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1. Introduction
In RAN #65, the SI “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved [1] for evaluating potential enhancements utilizing 2D active antenna arrays with different numbers of TXRUs. In RAN1 #80, the following conclusion was made regarding enhancement to RRM measurement [2]:
	Conclusion:
· Continue discussion on RRM measurement enh. until RAN1 #80bis meeting whether to enhance the RRM measurement both for connected and idle modes, e.g., CSI-RS based
· Further study should consider any impact on CRS based channels, e.g., PDCCH, PBCH, paging, and SIB
· Any enhanced proposal should not impact to a legacy UE RRM measurement behaviour



  In this contribution, we will provide the necessities of enhancement to RRM measurement in consideration of the conclusion stated above, and additional usage of RRM measurement other than cell association will be discussed such as supplementary long-term CSI feedback.
2. Discussion
We have discussed how roughly large beam-width of CRS is more relevant to serve UEs deployed in 3D space [3]. The observation therein was that use of the wide CRS beam seems desirable. In order not to affect legacy UE support, there may be the case that the narrow CRS beam would be preferable. Without additional deployment of eNodeB, however, if 3D coverage needs to be provided with supporting legacy UE that is assumed to be given in 2D coverage on the ground, the wide CRS beam using more TXRUs seems favourable. Particularly, that is the case in 3D-UMi scenario where a UE can be deployed higher than the height of eNodeB antenna.
  The cell association with the conventional CRS-based RRM measurement may not properly capture FD-MIMO gain attainable in PDSCH/EPDCCH/DMRS due to use of different virtualization (or beam-width) between CRS and CSI-RS/PDSCH/EPDCCH/DMRS. Even if the decoding performance of control channels/messages (e.g., PDCCH, PBCH, SIB, paging message) demodulated using CRS can be somewhat guaranteed from CRS-based RRM measurement, system throughput assessed in terms of PDSCH reception would not be the best under cell association with the CRS-based RRM measurement. Also, there may be the case that adjacent/overlapped cells have different active antenna array (AAA) configurations (e.g., antenna array size, # of TXRUs, antenna height, etc.), where FD-MIMO gain can be hardly captured via the CRS-based RMM measurement. There were several contributions showing that the CRS-based RRM measurement does not guarantee optimal system performance [4-7]. In particular, it was observed that the performance degradation of cell edge UE, which suffers severe interference from adjacent cells that can be geographically more closed to the UE than the serving cell, is quite problematic.
Observation: For EBF/FD-MIMO, cell association using CRS-based RRM measurement may not guarantee the best performance in PDSCH/EPDCCH reception due to different beam-width and/or beamforming gain between CRS and CSI-RS/PDSCH/EPDCCH/DMRS.
  From the observation, in order to fully exploit EBF/FD-MIMO gain expected in PDSCH/EPDCCH reception, such gain needs to be captured by an additional RRM measurement. The additional RRM measurement capturing EBF/FD-MIMO gain needs to be designed on top of CRS-based RRM measurement since it indicates certain level of decoding performance of the control channels/messages demodulated using CRS. It seems straightforward to use CSI-RS or CSI-RS based DRS, which can be configured using the current configuration framework provided for CSI measurement or small cell discovery, respectively, to conduct the additional RRM measurement for EBF/FD-MIMO since CSI-RS or CSI-RS based DRS configured for the additional RRM measurement can be virtualized identically or similarly as PDSCH/EPDCCH is done. However, the RRM measurement requirement may not be satisfied with the existing configuration (e.g., periodicity, the maximum number of CSI-RS ports, and the maximum number of virtual cells) of CSI-RS or CSI-RS based DRS. Therefore, the current configuration on CSI-RS or CSI-RS based DRS to be used for the additional RRM measurement should be checked whether or not to meet its requirement.
  Other aspect to be considered for the additional RRM measurement for EBF/FD-MIMO is how to capture its gain depending on EBF/FD-MIMO schemes.
In case of use of beamformed CSI-RS based schemes, it can be configured that each beam would be corresponding to a CSI-RS or CSI-RS based DRS for the additional RRM measurement with multiple CSI-RS ports using the same physical/virtual cell ID, or with multiple virtual cell IDs using a single or a few CSI-RS ports per virtual cell ID. If the additional RRM measurement allows a UE to report measurement results for every or best-M beam(s), then it can be used as long-term CSI (of course, it may not be explicitly seen as CSI.). For instance, eNodeB can configure CSI-RS for CSI measurement over beam(s) selected or newly virtualized based on the additional RRM measurement. In case of use of non-precoded CSI-RS based schemes (such as KP-based beamforming/precoding), CSI-RS or CSI-RS based DRS for the additional RRM measurement can be configured with a single CSI-RS port with the same virtualization applied to CSI-RS for CSI measurement. Meanwhile, a single CSI-RS port may not be enough to capture EBF/FD-MIMO gain if angular spread is not negligibly small. In that case, a several number of CSI-RS ports need to be configured to find dominant Eigen direction(s), which can be helpful to better account EBF/FD-MIMO gain. To configure such multiple CSI-RS ports for the additional RRM measurement, it seems to utilize the configuration of CSI-RS for CSI measurement rather than CSI-RS based DRS. If multiple CSI-RS ports are configured for the additional RRM measurement, RSRP/RSRQ can be measured on the beam derived from them. In case of use of codebook-based CSI feedback for CSI feedback, the beam can be generated by PMI selection. For instance, multiple CSI-RS ports in vertical direction are configured for the additional RRM measurement, and a UE can find the best PMI and calculate RSRP/RSRQ on the effective channel applied with that PMI. The additional RRM measurement can include beam direction information or PMI along with RSRP/RSRQ measured using it, and it can be used as CSI if it varies slowly (such as vertical domain PMI).
Proposal: For EBF/FD-MIMO, CSI-RS based RRM measurement needs to be considered for cell association on top of CRS based RRM measurement, and for supplementary long-term CSI feedback.
  When it comes to legacy impact in case of introducing the additional RRM measurement for EBF/FD-MIMO, there seems no critical issues to legacy UE since it would use CRS-based RRM measurement and Rel-13 UE can perform the additional RRM measurement for EBF/FD-MIMO itself on top of CRS-based RRM measurement. The PDSCH/EPDCCH reception performance of legacy UE can be rather enhanced if Rel-13 UE in other cell, being scheduled in the same resource as the legacy UE, is properly associated with its serving cell.
3. Conclusion
In this contribution, we have discussed potential enhancement to RRM measurement for EBF/FD-MIMO. From the discussion, we suggest the following proposal with observation:
Observation: For EBF/FD-MIMO, cell association using CRS-based RRM measurement may not guarantee the best performance in PDSCH/EPDCCH reception due to different beam-width and/or beamforming gain between CRS and CSI-RS/PDSCH/EPDCCH/DMRS.
Proposal: For EBF/FD-MIMO, CSI-RS based RRM measurement needs to be considered for cell association on top of CRS based RRM measurement, and for supplementary long-term CSI feedback.
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