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1 Introduction
In the RAN#71 meeting a Rel-14 work item on Enhancements on Full-Dimension MIMO for LTE was approved [1]. One of the objectives defined in the work item is to specify enhancements for the reference signals. As a potential enhancement, the overhead reduction from CSI-RS transmission can be considered. In this paper we discuss possible approaches to overhead reduction in Class B (K = 1) FD-MIMO systems with beamformed CSI-RS.
2 Discussion 
Density reduction of CSI-RS resource elements in the frequency domain
As part of LTE, CSI-RS was introduced in Release-10 to provide CSI feedback for up to 8 antenna ports across a wide bandwidth. In subframes containing CSI-RS, the resource elements occupied by CSI-RS antenna ports are present in every PRB. The design assumption of CSI-RS density in the frequency domain was reused for Rel-13 FD-MIMO operation. More specifically, for FD-MIMO with non-precoded CSI-RS antenna ports (Class A), the density of CSI-RS transmission should remain the same as in the Rel-10 system to support channel estimation in the frequency selective channels with medium to high delay spreads (e.g. EVA, ETU). However, for Class B FD-MIMO system such channel variations in the frequency domain may be reduced due to the beamforming applied to CSI-RS antenna ports. This is illustrated in Fig. 1 where two realizations of the channel transfer functions are shown for FD-MIMO with beamformed and non-precoded CSI-RS in 3GPP 3D-UMi/UMa channel models for the NLOS case.
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	Fig. 1: Illustration of channel flattening in FD-MIMO with beamformed CSI-RS


It can be seen that the frequency selectivity of the channel corresponding to Class B FD-MIMO has been substantially reduced, thus, making more feasible the transmission of beamformed CSI-RS with a lower frequency density.
Observation: 
· The use of beamforming flatten the channel transfer function in the frequency domain.
Based on the observation above, one possible way to reduce the overhead of beamformed CSI-RS is to decrease the density of CSI-RS in the frequency domain by decimation of CSI-RS resource elements. For example, CSI-RS for Class B FD-MIMO can be transmitted every x-th PRBs, where x can take values of 2, 4 or 8. In this case, the CSI-RS resource elements in other PRBs can be reused either for PDSCH transmission or for the transmission of another UE-specific CSI-RS, thus, increasing the UE-multiplexing capacity of CSI-RS in Class-B. Based on the discussion above the follow proposal can be made:
Proposal: 
· For FD-MIMO Class B (K=1), consider decreasing density of the CSI-RS by decimation of CSI-RS resource elements in the frequency domain to reduce overhead of beamformed CSI-RS.
· Study the effect of different decimation steps on the accuracy of CSI feedback.
Beam combining to reduce CSI-RS resource utilization
The overhead of beamformed CSI-RS increases when the number of different UE-specific beams grows. Typically, this situation takes place when additional beams are configured at the eNB to improve spatial granularity of the beamforming to achieve higher rates to the UEs. To demonstrate the benefits of the increased spatial granularity, the performance of Class B FD-MIMO with DFT-based beams was evaluated. In the system, the enhanced spatial granularity was achieved by oversampling of DFT-based beams. The evaluation results are shown in Table 1 for two simulation cases: with and without beam oversampling. The detailed simulation assumptions can be found in the Appendix. 
	Table 1: System-level simulation results for FD-MIMO Class B with DFT-based beams

	Schemes
	5%-tile UPT, Mbps
	50%-tile UPT, Mbps
	95%-tile UPT, Mbps
	Average UPT, Mbps
	Resource utilization

	DFT-based beams w/o oversampling
	4.27
	16.25
	54.83
	20.58
	52%

	DFT-based beams w/ 4x horizontal and vertical oversampling
	6.34 (48%)
	21.87 (35%)
	55.48 (1%)
	25.51 (24%)
	42%


From Table 1 it can be seen that the increased spatial granularity improves user packet throughput (UPT) values especially for the cell-edge UEs (corresponding to the 5%-tile UPT). However, the results in Table 1 don’t take into account the increased CSI-RS overhead due to additional oversampled beams. As the large number of supported beams requires additional CSI-RS resources for the beam transmission, apparently, some mechanism is needed to reduce such high CSI-RS resource utilization. One of these mechanisms can rely on the linear combining of the measurements obtained on the reduced number of CSI-RS resources configured only for a subset of beams (e.g., corresponding to non-oversampled DFT-beams) to get CSI for other beams (e.g., oversampled DFT-beams) without transmission of the additional CSI-RS resources for the latter beams. Such mechanism, which may be referred to as beam combining, may be facilitated by direct linear combination of the CSI-RS resource measurements by using predefined coefficients in codebook vectors. However, current Class B (K = 1) codebooks cannot provide such beam combining because the existing precoding vectors have only two non-zero elements (see Table 7.2.4-18 — 7.2.4-20 from [2]) responsible for simple same beam selection for each polarization and further polarization co-phasing for the selected beam. Therefore, we have the following proposals:
Proposal 
· For FD-MIMO Class B (K=1), consider codebook enhancements with additional precoding vectors containing more than two non-zero coefficients responsible for the combining measurements of different beams.
· Study the impact of beam combining mechanism based on new codebooks in conjunction with the different number of configured CSI-RS resources.
3 Summary

In this contribution, we have provided our views on possible approaches to CSI-RS overhead reduction for Class B, which can be briefly summarized by the following proposals:
· For FD-MIMO Class B (K=1), consider decreasing density of the CSI-RS by decimation of CSI-RS resource elements in the frequency domain to reduce overhead of beamformed CSI-RS.
· Study the effect of different decimation steps on the accuracy of CSI feedback.
· For FD-MIMO Class B (K=1), consider codebook enhancements with additional precoding vectors containing more than two non-zero coefficients responsible for the combining measurements of different beams.

Study the impact of beam combining mechanism based on new codebooks in conjunction with the different number of configured CSI-RS resources.
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Appendix: simulation assumptions
	Parameter
	Value

	Scenario
	3D-UMi, ISD = 200 m (homogeneous)

Geographical distance based wrapping

	eNB antenna configuration
	URA X-pol, slants -45/+45 degree, M=8, N=2, port layout N1=4, N2=2, 16 TXRUs
0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	ULA 2 Rx
slant 0/90 degrees, 0.5-wavelength horizontal spacing

	Traffic model
	FTP model 1, S=0.5 Mbyte packet size, ( = 2.8 per macro-cell area

	Cell association
	CRS antenna port 0, mapped to the two TXRUs with orthogonal polarization slants
Handover margin = 3dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel estimation 
	Ideal 

	Interference covariance estimation
	Ideal

	CSI feedback
	Mode 3-2 with 10 ms periodicity

	CRS configuration
	Colliding across all modelled cells

	Transmission mode
	TM10

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4
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