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1 Introduction
In the previous meetings, several precoding codebook schemes were proposed [1]-[8] for DL SU-MIMO including (rotated) DFT matrix based codebook, Household based codebook, antenna selection, random matrix based codebook, the combination of the phase-adapted DFT matrix and antenna selection (P-DFT&AS), etc. In this document, we evaluate the link performances of several 4Tx precoding codebook schemes under different channel conditions and provide the simulation analysis.

2 Precoding Codebook Schemes
In this section, we select five codebook-based precoding schemes for the performance evaluation, including antenna selection, DFT matrix, 4 rotated DFT matrices, 3 rotated DFT&AS and P-DFT&AS. These codebooks are listed in the appendix. When the rank is considered, there are 15 precoding possibilities for both antenna selection and DFT matrix schemes; in this case, the codebook size is 4bit. For both 4 rotated DFT matrix and 3DFT &AS schemes there are 60 precoding possibilities, and the codebook size is 6bit. P-DFT &AS is different with other precoding schemes, the codebook for each rank has its particular precoding matrices. For the phase shift matrix, we choose 
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separately, the precoding possibilities of two P-DFT&AS precoding codebooks will be 64 and 128, and the codebook size is 6bit and 7bit separately. 
3 Simulation Results and Analysis
3.1 Simulation Assumptions
In this section we describe the simulation setup used to obtain the simulation results presented later. The simulation parameters are listed in the Table 1.

Table 1 Simulation Assumptions
	Transmission BW
	10MHz

	Sub-frame duration 
	0.5 ms

	Symbols/sub-frame
	7

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	RB size
	12 sub-carriers

	Number of RBs used
	2 (24 sub-carriers)

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null)

	Modulation and coding rate
	10 levels

[QPSK, R=1/3] [QPSK, R=1/2] [QPSK, R=3/4] [QPSK, R=4/5]

[16QAM, R=1/3] [16QAM, R=1/2] [16QAM, R=2/3] 

[16QAM, R=3/4] 
[64QAM, R=2/3] [64QAM, R=4/5]

	Channel model
	SCM-D

	Mobile speed
	3km/h

	Antenna configuration
	Node B: 4; UE: 4

	TX Antenna spacing
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	RX Antenna spacing
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	Channel estimation
	perfect channel estimation


3.2 Simulation Results and Analysis

Figure 1 show the link throughput comparisons with various codebooks under the uncorrelated channel. Figure 1(b) is a part which is intercepted from Figure 1(a). From the numerical results of Figure 1, it can be observed that under the uncorrelated channel, the antenna selection and DFT matrix based codebooks have similar performance with same PMI feedback overhead, comparing with other codebook schemes this performance is low. 3DFT&AS and 4 rotated DFT codebooks also have similar performance with same PMI feedback overhead, but it outperforms antenna selection and DFT matrix obviously. Moreover, the P-DFT&AS (128) and P-DFT&AS (64) schemes have the best and second-best performance separately.
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Figure 1 Throughput of SU-MIMO with various codebooks under uncorrelated channel
Figure 2 show the link throughput comparisons with various codebooks under the correlated channel. From the numerical results of Figure 2 it can be observed that under the correlated channel, 3DFT&AS codebook scheme has the best performance, 4 rotated DFT takes second place, P-DFT&AS (64) inferiors to 3DFT&AS and 4 rotated DFT schemes.
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Figure 2 Throughput of SU-MIMO with various codebooks under correlated channel
As it is known that the optimal precoding matrix is the right singular matrix V of the channel matrix H. When the fixed codebook is designed for precoding, it is hope that a certain matrix in the codebook is approximate to V as much as possible. The degree of approximation is higher, the performance will be better. Furthermore, the channel environment is also an important factor to evaluate the codebook scheme. If there is a need to evaluate some types of codebook schemes quantitatively, the average difference between the precoding possibilities and a possible V is a reasonable basis. Therefore, to interpret the simulation results:
· Under the uncorrelated channel, V is uniformly distributed in the unitary space, the average difference between the codebook schemes with the same number of precoding possibilities and all the possible V is about same. Combining with the simulation results, it can be concluded that under the uncorrelated channel, the codebook schemes with the same number of precoding possibilities have similar performance; and the performance will get better with the increasing of precoding possibilities number. Therefore, considering the performance, complexity and feedback overhead, we recommend using 6 bit DFT based codebook schemes. 

· Under the correlated channel, V is non-uniformly distributed in the unitary space, i.e. with certain directivity. The higher the correlation of the channel is, the more obvious the directivity is. This directivity will affect the performance of different codebook schemes directly. It is different with uncorrelated channel case, under the correlated channel the average difference between the codebook schemes with the same number of precoding possibilities and all the possible V is not same, hence the performance of these codebook schemes are different. From the simulation results it can be seen that the performance of antenna selection outperforms DFT matrix, i.e. the average difference to the possible V for antenna selection is less than DFT matrix, and antenna selection scheme is more coincident with the channel correlation. Therefore, the performance of other codebook schemes can also be interpreted by the same token. The antenna selection matrix in 3DFT&AS codebook makes it more advantaged than 4 rotated DFT matrix codebook. However, comparing with other codebook schemes, the performance of P-DFT&AS (64) is worse under the current correlated channel. This is because that the average difference between the 64 precoding possibilities and the current V is relative large.
4 Conclusion

In this document, we evaluate the link performances with various 4Tx precoding codebook schemes for SU-MIMO in different channel conditions and provide the simulation analysis. According to the analysis results, we can summarize and conclude as follows:

· Under the uncorrelated channel, the codebook schemes with the same number of precoding possibilities have similar performance, the more the precoding possibilities are, the better the performance is. However, considering the performance, complexity and feedback overhead, we recommend using 6 bit DFT based codebook schemes.
· Under the correlated channel, the present codebook schemes have different performance due to the average difference between the codebook schemes and all the possible V is not same. The performance of codebook scheme depends on the correlation of the current channel.
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Appendix
· Antenna selection codebook:
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· DFT matrix based codebook:
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· 4 rotated DFT matrices based codebook:
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· 3DFT&AS based codebook:
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· P-DFT&AS based codebook:
Phase shift matrix: 
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The subsets of phase-adapted DFT matrix: 
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The subsets of antenna grouping matrices: 
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P-DFT&AS (64): 
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P-DFT&AS (128): 
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