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1. Introduction

In 3GPP RAN #68 meeting, the work item on EBF and FD-MIMO was agreed for Release 13 [1]. The agreed work scope of the work item can be summarized as follow:

The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 

· Specify enhancements on reference signal in the following areas
· Non-precoded CSI-RS
· Beamformed CSI-RS
· SRS capacity improvement, DMRS

· Specify enhancements on CSI reporting
Beamformed CSI-RS (BF CSI-RS) refers to the case where eNB applies precoding such that the resulting signal is focused to a particular area of the cell. Depending on how BF CSI-RS is utilized within the system, different specification support would be needed. Therefore, before making the specific designs on reference signal and CSI reporting the clarification for BF CSI-RS operation scenarios should be handled and discussed in this contribution.
2. Comparative study of BF CSI-RS schemes
Depending on how to select and change the beam weights on BF CSI-RS ports, two different operation categories can be considered: cell-specific and UE-specific BF CSI-RS. 
Cell-specific BF CSI-RS based operation is essentially an enhancement on Cat2 baseline or vertical sectorization. Here each cell would have multiple CSI-RS resources with different beam directions (each CSI-RS resource would be associated with a distinct CSI process). If BF CSI-RS is operated in a cell specific manner, it seems reasonable that the beam directions are either fixed or semi-statically changed. Then, the UE reports a beam index (BI) to indicate the preferred beam direction. 
On the other hand, in UE-specific CSI-RS based operations, dynamic change in the beam direction can be implemented since the CSI-RS resource has been already dedicated to that UE. Depending on how frequently the beam direction needs to be changed, the specification support could be different. 
Regardless of BF CSI-RS operation scenarios, some information at eNB such as preferred beam direction(s) per UE should be necessary for the support of BF CSI-RS operation scenario. This can be acquired by utilizing either long-term non-precoded CSI-RS or SRS.

Table 1 summarizes main features, spec impacts, pros & cons of the cell-specific and UE-specific BF CSI-RS based operations. 
Table 1. Comparison between cell-specific and UE-specific BF CSI-RS

	
	Cell-specific BF CSI-RS
	UE-specific BF CSI-RS

	Main features
	· Beam directions are non-adaptive and semi-static
	· Beam directions are adaptive and time varying

	Spec Impacts
	· CSI-RS and/or CSI process (depending on the scheme) or reporting configuration  
· Codebook design
e.g. Beam index (single or multi beam)
· CSI measurement restriction [2]
	· CSI-RS and/or CSI process configuration 
· Codebook design 

e.g. Beam index, cophase PMI codebook
· CSI measurement restriction [2]

	Pros
	· Relatively small Spec. impact
· Fixed CSI-RS overhead regardless of number of UEs
	· Larger performance advantage 
· Vertical angle spread can be exploited for high rank transmissions

	Cons
	· Smaller performance advantage
· Vertical angle spread cannot be exploited for high rank transmissions
· Performance may be sensitive to the selected beam directions
	· Potentially large CSI-RS overhead if number of UEs are many


Observation-1: Two different BF CSI-RS scenarios such as cell-specific and UE-specific CSI-RS have their own benefits depending on the environment and system configurations. 
3. Discussion and Conclusion

This contribution has discussed different scenarios of BF CSI-RS. The following observation is made. 
Observation-1: Two different BF CSI-RS scenarios such as cell-specific and UE-specific CSI-RS have their own benefits depending on the environment and system configurations. 
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