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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. 

Moreover, considering UE-specific configuration of CSI-RS, UE-specific decimation of CSI-RS pattern is essential to be considered. In particular, UE experiencing more frequency selective channels can be configured with smaller decimation value of CSI-RS, while UE with less frequency selective channel may be configured with  higher decimation value of CSI-RS to further reduce the overhead. Common cell-specific configuration of CSI-RS decimation value is not applicable for such scenario. 

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.

· Common cell-specific configuration of CSI-RS decimation value is not valid assumption for UE-specific CSI-RS configuration
Proposal:
· Overhead reduction by 8 times is feasible for some UEs and should be supported for Class B FD-MIMO
Signaling of CSI-RS for hybrid CSI
Hybrid CSI can be used in conjunction with aperiodic CSI-RS transmission. In this case the number of antenna ports used for aperiodic CSI-RS transmission can be dynamically changed depending e.g. on the RI reporting of the 1st eMIMO type. In this case, it is essential to consider dynamic indication of the number of antenna ports for CSI-RS transmission along with CSI-RS offset using DCI. To reduce the signaling overhead joint coding of CSI-RS decimation (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:

· In case of hybrid CSI, for signalling of reduced density CSI-RS parameters consider joint coding of the CSI-RS density and CSI-RS offset for DCI based indication
3 Summary

In this contribution, we have provided our views on the frequency domain CSI-RS overhead reduction schemes for Class B FD-MIMO, which can be briefly summarized by the following observations and proposals.
· 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.

· Common cell-specific configuration of CSI-RS decimation value is not valid assumption for UE-specific CSI-RS configuration
· Overhead reduction by 8 times is feasible for some UE and should be supported for Class B FD-MIMO

· In case of hybrid CSI, for signalling of reduced density CSI-RS parameters consider joint coding of the CSI-RS density and CSI-RS offset for DCI based indication
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