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1 Introduction
In RAN1#80 meeting, several implementations of RRM measurement have been addressed for FD-MIMO. For the enhancement of RRM measurement in FD-MIMO, CRS-based and CSI-RS-based schemes have been considered, while the reference signals are transmitted with vertical and vertical/horizontal beamforming configurations [2-5].
In this contribution, we consider the pros and cons of the reference signal implementations for the RRM measurement enhancement.
2 Discussion
2.1 Potential issues on RS design
For the improved RRM measurement in FD-MIMO, we think that the following aspects should be taken into account.
· Measurement accuracy
· Beam directivity 
· RRC idle mode
· Backward compatibility
Measurement accuracy 
To achieve appropriate cell-selections and/or re-selections, it should be necessary that the channel quality can be accurately predicted with RSRP/RSRQ measurements. However, in FD-MIMO, since the PDSCH data is received with a beamforming gain but CRS and/or CSI-RS are not received with beamforming, the nominal values of RSRP measurement can significantly deviate from the actual signal levels of PDSCH.  Thus, it should be desirable that the eNodeB transmits the reference signals with beamforming, to minimize the nominal difference in the measurement,
Beam directivity
Assuming that the eNodeB transmits the RS with beamforming, it should be important that the beam directivity is carefully implemented because inappropriate transmission of RS can cause large interferences to other cells. For example, when the eNodeB transmits the RS to the upper-floor of the high-rise building, the antenna directivity should be effectively targeted to the desired location. Therefore, it should be helpful for the eNodeB to use the vertical/horizontal beamforming so that it can have more controllability in the beam directivity than in the vertical-only beamforming. When the RS is transmitted with vertical-only beamforming, the lack of the horizontal beam manipulation will result in a larger possibility of the interference. 
Thus, it should be desirable that both the vertical and horizontal beamforming is implemented when the beamforming is applied to the RS in FD-MIMO.
RRC idle mode
In the RRC idle mode, since the UE power consumption is of great concern, the additional signal processing concerning the FD-MIMO implementation should be minimized. 
In the CSI-RS based RRM measurement, the eNodeB transmits the CSI-RS with beamforming. It also transmits some relevant configuration parameters through the SI. This is, however, not desirable because such additional reception of data can results in more power consumption in the UE. 
In the CRS-based RRM measurement, this should not be an issue because there is no need for UE to have additional treatment to perform the measurement.
Combination of above two schemes, e.g., the eNodeB sequentially transmits the reference signals with vertical and horizontal directivities and the UE separately receives each RS, may be possible, but the issues on the additional complexity still remain. 
Backward compatibility
For the legacy UEs, whether or not the beamforming is implemented for the RS can result in the difference in the coverage area. 
When the CRS is transmitted with an appropriate beamforming, both the legacy and non-legacy UEs can have the same measurement results. This should seemingly allow the same enhancement for both types of the UEs in terms of their coverage. However, when the CSI-RS is transmitted with beamforming, but the CRS is not, the coverage area of the legacy UE will be unchanged and it should be smaller than that for the non-legacy UEs.
Proposal 1: Above considerations should be taken into account for the appropriate RS design.
2.2 Pros and Cons
In Table 1, the pros and cons of the RS implementations are shown considering the aspects discussed above.
Table 1 Pros and cons of reference signal design
	
	RS with BF
	Beam
Configuration
	Beam directivity
	Idle-mode  power
	RSRP/RSRQ measurement
	Backward compatibility

	1
	CRS
	Vertical only
	Poor
	Good
	Poor
	Good

	2
	CRS
	FD
	Good
	Good
	Good
	Good

	3
	CSI-RS
	Vertical only
	Poor
	Poor
	Poor
	Poor

	4
	CSI-RS
	FD
	Good
	Poor
	Good
	Poor


Among the four alternatives, CRS with FD (vertical and horizontal) configuration is considered to have the best performance for the convenience of the RRM measurement.
Proposal 2:  CRS should be transmitted with vertical/horizontal beamforming.
3. 
Conclusions
In this contribution, the following proposals are made:
Proposal 1: Above considerations should be taken into account for the appropriate RS design 
Proposal 2: CRS should be transmitted with vertical/horizontal beamforming.
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