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1 Introduction
At the RAN plenary #51 meeting, the following in [1] was approved as the objective of the new study item for downlink MIMO enhancement for LTE-Advanced:
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:
· Evaluate UE CSI feedback enhancements, including:
· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.
· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.
· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included.
· Evaluate enhancements for downlink control signalling:
· to support MU-MIMO;
· based on UE-specific reference signals.

This contribution focuses on the technique for CSI feedback accuracy enhancement to be used for MIMO precoding, especially in MU-MIMO. It seems that MU-MIMO has the possibility of performance improvement because the CSI feedback scheme in LTE Rel.10 has room for improvement in terms of CQI and precoding inaccuracy, i.e. the inter-user interference is not accurately mitigated. In other words, there is a possibility of improving system performance by CSI feedback accuracy enhancement. This contribution evaluates the implicit and explicit feedback of the information used for precoding, then reveals the possibility of the performance enhancement.
2 CSI feedback accuracy enhancement
In order to enhance the CSI feedback accuracy, the explicit feedback should be considered as a candidate scheme. While the explicit feedback has concern regarding the feedback overhead, testability and backward compatibility, it is a promising approach to mitigate the inter-user interference in MU-MIMO.
In the case of implicit feedback, the precoding at eNB is conducted based on the PMI selected by UEs. UEs select the PMI to maximize the own received power, not to maximize the signal power to inter-user interference power ratio (SIR).
In the case of explicit feedback, eNB obtains the channel frequency response (CFR) between eNB and all UEs. Based on the CFR, eNB generates the precoder to maximize the SIR and selects the spatially multiplexed UEs.

Hence the explicit feedback has the possibility largely improve the performance of MU-MIMO by mitigating the inter-user interference.
In addition, the explicit feedback might have the advantage in HetNet scenario in terms of the control complexity because the implicit feedback requires multiple codebooks with respect to scenarios.
From above discussion, the explicit feedback of the information used for precoding should be considered as a candidate scheme to enhance the CSI feedback accuracy.
3 System level simulation

This section shows the system level simulation results of implicit and explicit feedback schemes. The implicit feedback scheme transmits PMI of Rel.10 codebooks per subband (8RBs) from UEs to eNB. while the explicit feedback scheme transmits the CFR estimated at each UE without quantization from UEs to eNB.
3.1 Simulation conditions 
Table 2 in the appendix shows the simulation conditions. For simplicity, eNB always transmits two layers to two and four UEs (two layers per UE) selected by the user selection algorithm in the case of four and eight antennas at eNB respectively. The system level simulation to obtain the cell spectrum efficiency is conducted in a multi-cell environment. The adaptive modulation and coding (AMC) or the hybrid automatic repeat request (HARQ) are used to obtain spectrum efficiency. It is assumed that the CFR is ideally obtained at the frequency and time resources where CSI-RS (Channel State Information - Reference Signal) is inserted [2]. A cell site consists of three cells. In each cell, ten UEs are randomly and uniformly placed over the cell coverage area.
3.2 Simulation results
Table 1 shows the summary of the cell spectrum efficiency. 
In the case of four antennas at eNB, there is large differences between implicit feedback (0.90 bps/Hz/cell) and explicit feedback (2.05 bps/Hz/cell). 
In the case of eight antennas at eNB, there is large differences between implicit feedback (0.67 bps/Hz/cell) and explicit feedback (3.09 bps/Hz/cell). 

These results mean that there is a possibility of largely improving the cell spectrum efficiency of MU-MIMO by improving the CSI feedback scheme in LTE Rel.10.

Figure 1 shows the cumulative distribution function (CDF) of user spectrum efficiency. As is observed in Table 1, the explicit feedback improves the user spectrum efficiency compared with the implicit feedback except in the case of four antennas at eNB and small feedback.
Table 1
Cell spectrum efficiency
	Feedback Mode
	Four antennas at eNB
	Eight antennas at eNB

	Implicit feedback (Rel.10 Codebook)
	0.90 bps/Hz/cell
	0.67 bps/Hz/cell

	Explicit feedback (Ideal CFR)
	2.05 bps/Hz/cell
	3.09 bps/Hz/cell
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(a)  Four antennas at eNB
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  (b) Eight antennas at eNB


Fig. 1
The cumulative distribution function (CDF) of user spectrum efficiency
4 Conclusions
This contribution evaluates the implicit and explicit feedback of the information used for precoding, then reveals the possibility of the performance enhancement. Since explicit feedback has large performance gain compared to implicit feedback, the following is proposed.
Proposal: Explicit feedback of the information used for precoding should be considered as a candidate scheme to enhance the CSI feedback accuracy.
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Appendix:   Simulation conditions 
Table 2
Simulation parameters
	Parameter
	Assumption

	Duplex method
	FDD

	Carrier Frequency / System bandwidth
	2 GHz / 20MHz (100RBs) 

	Number of subcarriers
	1200

	RB bandwidth
	180 kHz (12 subcarriers)

	Duration of effective data
	66.67 s

	Duration of cyclic prefix
	4.69 s

	Subframe length
	1 msec (14 OFDM symbol)

	Cellular layout
	Hexagonal grid, 

7 cell sites, 3 cells per cell site

	Transmitter antenna pattern at the base station
	3-sector antenna pattern, 70-degree sectored beam (14 dBi)

	Antenna spacing
	10 at eNB, 0.5at UE

  is the wave length of the carrier frequency.

	Inter-site distance (ISD)
	500 m

	Transmission power of eNB
	46 dBm

	BS antenna gain after cable loss
	14 dBi

	Penetration loss
	20 dB

	Channel Model
	SCM suburban macro

	Maximum Doppler frequency
	5.6 Hz

	Number of antennas
	8 at eNB, 2 at UE

	Channel estimation / CQI measurement
	Ideal

	Signal detection
	Linear MMSE

	Codebook
	LTE Rel.10 8bits for 8 antennas, 4 bits for 4 antennas

	Feedback Interval
	2 ms

	Control delay
	4 ms

	Scheduling algorithm
	Frequency-domain channel-dependent scheduling base on PF

	User selection algorithm for MU-MIMO
	Maximizing the sum of the PF metric of the coscheduled UEs

	Traffic model
	Full buffer traffic

	Modulation scheme

Channel coding schemes

Coding rate: R
	Adaptive modulation and coding

QPSK (Turbo coding R = 0.12 ~ 0.71 in ten steps)

16QAM (Turbo coding R = 0.35 ~ 0.68 in seven steps)

64QAM (Turbo coding R = 0.46 ~ 0.99 in eleven steps) 

	Hybrid ARQ
	Chase combining (Maximum number of retransmission is 5.)
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