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1 Introduction

In the last RAN1 meeting #77, alternatives for DRS design are down-selected, and the succeeding email discussion [77-09] made the following agreements. Some of agreements are rewritten below. In this contribution, we address the preferences for remaining FFS issues for the signaling for DRS based measurements.
	Agreement:
· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration
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

–     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


2 Discussions
 The on/off-capable cell may transmit the discovery signal (DRS) to support efficient cell on/off operations. The cell is called a DTx cell if the cell transmits DRS only, and an active cell if the cell can schedule any PDSCH and/or PUSCH, and a dormant cell if the cell transmits nothing.The DRS occasion consists of a set of subframes that carry DRS, i.e., PSS/SSS/CRS and CSI RS if configured. Each set of CRS and CSI RS correspond to a small cell. 

Small cells that are deployed closely may form a small cell cluster, which is assumed to be time and frequency synchronized to a certain degree, e.g., less than 3 us for timing offset and less than 0.1 ppm for frequency offset, within the small cell cluster, but not necessarily assumed to be synchronized between small cell clusters, nor between the small cell cluster and the macro cell. 
UE can be configured for DRS based RRM (D-RRM) report if the serving cell or neighboring cells are on/off-capable. UE may or may not be configured both CRS based RRM (C-RRM) report and D-RRM report. However, the dense cell scenario assumes lots of on/off-capable small cells in multiple configured frequencies. Thus, it is desirable not to monitor and/or to indicate states of neighboring/adjacent cells in all configured frequencies because the signaling overhead can be significant. Thus, the unified measurement behavior regardless of cell states should be introduced. UE assumes DRS only for D-RRM regardless of the cell state. 

Proposal 1: UE assumes DRS only for D-RRM regardless of the cell state.

The DRS occasion includes Rel-8 PSS and SSS, and UE derives synchronization based on received PSS/SSS(s) from small cell(s). It is expected that the inter-PSS/SSS interference are severe in the dense small cell deployment. In such scenario, it may not be necessary that all small cells transmit PSS and SSS if geographically adjacent small cells are time/frequency synchronized within a small cell cluster for all considering frequencies. In other words, only a few small cells in a small cell cluster may provide PSS/SSS, while other small cells in the same small cell cluster transmit own CRS/CSI RS but not PSS/SSS. This PSS/SSS sharing can avoid inter-PSS/SSS interference, and increase the cell detection probability. In this case, UE should demodulate DRSs from small cells within the small cell cluster by using the acquired time/frequency synchronization from the received PSS/SSS. 
Observation: The time/frequency synchronization can be reused to demodulate DRS(s) if small cells are densely deployed and are synchronized at least within the small cell cluster.

In this shared PSS/SSS case, the serving cell should deliver to the UE the association information between the PSS/SSS to be reused and the CRS/CSI RS, e.g., the reused PCI and the corresponding scrambling id(s) for CRS(s)/CSI RS(s). 
Observation: The network assistance for DRS should include at least the association information between the PSS/SSS to be reused and the other part of DRS, i.e., CRS and/or CSI RS.

Regarding DRS occasion duration, we can see a tradeoff between the DRS occasion duration and the interfered subframes. The shorter DRS occasion duration will decrease the number of interfered subframes from DRS-PDSCH interferences. On the other hands, the longer DRS occasion duration will decrease the level of inter-DRS interferences. This tradeoff makes the fixed duration less attractive. It is more flexible and beneficial that the DMTC will include the number of subframes in one DRS occasion depending the network deployment and the offered traffic conditions. 

In case that measurement subframe sets are configured, the UE should derive the RRM measurement for each measurement subframe set. Then, UE should be able to assume that the number of subframes, which are included both in one measurement subframe set and in the DRS occasion, are sufficient to achieve the RRM measurement accuracy requirement. In this case, longer DRS occasion duration may be desirable to increase the number of measurement opportunities in each measurement subframe set, though longer DRS occasion will cause more number of interfered subframes. 
Proposal 2: The network assistance for DRS should include at least the number of subframes for one DRS occasion.

2.1 CRS for DRS
 For UE to demodulate the CRS, the UE need the time/frequency synchronization. In the shared PSS/SSS scheme, the UE should know that which PSS/SSS corresponds to the observing CRS. The association information that maps the reused PSS/SSS and the CRS will help UE to identify non-serving cells as well as the serving cell, and to relieve the IC burden at a UE. If PSS/SSS(s) are reused in the dense cell deployment scenario, then the serving cell should indicate the association information between the reused PSS/SSS and the PCI because each DTx cell transmits own CRS but may not transmit PSS/SSS. The UE should the association information to identify adjacent cells if the UE is not able to activate CRS IC.

