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Discussion and Decision
1
Introduction
It was agreed in email discussion [1] after RAN1#77 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 the discovery signal based RRM measurement procedures. According to our proposed discovery signal design in our parallel contribution [2], we propose the required network assistance information to reduce the UE effort on cell identification. We also analyse the measurement gap configuration for the DRS-based inter-frequency measurement.
2
Discussion
As was already agreed in RAN1#77, UE can be configured with one DRS measurement timing configuration per frequency. The DRS measurement timing configuration is UE specific and should be common to all the small cells for a frequency layer. It is further proposed in our parallel contribution [2] that the DRS occasion periodicity should be same for all the small cells per frequency. 
Since it was also agreed that no new measurement gap pattern is introduced for DRS based small cell discovery, the periodicity of DRS occasion should be multiple times of 40ms to match the Rel.8 measurement gap repetition period. In addition, it was agreed in RAN1#77 that a DRS occasion for a cell is transmitted every M ms. The candidate values for M are 40, 80, 160, FFS on other values. Our view is that it is beneficial to introduce large DRS occasion periodicity (e.g., 320ms, 640ms and even more), in order to reduce the UE power consumption when performing small cell identification. This is especially important for the scenario where UE is not in the proximity of any small cells, and Macro eNB is not quite clear of the UE position when configure the UE to do small cell discovery. Besides, large DRS periodicity also means less corresponding interference to other cells and lower DRS overhead.
Proposal1: Large DRS occasion periodicity (e.g., 320ms, 640ms and even larger) should be introduced to save UE power consumption on performing small cell identification. 
Similar with legacy measurement procedure, the UE in the first step should detect PSS/SSS, in order to obtain coarse time frequency synchronization. UE will not perform any CRS or CSI-RS detection and measurement if there is no PSS/SSS detected. Furthermore, if CSI-RS is configured as DRS, whether UEs use CRS for RSRP measurement (besides CSI-RS) is based on implementation. However it is obvious that UE cannot use CRS to assist CSI-RS based RSRP measurement when measuring transmission point, since multiple transmission points sharing same cell ID transmit same CRS signal.
Proposal2: If in addition, CSI-RS is configured as DRS, whether UE use CRS for RSRP measurement is based on UE implementation. 
Network assistance information

The network assistance is beneficial for UEs to improve the cell discovery and measurement performance and to reduce the UE detection complexity and power consumption. The network at least indicates the UE the DRS measurement timing configuration, i.e., the period, offset and the duration. In the scenario where UE is under connection with one serving small cell/TP but needs to perform identification for the neighboring cells/TPs, the UE can be provided with the information such as the list of candidate cell IDs, MBSFN configuration of neighbor cells, and so on. If CSI-RS is configured as DRS, the network assistance information can also include set of CSI-RS RE configurations for detection, the set of candidate scrambling IDs, and subframe offset of each CSI-RS RE configuration relative with the subframe containing PSS/SSS. As an alternative, there could be an implicit mapping between the CSI-RS information and the detected small cell IDs. Using this way, the UEs upon detected the cell ID will implicit know the information of CSI-RS, such as the restricted set REs, scrambling IDs. However such implicit mapping is of course not feasible for the identification of transmission points, since multiple transmission points share same cell ID. 
In addition, as proposed in our parallel contribution [2], if it is allowed to use more than 1 SFs to transmit PSS/SSS within a DRS occasion, it is also beneficial that the network could signal the SFs that contain the PSS/SSS, in order to reduce the effort on PSS/SSS detection. Moreover, for cell IDs that are shared by multiple transmission points, the network can signal the UE the cell IDs that are shared by multiple transmission points, so that UE upon detected such cell IDs will use CSI-RS only for subsequent RRM measurement and TP identification.
Proposal3: The network assistance information contains the cell IDs, MBSFN configuration, and CSI-RS information of the candidate small cells/transmission points. It can also contain the cell IDs that are shared by multiple TPs, and the subframes in each DRS occasion that contain PSS/SSS.
Measurement gap configuration:
In the legacy inter-frequency measurement mechanism, the required measurement time increases linear with the number of carriers that needs to be measured. In Rel.12 small cell discovery, however, with possible larger periodicity of DRS occasion, and potentially increased number of carriers that needs to be measured, the latency of inter-frequency measurement would expect to be much larger. In order to reduce the measurement latency, the DMTC for each carrier frequency can be carefully designed so that in the measurement gaps between two adjacent DRS occasions for a specific carrier frequency, UE can detect DRS from small cells/TPs of other carrier frequencies. One example is shown in Fig.1, where DMTC in different carrier frequency has different offset, i.e., DMTC in f1, f2, f3 use offset 0ms, 40ms, 80ms, respectively. Then UE can perform cell identification for small cells in f2 and f3 in the measurement gaps between two adjacent DRS occasions in f1, the measurement latency is thus reduced.
Observation: Based on the configured measurement gap pattern and the DMTC for each carrier frequency, UE can reduce the latency on the cell identification for multiple carrier frequencies by detecting DRS from small cells/TPs of other carrier frequencies in the measurement gaps between two adjacent DRS occasions for a specific carrier frequency.
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Fig.1 DMTC in each carrier frequency
3
Conclusion

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

Proposal1: Large DRS occasion periodicity (e.g., 320ms, 640ms and even more) should be introduced to save UE power consumption on performing small cell identification.
Proposal2: If in addition, CSI-RS is configured as DRS, whether UE use CRS for RSRP measurement is based on UE implementation.
Proposal3: The network assistance information contains the cell IDs, MBSFN configuration, and CSI-RS information of the candidate small cells/transmission points. It can also include the cell IDs that are shared by multiple TPs, and the subframes that contain PSS/SSS.
Observation: Based on the configured measurement gap pattern and the DMTC for each carrier frequency, UE can reduce the latency on the cell identification for multiple carrier frequencies by detecting DRS from small cells/TPs of other carrier frequencies in the measurement gaps between two adjacent DRS occasions for a specific carrier frequency.
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