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1. Introduction

In order to achieve significant downlink spectral efficiency, it is agreed to support up to 8Tx antenna in downlink for LTE-Advanced. Especially, major throughput in downlink comes from CL-MIMO operation, therefore, it is straightforward to employ CL-MIMO in 8Tx antenna scheme. There have been two approaches to accomplish CL-MIMO for 8Tx antenna case in FDD; one is based on codebook as in LTE system [1,2] and the other is based on CSI direct feedback. This paper discusses performance per feedback overhead for both approaches and suggests the approach for CL-MIMO in 8Tx antenna scheme in single cel scenario. 
2. 8Tx CL-MIMO
CL-MIMO has trade-off between performance and feedback overhead. If there is no limit for feedback amount, SVD based CL-MIMO using CSI direct feedback provisions the optimal performance. However, since the practical system has limited feedback capacity, codebook based approach has been adopted as a reasonable method when compared to SVD based approach. 
In 4Tx antenna case, codebook of 4bit can give comparable performance to SVD based CL-MIMO as shown in Figure 1. In this simulation, UE feedbacks the channel covariance matrix R or PMI every 5ms and rank index every 40ms. SVD was conducted using R or quantized R where 4bit quantization was performed on all elements in upper triangular part of R, which results in 32bits overhead. The simulation was performed in TU 3km/h and uncorrelated case.
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Figure 1. Link throughput comparison between codebook based CL-MIMO and SVD based CL-MIMO in 4x2 MIMO system. X-axis means SNR (dB) and Y-axis denotes spectral efficiency in terms of bits/tone.
However, 8Tx antenna system requires more feedback overhead to achieve the comparable performance as SVD based CL-MIMO using ideal feedback. As shown in Figure 2, the codebook size 4bit and 6bit proposed in [1] and [2] are not enough to achieve 8Tx precoding gain. Even SVD based on quantized R looks insufficient scheme compared to SVD based on ideal feedback even though this case consumes 144bits feedback overhead since quantization was conducted each elements of upper triangular part of R. 
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Figure 2. Link throughput comparison between codebook based CL-MIMO and SVD based CL-MIMO in 8x2 MIMO system with Tx correlation=0. X-axis means SNR (dB) and Y-axis denotes spectral efficiency in terms of bits/tone.
In order to reap more precoding gain from 8Tx antenna, it is desirable for LTE-A system to employ larger codebook or more bits for quantization of R. Figure 3 inserts the simulation result using codebook of 8bits which is randomly generated to have constant modulus property and unitary matrix. We can observe that at least 8bits is required for codebook based CL-MIMO to make enough performance compared to SVD based approach using quantization feedback for uncorrelated environment.
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Figure 3. Link throughput comparison between codebook based CL-MIMO and SVD based CL-MIMO in 8x2 MIMO system with Tx correlation=0. X-axis means SNR (dB) and Y-axis denotes spectral efficiency in terms of bits/tone.
However, use of 4bit codebook is enough for highly correlated case as shown in Figure 4. In this case, 4bit codebook gives similar performance at much lower feedback overhead when compared with SVD based on quantized R and 8bit codebook. 
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Figure 4. Link throughput comparison between codebook based CL-MIMO and SVD based CL-MIMO in 8x2 MIMO system with Tx correlation=0.9. X-axis means SNR (dB) and Y-axis denotes spectral efficiency in terms of bits/tone.
3. Conclusions

For 8Tx CL-MIMO system in single cell scenario, there are two approaches one of which is based on codebook and the other is based on SVD using CSI direct feedback.  CSI direct feedback can be considered when the efficient compression method to reduce the feedback overhead is available. Otherwise, for practical system with limited feedback capacity, codebook based CL-MIMO as in LTE system is preferred. 8bit is recommended as the codebook size for rank 1 and 2 for uncorrelation case, but 4bit is sufficient for codebook size for highly correlated antenna configuration. The sizes of codebook for rank 3~8 are FFS. We summarize conclusions as below:
· Codebook based CL-MIMO is preferred to CL-MIMO based on CSI direct feedback 
· For rank 1 and 2, 16 codebook entries per rank optimized for high correlation should be included in each codebook of the size larger than or equal to 4 bits.  
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