Proposal 3: The network assistance for DRS should include at least the association information between the PSS/SSS to be reused and the CRS.
 When UE performs CRS based RRM measurements, the more number of CRS ports can increase the accuracy of RRM measurement. In our view, due to signalling overhead, the DMTC may not include the number of CRS ports. As legacy UE behaviour, UE can assume CRS port 0 and blindly detect other CRS ports if necessary. Thus, the DMTC may not include the number of CRS ports.
 Proposal 4: The network assistance for DRS need not include the number of CRS ports.

2.2 CSI RS for DRS

In the shared cell id scenario or other relevant scenarios, CSI RS resources should be configured. In this case, quasi-colocation should indicate the association between CRS ports 0-3 and CSI RS port 15-22 with respect to both time domain property and frequency domain property. UE can demodulate CSI RS by synchronization reference acquired from the signaled CRS ports.
Proposal 5: The CSI RS resource configuration for the DRS should include at least quasi-colocation information.

The serving cell may differentiate the number of configured CSI RS ports depending on its state. For example, the active cell typically configures the CSI RS ports as many as antenna ports that the PDSCH transmission would occur. On the other hand, the DTx cell should configure the CSI RS ports as many as the CSI RSRP measurement accuracy requires. Then, UE assumes different number of CSI RS ports for different cell state. In this case, for CRS based TM, UE can perform CRS based CSI report and CSI RS based RSRP/RSRQ report, where the number of CSI RS can be fixed/configured by the standard. For DM RS based TM, UE performs CSI RS based CSI report and CSI RS based RSRP/RSRQ report, where the number of CSI RS for RRM report can be fixed or configured by the standard.

If CSI RS is configured and if single antenna port suffices for CSI RSRP measurements, then the number of CSI RS port need not be included in the DMTC. However, single CSI RS port achieves less accurate measurement results in some scenario because the CSI RS RE density is low in the frequency domain. In this case, the multiple (i.e., four or eight) CSI RS ports will increase the measurement accuracy. Considering the signaling overhead, we prefer the fixed number of CSI RS ports. The possible number of CSI RS ports is either four or eight.

Proposal 6: The CSI RS resource configuration for the DRS need not include the number of CSI RS ports.
 For fast cell on/off operation, it is beneficial that UE may report RRM measurements of DTx serving cells. Due to backhaul delays, to further decrease the time required to change the cell state, the UE may be able to report RRM measurements to the DTx serving cell. In this case, we can see that UE needs to know the appropriate transmission power. In Rel-11, the CRS EPRE and the received signal energy are used to guess the transmission power for the uplink. In the case of non-shared cell id scenario, UE expects CRS within the DRS occasion and calculate the transmission power. In the shared cell id scenario, the received CRS power may be independent of the uplink pathloss because UE cannot assume that collocated antennas transmit the CRS. If UE determines the uplink transmission power based on the received CRS power, then the calculated power will be not accurate and it can lead to the significant uplink interferences at eNBs if dense cell scenario is considered. One of solutions is to use the CSI RS EPRE to derive the transmission power for the uplink. Since UE can distinguish each cell by each CSI RS resource, the more accurate power level can be derived. Equivalently, it is also possible that p-C can be signaled to indicate the CSI EPRE, provided that the ratio between CRS EPRE and PDSCH EPRE is already known to the UE.
Proposal 7: The CSI RS resource configuration for the DRS should include at least CSI RS EPRE.
2.3 RRM based on DRS

According to agreements in RAN1#77, UE should perform D-RRM but not Rel-8 RRM if the DMTC is configured. UE performs D RSRP for intra-frequency measurements, and D RSRQ for intra-frequency measurements. It is generally said that CSI RSRQ can be configured if C RSRQ is configured. In order to derive D RSRQ, we should define D RSSI first and specify its relation to D RSRQ. Our companion paper [1] summarized our view.
3 Conclusion

In this contribution, the design issues of DRS are discussed and the candidate DRS configurations are exemplified. Based on the discussions, we make the following proposals:
· Proposal 1: UE assumes DRS only for D-RRM regardless of the cell state.

· Proposal 2: The network assistance for DRS should include at least the number of subframes for one DRS occasion.

· Proposal 3: The network assistance for DRS should include at least the association information between the PSS/SSS to be reused and the CRS.

· Proposal 4: The network assistance for DRS need not include the number of CRS ports.

· Proposal 5: The CSI RS resource configuration for the DRS should include at least quasi-colocation information.

· Proposal 6: The CSI RS resource configuration for the DRS need not include the number of CSI RS ports.

· Proposal 7: The CSI RS resource configuration for the DRS should include at least CSI RS EPRE.
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