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Discussion and Decision
1
Introduction
It was agreed in email discussion after RAN1#77 [1] that, 
· 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
Based on these agreements, we give our views on some detailed DRS design in the DRS occasion.  
2
Discussion
In order to reduce UE cell identification complexity and the power consumption, the DRS measurement timing configuration (DMTC) for small cells/TPs (per frequency) in on-state should be same with the small cells/TPs in off-state. Fig.1 illustrates the DMTC for a specific small cell when it is in off-state and in on-state. Besides, it is preferred that the DRS occasion periodicity should be same for all small cells/TPs under the same Macro cell coverage within a frequency layer, so that UE can detect and measure all the small cells/TPs in the same DRS occasion. 
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Fig.1 DRS occasion configuration in small cell on-state and off-state
Proposal1: The DRS occasion periodicity is same for all small cells/TPs under the same Macro cell coverage within a frequency layer. 
In the following, we separately analyse the PSS/SSS, CRS, CSI-RS(if configured) transmission within the DRS occasion.
PSS/SSS transmission in the DRS occasion:
One option for the PSS/SSS transmission in the DRS occasion is that small cells in off-state will transmit PSS/SSS in the same subframe with those in on-state, i.e., in SF#0 or in SF#5 in each DRS occasion. Therefore from UE point of view, it needs to do only one-shot PSS/SSS detection in each DRS occasion to identify the small cells in its proximity. In dense small cell scenario, it was observed by several companies [2][3] that using such kind of transmission, UE can only detect the strongest cell under certain typical simulation assumptions. However it is always desirable that UE could detect multiple small cells at the same time, so that Macro eNB can do effectively load balancing/shifting after UE reporting. From this point of view, it may be beneficial to consider the possibility of using more than 1 subframe within each DRS occasion to transmit PSS/SSS. Then based on configuration, different set of small cells could transmit PSS/SSS in different subframes, then the mutual PSS/SSS interference is reduced. There may have restricted number of subframes within each DRS occasion that contain PSS/SSS, and UE could be provided with the subframes that contain PSS/SSS in order to alleviate UE effort on PSS/SSS detection.
Furthermore, mapping of PSS/SSS from small cells in off-state to different SFs with those for small cells in on state will make UE implicitly know the status of the detected small cells, thus may bring additional benefits for the subsequent RRM measurement, for example if UE detects the cells IDs in legacy SF#0 or SF#5, it knows the corresponding detected small cells are in on-state. Then based on implementation, UE could extend the CRS based RRM measurement beyond the SFs in the DRS occasion.
For cell IDs that are shared by multiple transmission points, it is preferred that same PSS/SSS from all the transmission points will be transmitted also in SF#0 or SF#5 within a DRS occasion. The UE may be provided with related assisted information, e.g., on the cell IDs that are shared by multiple transmission points, so that UE upon detected such cell IDs could know the PSS/SSS carrying such IDs are transmitted from multiple transmission points, and UE will use CSI-RS only for subsequent RRM measurement and TP identification. Also UE will follow the reporting behaviour targeting for transmission points.
Based on all these analysis, we have the following proposal,

Proposal2: Based on MeNB configuration, PSS/SSS from small cells in off-state could be mapped to subframes different with those in on-state. Besides, the transmission points that share the same cell ID will transmit PSS/SSS in SF#0 or SF#5, based on which one is contained in each DRS occasion.
CRS transmission in the DRS occasion:
As was agreed in email discussion [1], for subframes within a DRS occasion indicated for possible DRS-based measurements, a UE can assume that at least CRS 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. It is FFS whether to indicate the number of CRS ports. Our view is that indicating the number of CRS ports can enable more possible resource elements to be used for RRM measurement. Therefore the measurement efficiency is improved. This scheme is especially beneficial for the scenario where UE is connected with one serving cell but needs to perform cell identification for the neighboring cells. One example is that if UE is provided with neighbor cell list, it maybe also provided with the number of CRS ports for each cell ID in the list.  
Proposal3: UE can be provided with number of CRS ports for RSRP measurement to increase measurement efficiency.
CSI-RS transmission in the DRS occasion:
As was agreed in the email discussion [1], for each CSI-RS RE configuration in a DRS occasion, a UE can assume that the corresponding CSI-RS is transmitted in one subframe. It is FFS on whether to allow the CSI-RS to be transmitted in more than one subframe. Our understanding is that this point is a bit related with another FFS point, which is whether the number of subframes in a DRS occasion is to be fixed or configurable. If it is fixed, e.g., to be 5ms, and if it is not allowed to have multiple subframes to transmit the CSI-RS of the corresponding CSI-RS RE configuration, then in the scenario where the number of transmission points/small cells under the Macro coverage is not large, it may happen that there are some subframes in a DRS occasion not containing any CSI-RS. However from UE point of view, it may still need to detect all the subframes in the DRS occasion, unless there is some further configuration to indicate the set subframes that needs to be measured. One can of course consider to have restricted CSI-RS RE configuration in each subframe and spread the different RE configuration in different subframes, but this causes more number of subframes of the serving TP/small cell possibly interfered by the neighboring TPs/small cells. Therefore, it is more beneficial to allow the network having the flexibility to configure the number of subframes in each DRS occasion in terms of multiplexing capacity and the RRM measurement performance. 
Proposl4: The number of subframes within each DRS occasion is configurable. 
Proposl5: For each CSI-RS RE configuration in a DRS occasion, the corresponding CSI-RS is allowed to be transmitted in multiple subframes.
3
Conclusion

In this contribution, we have the following proposals for the DRS design, 

Proposal1: The DRS occasion configuration is same for all small cells/TPs under the same Macro cell coverage within a frequency layer.
Proposal2: Based on MeNB configuration, PSS/SSS from small cells in off-state could be mapped to subframes different with those in on-state. Besides, the transmission points that share the same cell ID will transmit PSS/SSS in SF#0 or SF#5, based on which one is contained in each DRS occasion.
Proposal3: UE can be provided with number of CRS ports for RSRP measurement to increase measurement efficiency.Proposl4: The number of subframes within each DRS occasion is configurable. 

Proposl5: For each CSI-RS RE configuration in a DRS occasion, the corresponding CSI-RS is allowed to be transmitted in multiple subframes.
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