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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 and the other is based on CSI direct feedback. Based on proposals [1-6] from many companies saying that the codebook based precoding is a reasonable scheme for FDD, this paper discusses the trade-off between keeping guidelines for codebook design and performance for 8Tx precoding for single cell scenario.
2. Guidelines for codebook design
There are several criteria for codebook design as have been discussed since Rel-8 system design and it is recommended that 8Tx codebook satisfies the following properties and requirements [5]:
(1) Constant modulus property
(2) Finite alphabet

(3) Moderate codebook size

(4) Nested property

(5) Good performance for various cases such as highly correlated, uncorrelated and cross polarized antenna configuration
3. Codebook regarding antenna configuration
For cell deployments with 8Tx antenna, three antenna configurations would be the most possible scenarios; (1) low correlated antenna, (2) high correlated array and (3) cross polarized antenna. For low correlated case, large codebook is required to obtain the enough precoding gain from 8Tx antenna as discussed in [2,6]. Since 4bit codebook size is enough to enjoy the precoding gain under the case of high correlation [6], we consider that 4bit codebook entries for high correlation should be included in 8Tx codebook. The remaining consideration point is on codebook design for cross polarized antenna. 
Most codebooks proposed in [1~6] have proper structures for high correlated array while satisfying the above design guidelines. However, as discussed in [7], block diagonal matrices or its permuted versions are more appropriate for codebook for cross polarized antenna. The introduction of block diagonal matrices for codebook results in breakdown of some properties. For evaluation purpose, we made an exemplary codebook for rank 1 and rank 2 with base matrices in [2] and the block diagonal matrices as in the table 1. In this codebook, constant modulus property and nested property do not hold.
Table 1. Example of codebook for rank 1 and rank 2 for 8Tx precoding. Wk(n) comes from [2].
	Index
	Rank 1
	Rank 2

	0
	W1(1)
	W1(15)

	1
	W1(2)
	W1(26)

	2
	W1(7)
	W1(37)

	3
	W1(8)
	W1(48)

	4
	W2(1)
	W2(13)

	5
	W2(2)
	W2(24)

	6
	W2(7)
	W2(57)

	7
	W2(8)
	W2(68)

	8
	W3(3)
	B1(15)

	9
	W3(4)
	B1(26)

	10
	W3(5)
	B1(37)

	11
	W3(6)
	B1(48)

	12
	W4(1)
	B2(15)

	13
	W4(2)
	B2(26)

	14
	W4(7)
	B2(37)

	15
	W4(8)
	B2(48)


where 
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, and Q1 and Q2 are constructed by using 4Tx codebook for rank 1. 
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and 
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means unit vector having non-zero value for kth element. Even though the properties (1) and (4) are broken partially, the performance gain from the block diagonal matrices is considerable for cross polarized antenna as shown in Figure 1. On the other hand, the performance loss from the block diagonal matrices is very negligible. 
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(a) for high correlated array                                  (b) for cross polarized antenna
Figure 1. Link throughput performance using two codebooks. 

4. Conclusions
In this contribution, we discuss two configuration ways of DL codebook for 8Tx CL-MIMO; one is focusing on keeping design properties rigorously while the other rather puts more priority on achieving good performance regardless of antenna configuration such as cross polarization and highly correlated ULA. Link performance comparison shows potential benefits of considering codebook optimized for cross polarized antenna. Here we introduce a base matrix for 8Tx codebook for single cell scenario. The block diagonal matrix can be considered as one of base matrices for the codebook entries for cross polarized antenna. The codebook can contain appropriate entries for various antenna configurations while maintaining the reasonable codebook size like 4bits. The details of exact codebook design should be further investigated
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