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1 Introduction
In the RAN#86bis some agreements on overhead reduction in the frequency domain for Class B FD-MIMO were agreed [1].
	Agreements:

· For Class B NZP CSI-RS: 
· Support CSI-RS density of d ∈ {1,1/2} RE/RB/port
· Additional values of d=1/3 and/or 1/8 are not precluded for Class B if significant benefit can be shown at RAN1#87.
· Transmission and/or measurement comb offsets are 0..1/d-1
· For d=1/2 (i.e. for Class A & Class B), comb offsets ∈ {0, 1} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 2 = comb offset
· For d=1/3 (i.e. at least for Class A), comb offsets ∈ {0, 1, 2} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 3 = comb offset
· Working Assumption: For Class A NZP CSI-RS with more than 16 CSI-RS port, in a given CSI-RS resource all CSI-RS configurations have the same values of d 

· Will be confirmed automatically at RAN1#87 unless there is consensus to support different values of d per CSI-RS configuration

· For Class A NZP CSI-RS with more than 16 CSI-RS ports each CSI-RS configuration can have different values of comb offset

· FFS the detailed signalling design


In this paper, we discuss the remaining details of overhead reduction for Class B FD-MIMO.
2 Discussion on overhead reduction
Supported CSI-RS density for Class B FD-MIMO 

To quantify the potential impact due to reduced CSI-RS density a channel measurements correlation statistics has been collected on the system-level using different frequency decimation values. For each antenna port of CSI-RS the correlation coefficient was calculated between two frequency-adjacent channel measurements obtained on CSI-RS antenna port. For reference the frequency correlation of the channel measurements on non-preceded CSI-RS (Class A) is also provided. The results are provided in Figure 1.
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Fig. 1: Illustration of channel correlation between two frequency adjacent measurements
It can be seen that decimation for Class B CSI-RS only slightly de-correlates the frequency-adjacent channel measurements comparing to decimation of Class A CSI-RS. Moreover, for Class B CSI-RS the frequency domain decimation by 8 provides the same channel correlation properties as for the measurements in Class A CSI-RS with decimation of 2. This implies that the eNB can safely apply frequency domain overhead reduction to Class B CSI-RS without expecting any channel estimation loss comparing to Class A FD-MIMO measurements. 

Observation:

· The 8 times frequency domain overhead reduction for Class B CSI-RS provides comparable channel properties to 2 times frequency domain overhead reduction for Class A CSI-RS.
Based on the observation the following proposal is made:
Proposal:
· Overhead reduction by 8 times is supported for Class B FD-MIMO
Overhead reduction via beam sharing
One of the approaches to support overhead reduction for Class B FD-MIMO is support of beam sharing, where the beam transmitted be eNB to one UE using one CSI-RS resource with X antenna ports can be also measured by the other UE by using the other CSI-RS resource wit Y antenna ports, where X > Y. Considering the Class B codebook structure and antenna port assignment in the CSI-RS pattern, the transmission of beam on CSI-RS resource for 4 or 8 antenna ports would not associated with CDM-2 groups. In this case the possible antenna ports sharing by other UE with 2 or 4 antenna port CSI-Rs resource would not be possible. 
To facilitate the antenna port sharing CSI-RS antenna ports corresponding to the same beam but different polarization should be transmitted in CDM-2 groups,. Such transmission principle can be achieved by using antenna port renumbering after the CSI-RS measurements and before CSI calculation 
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The renumbering will ensure that the antenna ports corresponding to the non-zero elements of Class B FD-MIMO codebook is always transmitted on the same CDM-2 group. The Example of CSI-RS antenna port renumbering for 8 CSI-RS antenna port case is provided below
· CSI-RS antenna port {15,17,19,21} measurements -> {15,16,17,18} for CSI feedback
· CSI-RS antenna port {16,18,20,22} measurements -> {19,20,21,22} for CSI feedback
It can be seed that antenna port {15,16} corresponding to the same beam is transmitted on the same CDM-2 group in CSI-RS resource.
Proposal:

· Overhead reduction for Class B CSI-RS should be supported by using beam sharing that can be achieved by applying antenna port renumbering
Signaling of CSI-RS
According to RAN1#86 meeting agreement the overhead reduction should be supported for both periodic and aperiodic CSI-RS. Considering the aperiodic CSI-RS, the signaling overhead becomes critical due to DCI overhead. To reduce the signaling overhead joint coding of CSI-RS density and CSI-RS offsets can be considered as illustrated in Table 1. It can be seen that only 3 bits are required to indicate the offset and density comparing to offset and density indication using separate coding.
Table 1: Joint coding of CSI-RS density of CSI-SR offset

	CSI-RS density configuration index
	CSI RS density (PRBs)
	CSI-RS offset (PRBs)

	0
	1
	0

	1
	2
	0

	2
	2
	1

	3
	4
	0

	4
	4
	1

	5
	4
	2

	6
	4
	3


Proposal:

· For signalling of reduced density CSI-RS parameters consider joint coding of the CSI-RS density and CSI-RS offset
3 Summary

In this paper, we discuss the remaining details of overhead reduction for Class B FD-MIMO. It was observed that 

· The 8 times frequency domain overhead reduction for Class B CSI-RS provides comparable channel properties to 2 times frequency domain overhead reduction for Class A CSI-RS.
In addition, the following proposal were made:
· Overhead reduction by 8 times is supported for Class B FD-MIMO

· Overhead reduction for Class B CSI-RS should be supported by using beam sharing that can be provided by applying antenna port renumbering
· For signalling of reduced density CSI-RS parameters consider joint coding of the CSI-RS density and CSI-RS offset
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