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1  Introduction
In RAN1#80bis, the following working assumption agreed for RRM measurement enhancements for Elevation BF/FD-MIMO [1]. In this contribution, we provide our views on potential enhancements to RRM measurements for supporting EBF/FD-MIMO operation. 
· Rel-12 DRS-based RRM measurement can be reused for EBF/FD-MIMO
· FFS: Configurable periodicity, the number of reported CSI-RS based RSRPs

2  Discussion
For FD-MIMO with a two-dimension active antenna array there are two CSI-RS transmission strategies, e.g., non-precoded CSI-RS where different CSI-RS ports have the same wide beam width and direction, and beamformed CSI-RS where each CSI-RS port may have narrow beam width thus not cell wide coverage. For CRS transmission in FD-MIMO system, a wide beam is used to provide wide coverage. Therefore for the non-precoded CSI-RS, there is no coverage mismatch between CRS and CSI-RS. The existing cell association method can be applied, i.e., using CRS based RSRP/RSRQ measurement. 
Observation 1: For the non-precoded CSI-RS transmission, cell association using RSRP/RSRQ measured from CRS can be applied. No needs for RRM measurement enhancements.
For beamformed CSI-RS scheme, due to different beamforming strategy for CRS and CSI-RS transmission, the CRS based cell association may cause mismatched results as observed in [2] and [3]. However, this observation was based on the assumption that the CRS is transmitted with a fixed vertical direction, e.g. vertically narrow beam. However, it shall be possible to have a cell wide coverage for CRS by using all the TXRUs in a column for CRS virtualization. Figure 1 shows one example of CRS virtualization for 32 TXRU. Here CSI-RS is mapped to a number of TXRU by using the DFT vectors. For CRS virtualization, two weights are used, e.g., with and without phase adjustment between four TXRUs in one column. 
We can observe that the consolidated pattern of all the CSI-RSs has the same shape as the CRS pattern except for larger beamforming gain. In other words, the RSRP difference measured from the CRS and beamformed CSI-RS is biased by a potential EBF/FD-MIMO gain. In this example, the bias is about 5dB. In general, the gain difference is fixed and eNB can inform a UE of potential beamforming gain difference based on TXRU configuration, CSI-RS and CRS virtualization etc. By incorporating the bias into the RSRP measurement, the CRS beam coverage is improved and there is no mismatch of the coverage between CRS and CSI-RS. It shall be noted that the use of the bias value for RSRP measurement is supported in the specification, i.e., the CRE bias used in co-channel HetNet scenario. Therefore, it can be directly reused for EBF/FD-MIMO without further enhancement. 
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Figure 1: Comparison of CRS and CSI-RS port pattern in elevation dimension

Observation 2: For the beamformed CSI-RS transmission, the CRS based cell association can be improved by incorporating the beamforming gain difference into the RSRP measurement from CRS.
If CSI-RS based RRM measurement is used for EBF/FD-MIMO, there are several issues to be considered. Firstly, the CSI-RS based RRM measurement is only available in the RRC connected mode. Following this method, a UE shall firstly select a serving cell using the conventional CRS based cell association and after receiving the CSI-RS configurations from higher layers UE will measure CSI-RSRP to determine a better cell in terms of EBF/FD-MIMO. This will greatly increase the latency for cell association and may cause more frequent handover if the serving cell adapts the CSI-RS beamforming weights. All of these will further increase the unnecessary network signaling overhead.
Secondly, the serving cell with the best CSI-RSRP does not mean the best cell for the broadcast transmission. The common channels, such as PBCH, SIB, Paging and PDCCH utilize the CRS for demodulation. The cell association using the CSI-RS based RRM measurement may not guarantee the performance of the CRS based channel, which may degrade the overall performance benefits of EBF/FD-MIMO.
On the other hand, the DRS framework introduced in Rel-12 for small cell On/Off can enable the CSI-RSRP measurements. Therefore, for EBF/FD-MIMO the DRS based RRM measurement can be used as a supplement to improve the CRS based RRM measurement accuracy if needed. Currently, the DRS can be configured with a periodicity of 40ms, 80ms or 160ms. In the context of RRM measurement, RSRP or RSRQ is used, which are typically averaged over a long time. Therefore a short DRS periodicity for RRM measurement is not useful. The current minimum periodicity of 40ms shall be sufficient to capture the channel variation and provide a timely report to support EBF/FD-MIMO. 
In addition, for DRS based RRM measurement UE can be configured with up to 96 different CSI-RS resources and can report CSI-RSRP for up to three CSI-RS resources per frequency. For EBF/FD-MIMO, each CSI-RS resource is associated with a specific vertical direction. Due to the small ESD, only a small subset of beamformed CSI-RS resources needs to be selected for RRM measurement and reporting. Therefore, in our view, removing the restriction on the number of reported CSI-RSRP cannot bring any benefit for RRM measurement for EBF/FD-MIMO. 
Observation 3: The DRS framework introduced in Rel-12 for small cell On/Off can be reused for EBF/FD-MIMO. The current DRS configuration and DRS based measurement are sufficient for supporting EBF/FD-MIMO.
In summary, a Rel-13 UE supporting EBF/FD-MIMO can be configured with a list of beamformed CSI-RS resources as DRS and the CSI-RSRP can be requested by the network to improve the CRS based RRM measurement performance if needed. Further optimization of DRS based RRM measurement for EBF/FD-MIMO is not needed.
Proposal 1: For EBF/FD-MIMO, there is no need for RRM measurement enhancement. 
3 Conclusions
In summary, we present our views on RRM measurement enhancements for EBF/FD-MIMO. We have the following observations and proposals
Observation 1: For the non-precoded CSI-RS transmission, cell association using RSRP/RSRQ measured from CRS can be applied. No needs for RRM measurement enhancements.
Observation 2: For the beamformed CSI-RS transmission, the CRS based cell association can be improved by incorporating the beamforming gain difference into the RSRP measurement from CRS.
Observation 3: The DRS framework introduced in Rel-12 for small cell On/Off can be reused for EBF/FD-MIMO. The current DRS configuration and DRS based measurement are sufficient for supporting EBF/FD-MIMO.

Proposal 1: For EBF/FD-MIMO, there is no need for RRM measurement enhancement. 
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