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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 does not elicit high performance due to 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 proposes a new technique for enhancing CSI feedback accuracy to mitigate the inter-user interference and evaluates the proposed technique compared with PMI feedback scheme.
2 CSI feedback accuracy enhancement
2.1 System Model

This contribution proposes a new CSI feedback accuracy enhancement using the Fourier Transform (FT) compression scheme. Figure 1 shows the block diagram of the system model with the proposed CSI feedback accuracy enhancement. The number of antennas at eNB is M, that of UE is N, the number of transmission layers per UE is L, and the number of spatially multiplexed UEs is K. The 
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where 
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 downlink channel matrix, 
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channel matrix between the eNB and k-th UE, 
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 precoding matrix, 
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 is the precoding matrix used to precode transmission signal to k-th UE, 
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 is the transmitted signal vector, 
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 inter-cell interference signal vector, 
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 interference vector of k-th UE, 
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 complex additive white Gaussian noise (AWGN) vector, and 
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 AWGN vector of k-th UE. The channel matrix consists of the Channel Frequency Responses (CFRs) between antennas at eNB and UEs. Here we assume that the channel estimator in Figure 1 estimates the CFR. The estimated CFR are given to the CFR compressor and quantization block. The CFR compressor and quantizer block compresses and quantizes the CFR in accordance with the procedure described in section 2.2. The compressed CFR and the related information (denoted as "selected frequency elements" in section 2.2) to be used in the decompression process are fed back through the uplink channel, then the eNB decompresses the compressed CFR. Based on the decompressed CFR 
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, the MMSE (Minimum Mean Square Error) precoding matrix is calculated as shown in Eq.(2) at eNB side[2]. 
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where 
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Note that in the case of PMI feedback in Rel.10, the precoding matrix wk is selected as 
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 at UE shown in Eq. (3).
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where C is a codebook shared by the UE and eNBs. Then the index of the selected precoding matrix is fed back from the UEs to eNB through the uplink channel. The eNB precodes the transmitted signal vector using the precoding matrix selected by the UEs. 
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Fig. 1
System model of CSI feedback accuracy enhancement
2.2 Proposed CSI feedback accuracy enhancement
This section explains the CFR compression scheme to enhance the CSI feedback accuracy. The proposed CFR compression scheme compresses the CFR between the antennas at eNB and the UE by FT, then the frequency elements (FEs) of the FT result whose power are large are fed back to the eNB with the information indicating the selected FEs. One of the reasons to use FT is that FT changes the CFR to channel impulse response. The channel impulse response consists of the limited number of high power paths. Hence, the FT of the CFR and the feedback of its result whose power is large at the UEs are expected to enable the eNB to reproduce the CFR accurately by conducting the inverse FT (IFT) at eNB. Another advantage is that FT is a widely used and well-established transform in terms of the hardware implementation and the processing latency. 

Figure 2 shows the block diagram of the proposed CFR compressor, quantizer and the CFR decompressor. First, the estimated CFR is given to the FT. The channel matrix at f-th frequency resources and t-th time resources is denoted as 
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 to distinguish the frequency response of the channel at time and frequency. The number of CFRs obtained on the frequency and time resource are F and T respectively. The FT transforms the estimated CFR as shown in Eq.(4). 
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where NFT is the number of FT points. Note that the CFR between all transmitter and receiver antennas are transformed together to obtain the high compression efficiency. This is reasonable because the channel impulse response between multiple channels from eNB to the UE is similar, while the instant fading is different. Then, the high power searcher selects the high power FEs from the FT output. The quantized FT output at selected FEs is fed back to the eNB, and then IFT is conducted for the feedback data after the zero padding to the FEs that are not selected at the UE. Finally, the decompressed CFR 
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 is reproduced. The important parameter for this compression scheme is how many FEs are selected and fed back to the eNB, which is the tradeoff between the feedback overhead and the user throughput. Next section evaluates the proposed scheme from such perspective.
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Fig. 2
Proposed CFR compressor and decompressor
3 System level simulation
3.1 Simulation conditions 
Table 4 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 [3]. A cell site consists of three cells. In each cell, ten UEs are randomly and uniformly placed over the cell coverage area.
3.2 Feedback overhead analysis

Table 1 and Table 2 show the analysis of the required number of feedback bits per 2 ms (2 subframes) of PMI based and CFR compression based feedback schemes where eNB has four antennas and eight antennas, respectively. Note that the subframe consists of 14 OFDM symbols, and RB means the resource block consisting of twelve OFDM subcarriers. 

