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In RAN1#77 [1] and succeeding email discussion [3], the agreements related to DRS (discovery reference signal) are as following:
· 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//especially for CoMP scenario 4
· 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

· 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
According to the agreements, the CSI-RS antenna ports number and CSI-RS subframe occupation are still FFS. In this contribution, we mainly focus on these issues from the perspective of CSI measurement for dynamic on/off small cell.
Necessity of CSI measurement/feedback at small cell off state
At present, when a cell changes from off state to on state, CSI measurement/feedback is not available. As a result, either scheduling needs to be delayed or conservative scheduling considering the worst case would be used. In the future, with introduction of dynamic small cell on/off to match the traffic and interference status, the time without scheduling or conservative scheduling will occupy a larger portion, which will lead to performance loss and deteriorate user experience. Consequently, to facilitate dynamic small cell on/off, CSI measurement/feedback at off state is necessary. 
With densification of small cells, the geometry of the downlink channel is increased thanks to the link loss decrease. Consequently, high order modulation and multi-layer multiplexing will be more popular for downlink transmission. If only single antenna port CSI is configured and reported to the cell, downlink scheduling will be restricted to single layer transmission, whose throughput is quite smaller than that of channel state matching multi-layer transmission. So considering the large SINR, multiple antenna ports CSI measurement/feedback at small cell off state is quite helpful to improve the downlink spectral efficiency.
Proposal 1: Support multiple antenna ports CSI measurement/feedback at small cell off state.
DRS design for CSI measurement/feedback
If small cells are deployed quite densely in a geographical area, mutual interference of CSI-RS among different small cells may be quite severe if fullband CSI-RS with time domain multiplexing is used, especially considering the existing NZP CSI-RS and IMR. Consequently, frequency domain multiplexing of channel measurement/feedback CSI-RS can be considered. With different time instances adopting different subband channel measurement/feedback CSI-RS, full band CSI can be achieved by combination of multiple subband CSI. Compare with the case when full band CSI-RS within a single time instance is adopted for a single small cell, additional time diversity gain can be achieved. Consequently, multiple subframes allocation for the multiple antenna ports CSI-RS should be configurable. In addition, to multiplex CSI-RS for different cells, different initial subband can be used. An example is shown in Fig 1.


Fig 1. Frequency hopping of channel measurement/feedback CSI-RS
Meanwhile, if there is frequency scheduling restriction, then only single subband CSI-RS transmission/measurement is enough for efficient scheduling. In this way, the multiplexing capability for different small cells can be improved further, which can avoid mutual interference more efficiently.
The frequency domain position can be controlled by the macro eNB to get central coordination gain or implicit link to cell/TP index can be used to deal with the impact of non-ideal backhaul.
Proposal 2: Frequency domain multiplexing of multiple antenna ports CSI-RS should be considered to avoid interference. Whether the Frequency domain position is explicitly configured by macro eNB or decided by the small cell itself depends on the backhaul status.
Proposal 3: Multiple subframe(s) occupation by CSI-RS in a DRS occasion should be configurable.
Conclusions
In this contribution, we analyzed the necessity of CSI measurement/feedback at off state when small cell changes the states frequently due to burst traffic, and our proposals are as following:
Proposal 1: Support multiple antenna ports CSI measurement/feedback at small cell off state.
Proposal 2: Frequency domain multiplexing of multiple antenna ports CSI-RS should be considered to avoid interference. Whether the Frequency domain position is explicitly configured by macro eNB or decided by the small cell itself depends on the backhaul status.
Proposal 3: Multiple subframe(s) occupation by CSI-RS in a DRS occasion should be configurable.
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