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1
Introduction

In RAN1#47 meeting, unitary codebook-based precoding has been agreed for the E-UTRA MIMO FDD.  The meeting minutes stated specifically regarding AI 6.5.3  precoding details:

Alternatives proposed:

1) Multi-rank beamforming (rank-specific precoding matrices) (including identity matrix)

2) Householder (rank-specific precoding matrices) (including identity matrix)

3) Diagonal CDD matrix multiplied with the unitary matrix (including identity matrix)

4) Combination of phase only adaptation with some kind of amplitude adaptation (e.g. antenna selection as the simplest form)

5) Random codebook with column selection for rank adaptation

Way forward:

· Limitation on the frequency granularity of the rank reported by a UE. Level of limitation to be decided in the next meeting.

· Precoding design and operation optimized for SU-MIMO for SU/MU-MIMO dynamic switching if defined

This contribution presents the link level simulation results of precoded single user MIMO (SU-MIMO) with various codebook designs. 

2
Overview of Codebook Designs for SU-MIMO

For SU MIMO, codebook designs can be generally categorized into 2 types:

1) Matrix based codebook

The basic element of this codebook is a Tx-by-Tx matrix; where Tx represents the number of transmit antennas. In order to incorporate with rank adaptation technology, matrix codebook based precoding typically uses column subset selection. The total Feed Back Information (FBI) bits should be calculated as: Rank bits+ Matrix index bits + column subset selection bits.

2) Vector based codebook

The basic element of this codebook is a vector or a vector pair. The total Feed Back Information (FBI) bits should be calculated as: Rank bits + precoder index bits. Here, we simulate a rank dependent codebook also known as a combined vector-matrix based codebook for the 4by2 SU-MIMO case.

2.1
Matrix based codebook 

In this contribution, we investigate 3 matrix based codebook designs: Fourier Based codebook  (Rotated DFT codebook, DFT codebook [1]) and random codebook.

1) Rotated DFT codebook is simply represented by
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B is the codebook size (bits) and the set of 
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 can be optimized by given criteria. In the simulation examples we used the following values for 
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 ={-2.51, -0.21} for a 2 transmit antenna system and 
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 ={-1.24,2.72,1.52, -2.30} for a 4 transmit antenna system.
2) DFT codebook [1]

Let {U(0) … U(M-1)} be the precoding matrix set, 
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 be the b-th precoding matrix and 
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be the m-th precoding vector in
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, the codebook is constructed as
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3) Random codebook [6]

The codebook is constructed by taking the SVD decomposition of P random generated matrices. Each element of the codebook is the right unitary matrix.

2.2
Vector based codebook 

In this contribution, we investigate 3 vector based codebook designs: NEC’s MRBF codebook [2], TxAA codebook [3] (for 2by2 MIMO) and TI’s Householder codebook [4].
2.3
Rank Dependent codebook (Combined Vector-Matrix)
The Rank Dependent codebook (vector-matrix codebook) combines the characteristic of matrix-based codebook and vector-based codebook together.  An example of the 4by2 Vector-Matrix codebook with 6bits FBI (=1bits(rank)+5bits(precoding)) is given as:   

1) For rank 1, the codebook is a Grassmanian line packing (GLP) codebook with 32 vectors [5].
2) For rank 2, the codebook is Rotated DFT codebook by column subset selection. (4 matrix) (Codebook size for rank 2 is 4*6=24)

3) For rank 2, one additional matrix such as Walsh-Hadamard matrix could be added to enlarge the number of precoders. (Codebook size for rank 2=4*6+1*6=30)

3
Simulation Assumptions 

The detailed link simulation parameters and assumptions are given in Table 1 and Table 2 respectively. 

Table 1 OFDMA parameters

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carrier frequency
	2.19 GHz

	OFDM sub-carriers
	301

	Carrier spacing
	15 kHz

	OFDM symbol duration
	1/14ms

	TTI duration
	14 OFDM symbols (1 ms)

	Number of RBs
	25 (0.18 MHz per RBs)

	MCS Levels
	QPSK (R = 1/3,2/5,1/2,3/5,2/3, 3/4,4/5)

16QAM (R = 1/2,3/5,2/3,3/4, 4/5)

64QAM (R = 3/5,2/3,3/4,4/5)


Table 2 Simulation assumptions

	Parameter
	Assumption

	Channel model
	Typical urban

	Rank/CQI/Precoder Feedback Granularity
	5 RBs

	Target BLER on first transmit
	10%

	Antenna configuration
	2 x 2/4x4/4x2

	Spatial correlation
	0.5 & 0.25

	Traffic model
	Full buffer traffic

	MIMO detector
	Linear MMSE

	UE speed
	3 km/h

	Feedback delay
	2 TTI

	Geometry
	0~20dB

	HARQ
	Chase combining (Max. ReTx: 6)


4
Numerical Results

 Figures 1 to 6 show the link throughput comparisons with various codebooks for 2by2, 4by4, 4by2 antenna configuration and 0.5 and 0.25 spatial correlations. From the numerical results, we observe that

1) For 2by2, 4by4 SU-MIMO, all codebooks (matrix based codebook and vector based codebook) show similar performance.
2) For 4by2 SU-MIMO, rank dependent codebook (indicated as is VM-codebook in the legend) vector based codebook and Combined Vector-Matrix codebook show the same performance but outperforms Matrix based codebook slightly.

3) Performance of Rotated DFT codebook is similar but slightly better than performance of DFT codebook
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Fig.1 Throughput comparison of SU-MIMO with various codebooks, FBI=4bits, 2x2, spatial correlation=0.5
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Fig.2 Throughput comparison of SU-MIMO with various codebooks, FBI=4bits, 2x2, spatial correlation=0.25
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Fig.3 Throughput comparison of SU-MIMO with various codebooks, FBI=6bits, 4x4, spatial correlation=0.5
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Fig.4 Throughput comparison of SU-MIMO with various codebooks, FBI=6bits, 4x4, spatial correlation=0.25
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Fig.5 Throughput comparison of SU-MIMO with various codebooks, FBI=5/6bits, 4x2, spatial correlation=0.5
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 Fig.6 Throughput comparison of SU-MIMO with various codebooks, FBI=5/6bits, 4x2, spatial correlation=0.25

5
Conclusion

Based on the simulation results, we cannot see a significant performance difference between the different codebooks. Therefore we propose to adopt the Fourier based codebook (including DFT codebook and Rotated-DFT codebook, and DFT-precoded CDD etc.) for SU-MIMO. The reason is that the DFT based codebook is simple, scalable and a structured codebook.

Given that it has been shown in [7-8], and other contributions that the DFT-precoded-CDD has a gain over the non-CDD based precoding, without additional feedback overhead, we further propose to adopt a DFT-precoded-CDD codebook. 
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