In the case of 8RB PMI, one PMI is selected to satisfy Eq. (3) per eight RBs. In the case of 1RB PMI, one PMI is selected to satisfy Eq. (3) per every RB. Since the number of PMI bits for four transmitter antennas is four in the specification of LTE Rel.10 [3], and the number of RBs is 100 when the system bandwidth is 20 MHz, the number of feedback bits is calculated as shown in Table 1. Note that 8RB PMI is supported in LTE Rel.10, however 1RB PMI is its extension and not supported in LTE Rel.10. In the case of eight transmitter antennas at eNB, the number of bits for PMI is changed to eight, and the number of feedback bits is calculated as shown in Table 2.
In the case of 3FE CFR in Table 1, all CFRs obtained in a subframe are transformed by FT whose number of points is 1024 (the minimum power-of-two value larger than the sum of the number of CFRs obtained in a subframe), and then the three FEs are selected by descending order of power. Finally, the selected FT results are quantized into 6 bits (3 bits for a real number and 3 bits for an imaginary number). Since there are three selected FEs, the total number of bits for the selected FT results is 18 bits. In addition, the CFR compression based feedback scheme requires the selected FE indicator, which is 10 bits because the number of FT points is 1024. The number of selected FEs is three, hence the total number of bits for FE indicators is 30 bits. Finally, the sum of the feedback overhead for 3FE CFR is 48 bits. In the case of 20 FE CFR in Table 1, the number of feedback bits is calculated as 3FE CFR by changing the number of quantization bits to 10 (5 bits for a real number and 5 bits for an imaginary number). In the case of 5FE CFR and 38 FE CFR in Table 2, the number of feedback bits is calculated as 20FE CFR in Table 1 by changing the number of bits for the selected FE indicator to 11 bits because the number of FT points is 2048.

In order to clarify the performance and the number of feedback bits of each feedback scheme, they are categorized into two types based on the analysis shown in Table 1 and Table 2: small feedback and large feedback. In Table 1 (four antennas at eNB), 8RB PMI and 3FE CFR, whose number of feedback bits is around 50 bits, are categorized into small feedback. The former is denoted as conventional small PMI, and the latter is proposed small CFR. 1RB PMI and 20FE CFR, whose number of feedback bits is around 400 bits, are categorized into large feedback. The former is denoted as conventional large PMI, and the latter is proposed large CFR. In Table 2 (eight antennas at eNB), 8RB PMI and 5FE CFR, whose number of feedback bits is around 100 bits, are categorized into small feedback. The former is denoted as conventional small PMI, and the latter is proposed small CFR. 1RB PMI and 38FE CFR, whose number of feedback bits is around 800 bits, are categorized into large feedback. The former is denoted as conventional large PMI, and the latter is proposed large CFR.
Table 1
Number of feedback bits (per 2 ms, 20 MHz) in the case of four antennas at eNB
	Feedback type
	Number of feedback bits

	8RB PMI (denoted as "Conventional small PMI")
	50 bits (100 RB/8 RB
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4 bits)

	1RB PMI (denoted as "Conventional large PMI")
	400 bits (100 RB/1 RB
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4 bits)

	3FE CFR (denoted as "Proposed small CFR")
	48 bits (3 FE
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6 bits + 3 FE
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10 bits)

	20FE CFR (denoted as "Proposed large CFR")
	400 bits (20 FE
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10 bits + 20 FE
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Table 2
Number of feedback bits (per 2 ms, 20 MHz) in the case of eight antennas at eNB
	Feedback type
	Number of feedback bits

	8RB PMI (denoted as "Conventional small PMI")
	100 bits (100 RB/8 RB 
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 8 bits)

	1RB PMI (denoted as "Conventional large PMI")
	800 bits (100 RB/1 RB 
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 8 bits)

	5FE CFR (denoted as "Proposed small CFR")
	105 bits (5 FE 
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 10 bits + 5 FE 
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 11 bits )

	38FE CFR (denoted as "Proposed large CFR")
	798 bits (38 FE 
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 10 bits + 38 FE 
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 11 bits)


3.3 Simulation results
Table 3 shows the summary of the cell spectrum efficiency. 
In the case of four antennas and eight antennas at eNB, there are large differences between conventional small PMI (0.90 bps/Hz/cell in four eNB antennas and 0.67 bps/Hz/cell in eight eNB antennas) and ideal CFR (2.05 bps/Hz/cell in four eNB antennas and 3.09 bps/Hz/cell in eight eNB antennas). This means 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.

