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1 Introduction
In RAN meeting #71, the work item on Enhancements on Full-dimension (FD) MIMO was agreed for Release 14. One of the key objective in WID [1] is resource utilization for UE-specific BF CSI-RS. In RAN1#86 meeting, supporting CSI-RS frequency-domain density reduction has been agreed [2]: 
	 Agreements: 
…
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 contribution, we provide our view for reducing the overhead for beamformed CSI-RS. 
2 Discussion
For class B K=1 in transmission of periodic CSI-RS recourse configuration, there is a set of UEs that could receive the beamformed CSI-RS since CSI-RS is wideband signal and the beam is only formed to a specific direction. However, with increased number of UEs, more CSI-RS resources need be configured so that the overhead of CSI-RS resources would increase. Since the CSI-RS signal is beamformed, the channel may be less frequency selective in frequency domain and the impact to CSI accuracy may be negligible. Thus, for serving more UEs and reducing the CSI-RS recourse overhead, the CSI-RS recourse configurations could be assigned to different parts of the frequency bandwidth as shown in Fig. 1. UE-specific beamformed CSI-RS for each UE could be interleaving on frequency domain with repetition factor N. All antenna ports of a single CSI-RS resource configuration is transmitted in one RB without additional new design of CSI-RS resource configuration. 
For legacy UEs, these UEs can be scheduled on the RBs where the CSI-RS is not transmitted for preventing rate matching issue. For example, if the repetition factor N=2, the reduced CSI-RS can be transmitted in the odd RBs for the new UE while the even RBs can be scheduled for legacy UEs. However, this may restrict the flexibility of legacy UEs’ scheduling especially in small number of repetition factor. 
Proposal 1: CSI-RS frequency-domain density reduction could be interleaving on frequency domain and all antenna ports of a single CSI-RS resource configuration is transmitted in one RB.

A repetition factor and a RB offset can be semi-statically configured via RRC to a UE for measuring the corresponding beamformed CSI-RS. For example, if the repetition factor N equals 1, 2, 4, and 8, it totally needs 5 bits (2bits for repetition factor and 3 bits for RB offset). However, this signalling bits may be large with increasing repetition factor. For saving signalling overhead, an alternative way is to utilize an indicator which defines both the repetition factor and the CSI-RS RB offset. The CSI-RS RB repetition factor 
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 for the occurrence of CSI reference signals are listed in Table 1. In this case, 
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=0 is existing CSI-RS design and the total bits equal to 4bits.
Proposal 2: A repetition factor and a RB offset can be semi-statically configured via RRC and utilize an indicator which defines both the repetition factor and the CSI-RS RB offset.
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Fig. 1. CSI-RS frequency-domain density reduction (3 UEs in this example)

Table 1: CSI reference signal RB configuration

	CSI-RS-RBConfig 
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	Repetition factor 
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3 Conclusions
In this contribution, we have discussed reducing the overhead. In particular, we propose the following:
Proposal 1: CSI-RS frequency-domain density reduction could be interleaving on frequency domain and all antenna ports of a single CSI-RS resource configuration is transmitted in one RB.
Proposal 2: A repetition factor and a RB offset can be semi-statically configured via RRC and utilize an indicator which defines both the repetition factor and the CSI-RS RB offset.
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