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1 Introduction
In the RAN#86 overhead reduction in the frequency domain was agreed for both Class B eFD-MIMO [1].
	Agreement: 

Overhead reduction for Class B – both for periodic and aperiodic CSI-RS

· Support CSI-RS frequency-domain density reduction for Class B

· All antenna ports of a single CSI-RS resource configuration can be transmitted every N PRBs

· N = 1 (existing CSI-RS design), 2, and >2

· FFS: Exact mechanism 


In this paper, we discuss the remaining details of overhead reduction for Class B FD-MIMO.
2 Discussion on overhead reduction
Reduced overhead configuration
In RAN1#86 two approaches of supporting reduced overhead CSI-RS were proposed [2]:
· Alt. 1: Reduced-density CSI-RS with common frequency shift for all CSI-RS ports

· Alt. 2: Reduced-density CSI-RS with different frequency shifts depending on CSI-RS port
The main benefits of Alt. 1 over Alt. 2 is that different PRB offsets on different antenna ports can minimize / avoid the need of introducing new PDSCH REs mapping patterns. On the other hand, with Alt. 1 CSI-RS antenna ports corresponding to the same beam but different polarization is mapped to on different PRBs that may degrade the performance of Class B FD-MIMO due to phase drifts (see Figure 1) [3]. 
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Figure 1: Illustration of the phase drift for 4 CSI-RS ports
Therefore, CSI-RS antenna ports corresponding to the same beam but different polarization should be transmitted on the same REs, e.g. pair of REs. 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. In this case the frequency shift can be for different antenna port groups can be used. 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 on the same CDM-2 group in CSI-RS resource

Proposal:

· Reduced overhead CSI-RS should be supported by using different frequency shifts for different CDM-2 groups
· The CSI-RS antenna port renumbering can be used to perfectly avoid phase drift issues

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
PDSCH REs and collision handling mapping
The last aspect of reduced density CSI-RS support is collision handling with ZP CSI-RS resources and PDSCH REs mapping determination. Two approaches can be considered:

· PDSCH RE mapping  / collision handling considering overhead reduced CSI-RS 

· PDSCH RE mapping  / collision handling considering non overhead reduced CSI-RS

Considering the main motivation of reduced density CSI-RS as overhead reduction we propose PDSCH REs mapping according to reduced density CSI-RS. However, the handling of collision with ZP CSI-RS should be based on the non reduced density CSI-RS. 

Proposal:

· PDSCH RE mapping is determined assuming reduced density CSI-RS

· Collision handling with ZP CSI-RS should be based assuming non reduced density CSI-RS
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.
Proposals:

· Reduced overhead CSI-RS should be supported by using different frequency shifts for different CDM-2 groups

· The CSI-RS antenna port renumbering can be used to perfectly avoid phase drift issues
· For signalling of reduced density CSI-RS parameters consider joint coding of the CSI-RS density and CSI-RS offset
· PDSCH RE mapping is determined assuming reduced density CSI-RS

· Collision handling with ZP CSI-RS should be based assuming non reduced density CSI-RS
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