In the case of four antennas at eNB, the cell spectrum efficiency of the proposed small CFR (0.68 bps/Hz/cell) is 32 % smaller than that of conventional small PMI (0.90 bps/Hz/cell). On the other hand, the cell spectrum efficiency of the proposed large CFR (1.37 bps/Hz/cell) is 44 % larger than that of the conventional large PMI (0.95 bps/Hz/cell). These observations show that the CFR compression based scheme effectively works when the number of feedback bit increases. 
In the case of eight antennas at eNB, the cell spectrum efficiency of the proposed small CFR (0.75 bps/Hz/cell) is 12 % larger than that of conventional small PMI (0.67bps/Hz/cell). On the other hand, the cell spectrum efficiency of the proposed large CFR (2.18 bps/Hz/cell) is 156 % larger than that of the conventional large PMI (0.85 bps/Hz/cell). These observations show that the CFR compression based scheme effectively works when the number of antennas at eNB increases, i.e. the number of multiplexed UE increases.
Figure 3 shows the cumulative distribution function (CDF) of user spectrum efficiency. As is observed in Table 3, the proposed CFR improves the user spectrum efficiency compared with the conventional PMI except in the case of four antennas at eNB and small feedback.
Table 3
Cell spectrum efficiency
	Feedback Mode
	Four antennas at eNB
	Eight antennas at eNB

	Conventional small PMI
	0.90 bps/Hz/cell
	0.67 bps/Hz/cell

	Proposed small CFR
	0.68 bps/Hz/cell
	0.75 bps/Hz/cell

	Conventional large PMI
	0.95 bps/Hz/cell
	0.85 bps/Hz/cell

	Proposed large CFR
	1.37 bps/Hz/cell
	2.18 bps/Hz/cell

	Ideal CFR
	2.05 bps/Hz/cell
	3.09 bps/Hz/cell


	[image: image45.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.5 1 1.5 2

CDF

User spectrum efficiency [bit/sec/Hz/user]

Conventional small PMI Proposed small CFR

Conventional large PMI Proposed large CFR

Ideal CFR


(a)  Four antennas at eNB
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 (b) Eight antennas at eNB


Fig. 3
The cumulative distribution function (CDF) of user spectrum efficiency
4 Conclusions
This contribution proposed CSI feedback accuracy enhancement and showed the results of system level simulations. The simulation results demonstrated the following three points:
- There is the possibility of largely improving cell spectrum efficiency of MU-MIMO by improving the CSI feedback scheme in LTE Rel.10.

- The proposed CSI feedback accuracy enhancement effectively works when the number of feedback bit increases.
- The proposed CSI feedback accuracy enhancement effectively works when the number of antennas at eNB increases, i.e. the number of multiplexed UE increases.
System level simulations considering the dynamic switching of MU-MIMO and SU-MIMO are future work.
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Appendix:   Simulation conditions 
Table 4
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 UE

	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.)











6
4

_1363800033.unknown

_1365858814.unknown

_1365858946.unknown

_1365858966.unknown

_1365890025.unknown

_1365890034.unknown

_1365858984.unknown

_1365858956.unknown

_1365858937.unknown

_1365858781.unknown

_1365858798.unknown

_1365315961.unknown

_1365858753.unknown

_1365315928.unknown

_1365315946.unknown

_1364021890.unknown

_1361100121.unknown

_1363765851.unknown

_1363767361.unknown

_1363799864.unknown

_1363799876.unknown

_1363782511.unknown

_1363765905.unknown

_1361188945.unknown

_1363763904.unknown

_1363765801.unknown

_1363763623.unknown

_1361173172.unknown

_1360929865.unknown

_1361099323.unknown

_1360935313.unknown

_1360929582.unknown

