH rate matching patterns.
Proposal 8: For enhanced cell discovery, PSS/SSS of a cell in a small cell cluster can be used for coarse time and frequency synchronization for detecting the CSI-RS in the DRS of another cell in the same cluster.
Proposal 9: A set of PCIs can be configured to indicate a PSS/SSS set that can be used for coarse time and frequency synchronization for detecting a CSI-RS resource.
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