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1. Introduction
In RAN#65, the SI on elevation beamforming (EB) and full-dimension (FD) MIMO [1] was approved, where the objectives for Phase 2 includes potential RRM measurement enhancements. In RAN1#80, the following conclusion on RRM measurement enhancements is reached:

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 discuss our views on RRM enhancements for supporting EB and FD-MIMO operations.
2. Discussions
In RAN1#79 meeting, a WF on CRS virtualization for Phase 2 [2] is presented, and the conclusion on this is captured as follows:

	Conclusions:

· Companies can select their Phase 2 CRS virtualization method (needed for UE attachment) out of at least one of the following three options:

· Opt.1:  CRS port 0 associated to a single TXRU with weights [1,0,0,...,0] or [0,1,0,…,0] Note that CRS port 0 to TXRU mapping is ideal in this option.

· Opt.2:  CRS port 0 associated to all the TXRUs comprising a column with same pol with weights all one with power normalization

· Opt.3:  If other methods are considered, proponents should explicitly describe the methods used for evaluation.


This conclusion is to provide a few commonly applicable options regarding CRS virtualization to companies so that too diverging assumptions taken by companies could be avoided, although other methods than Opt.1 and Opt.2 are still exploitable. The presented WF is motivated by some of submitted contributions in RAN1#79, which commonly analyzed performance impacts from CRS virtualization methods applied together with FD-MIMO transmission schemes.
Specifically, it is observed from simulation analyses that conventional cell association method causes significant performance degradation to cell-edge user when FD-MIMO is used [3], the vertical beam width of CRS/PDCCH has a significant impact on the system throughput where the coverage holes of CRS/PDCCH with a narrow vertical beam accounts for the degradation [4], and it may cause improper cell association especially to cell edge UEs in terms of system performance if Phase 1 CRS virtualization is used for FD-MIMO [5]. Since FD-MIMO transmission schemes operate with much higher beam gains than conventional transmission schemes, UE should be attached to a cell that can provide the best vertical beam applied to PDSCH for the UE.
Observation 1: For FD-MIMO operations, UE should be attached to a cell that can provide the best vertical beam applied to PDSCH for the UE.
One possible way to achieve this for a UE already attached to a cell is relying on CSI-RS (as discovery RS; DRS) based RRM procedures introduced by Rel-12 small-cell enhancement WI. More specifically, a UE (to be supported by FD-MIMO) is primarily attached to a cell following existing CRS-based cell selection procedures including RACH procedures, although the cell might not be the best cell in terms of FD-MIMO as mentioned above. Once the UE is set up in RRC-connected mode, the UE needs to be configured with all the necessary higher-layer signaling for such discovery procedures including DRS measurement timing configuration (DMTC), DRS-CSI-RS configurations, and so on [6]. Following these configurations, the UE periodically measures DRS-CSI-RSs according to the configured periodicity in DMTC, which can be configured with 40, 80, or 160[ms].
Based on RRM measurements especially on DRS-CSI-RSs, e.g., each applied with different vertical beam for the FD-MIMO use case, the UE would conduct CSI-RS based RRM reporting according to the specified behaviors. Collecting these RRM report results at eNB, the UE may be informed by the eNB to do a handover to another cell when the eNB figures out that the current serving-cell for the UE is not providing the best vertical beam applied to PDSCH transmitted by an FD-MIMO mode for the UE. In other words, the best RRM result could be derived and reported based on a certain DRS-CSI-RS transmitted from other cell than the serving-cell.

Observation 2: Precoded CSI-RSs as DRS can be utilized for RRM purposes including best vertical beam selection as well as potential handover decision for UE supporting FD-MIMO.
For more efficiently supporting FD-MIMO, however, it can be considered to design purely RRM-purpose RSs. Since the current DRS-CSI-RS is only transmitted on port 15 specified in [7], separated DRS-CSI-RS configurations each corresponding to a different vertical beam per cell needs to be all configured to the UE. 
Considering the RRM purpose for supporting FD-MIMO, however, multiple CSI-RS ports each applied with a different vertical beam direction in the same cell can be configured within one CSI-RS configuration so that CDM between ports in the CSI-RS configuration, e.g., ports 15 and 16, can still be applied to have better resource utilization efficiency. In our companion contribution [8], related procedures are also illustrated in terms of hybrid beamformed CSI-RS based schemes, where multiple differently (vertical-)beamformed CSI-RS ports are configured as a CSI-RS configuration used for finding vertical beam direction for UE. In this case, UE’s long-term feedback on the CSI-RS configuration would be reports on per-port received power level or best N antenna ports selection result.

In addition, other configurations and behaviors needed for the discovery procedure, including DRS occasion related configurations and so forth, can be omitted for such RRM purpose.

Proposal 1: Separated RS for RRM purpose in supporting FD-MIMO is desired to be investigated.
Considering the previously mentioned latency in properly associating the cell which can provide the best vertical beam applied to PDSCH for a UE, it seems desirable to study how to reduce such latency and how to associate the UE to the best cell even from the initial access stage. More specifically, following the conventional cell association behavior, a worst-case latency would be for the UE to receive such discovery procedure related RRC signaling including DMTC, and perform long-term DRS-CSI-RS measurements and reports according to the configured RRC signaling, and do handover to another cell in case when the UE turned out to be attached to a not-the-best cell in terms of FD-MIMO. One possible way is to consider cell selection/reselection procedure enhancements for UE supporting FD-MIMO to be able to initially search the best cell by itself when the UE is in idle mode. In addition, potential enhancements on radio link monitoring behaviors are also needed to be studied in terms of achieving the best cell association for UE to be served by FD-MIMO transmissions.
Proposal 2: It needs to be studied how to reduce potential latency in properly associating the best cell for UE supporting FD-MIMO.
3. Conclusion
In this contribution, we discussed our views on RRM enhancements for supporting EB and FD-MIMO operations. The observations and proposals based on the discussion are given as follow:
Observation 1: For FD-MIMO operations, UE should be attached to a cell that can provide the best vertical beam applied to PDSCH for the UE.
Observation 2: Precoded CSI-RSs as DRS can be utilized for RRM purposes including best vertical beam selection as well as potential handover decision for UE supporting FD-MIMO.
Proposal 1: Separated RS for RRM purpose in supporting FD-MIMO is desired to be investigated.
Proposal 2: It needs to be studied how to reduce potential latency in properly associating the best cell for UE supporting FD-MIMO.
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