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1. Introduction
In relation to 8Tx downlink SU-MIMO, 8Tx codebook design is still an open issue.  In this contribution, we discuss the issue of codebook design for 8Tx DL MIMO which includes the codebook size for different ranks and codebook construction suitable for practical antenna deployments.
2. Guidelines for Codebook Design
There are several criteria for codebook design as have been discussed since Rel-8 system design. It is recommended that 8Tx codebook satisfies the following properties and requirements [1]:

· Constant modulus property

· Finite alphabet

· Moderate codebook size

· Nested property

The purpose of these requirements is to mainly make low complexity for codeword selection at UE side. Furthermore, it is also desired for codebook design with good performance under various scenarios such as highly correlated, uncorrelated and cross polarized antenna configuration.
3. 8 TX Antenna Configuration
Before discussing the codebook related issues, we should carefully consider the antenna configurations at eNB since the antenna configuration makes an important effect on codebook construction. For cell deployments with 8Tx antenna, size limitation of antenna array is the first consideration. For example, the wavelength of 0.15m for 2 GHz carrier frequency case makes the size of 4λ-spacing uniform linear array 4.2m which is impossible in practice. So we have following considerations in antenna configurations.
· At the eNB, dual-polarized antenna array seems inevitable. Hence, it seems reasonable to assume four uniformly-spaced pairs of dual-polarized antennas. For beamforming-type application, the spacing of λ/2 may also need to be evaluated. To introduce significant amount of scattering, the spacing of 4λcan be assumed. 

· Similarly, dual-polarized antenna array seems relevant at the UE side although it is unclear if the 4-pair ULA model can be used. Since we observed via simulations that the throughput performance is less sensitive to the receive antenna correlation, it is simpler to assume 4-element ULA for the case of 4 receive antennas or four-pair dual-polarized model with the inter-pair spacing of λ/2 for the case of 8 receive antennas. Moreover, in each case of receive antenna deployment the correlation at receive side is rather low due to a large amount of scatters surrounding a UE station.
Thus we propose that 8Tx codebook design should be optimized for dual-polarized antenna array configuration, meanwhile keeps satisfied performance in low correlation channels.
4. Considerations on Codebook Size
In contributions [2], [3], [4] and [5], various codebook sizes have been proposed to illustrate the throughput performance improvement to 4 TX configurations where the total size of codebook can be 7 or 8 bits. In this contribution we will discuss the optimized codebook size for different ranks so as to take into account rank selection probabilities for throughput maximization.
Under dual-polarized correlated channel scenarios, we examined the probability that transmitter selects a rank k with maximum throughput when the largest k singular vectors are used for precoder. Fig. 1 shows the probability distributions of transmission rank selection so as to maximize the overall throughput under 8Tx/4Rx scenarios. In Fig. 1, rank 1 and rank 3 are selected with higher probabilities. On the other hand, current agreement is achieved that maximum 2 ranks are supported in MU-MIMO system which suggest us to assign more codeword for rank 1 and 2 codebooks. This motivates us to design codebook with non-equal codebook size for different ranks.
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Fig. 1: Probability distribution of a rank is selected with maximum throughput under 8Tx/4Rx dual-polarized channels.
5. 8Tx Codebook Design

Based on the discussions in Sections 2~4, we proposed a novel 8-TX codebook below which is suggested for LTE-A systems. The performance in post SNR is evaluated and compared with other codebooks proposed in previous 3GPP meetings.

Firstly, we define the following 8 dimension vectors u1~u24 in Table 1.

Table 1  Basic vectors used for 8-TX codebook construction
	u1
	1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00
	u9
	1.00

-0.5000 - 0.8660i

-0.5000 + 0.8660i

1.00

-0.5000 - 0.8660i

-0.5000 + 0.8660i

1.00

-0.5000 - 0.8660i
	u17
	1.00

-0.5000 + 0.8660i

-0.0000 - 1.0000i

0.8660 + 0.5000i

-1.0000 + 0.0000i

0.5000 - 0.8660i

0.0000 + 1.0000i

-0.8660 - 0.5000i

	u2
	1.00

0.8660 + 0.5000i

0.5000 + 0.8660i

0.0000 + 1.0000i

-0.5000 + 0.8660i

-0.8660 + 0.5000i

-1.0000 + 0.0000i

-0.8660 - 0.5000i
	u10
	1.00

-0.0000 - 1.0000i

-1.0000 + 0.0000i

0.0000 + 1.0000i

1.00

-0.0000 - 1.0000i

-1.0000 + 0.0000i

0.0000 + 1.0000i
	u18
	1.00

-0.8660 + 0.5000i

0.8660 - 0.5000i

-0.5000 + 0.8660i

0.5000 - 0.8660i

0.0000 + 1.0000i

-0.0000 - 1.0000i

0.5000 + 0.8660i

	u3
	1.00

0.5000 + 0.8660i

-0.5000 + 0.8660i

-1.0000 + 0.0000i

-0.5000 - 0.8660i

0.5000 - 0.8660i

1.00

0.5000 + 0.8660i
	u11
	1.00

0.5000 - 0.8660i

-0.5000 - 0.8660i

-1.0000 + 0.0000i

-0.5000 + 0.8660i

0.5000 + 0.8660i

1.00

0.5000 - 0.8660i
	u19
	1.00

-1.0000 + 0.0000i

0.8660 + 0.5000i

-0.8660 - 0.5000i

0.5000 + 0.8660i

-0.5000 - 0.8660i

0.0000 + 1.0000i

-0.0000 - 1.0000i

	u4
	1.00

0.0000 + 1.0000i

-1.0000 + 0.0000i

-0.0000 - 1.0000i

1.00

0.0000 + 1.0000i

-1.0000 + 0.0000i

-0.0000 - 1.0000i
	u12
	1.00

0.8660 - 0.5000i

0.5000 - 0.8660i

-0.0000 - 1.0000i

-0.5000 - 0.8660i

-0.8660 - 0.5000i

-1.0000 + 0.0000i

-0.8660 + 0.5000i
	u20
	1.00

-0.8660 - 0.5000i

0.0000 + 1.0000i

0.5000 - 0.8660i

-1.0000 + 0.0000i

0.8660 + 0.5000i

-0.0000 - 1.0000i

-0.5000 + 0.8660i

	u5
	1.00

-0.5000 + 0.8660i

-0.5000 - 0.8660i

1.00

-0.5000 + 0.8660i

-0.5000 - 0.8660i

1.00

-0.5000 + 0.8660i
	u13
	1.00

1.00

0.8660 + 0.5000i

0.8660 + 0.5000i

0.5000 + 0.8660i

0.5000 + 0.8660i

0.0000 + 1.0000i

0.0000 + 1.0000i
	u21
	1.00

-0.5000 - 0.8660i

-0.8660 + 0.5000i

0.8660 + 0.5000i

0.5000 - 0.8660i

-1.0000 + 0.0000i

0.0000 + 1.0000i

0.8660 - 0.5000i

	u6
	1.00

-0.8660 + 0.5000i

0.5000 - 0.8660i

0.0000 + 1.0000i

-0.5000 - 0.8660i

0.8660 + 0.5000i

-1.0000 + 0.0000i

0.8660 - 0.5000i
	u14
	1.00

0.8660 + 0.5000i

0.0000 + 1.0000i

-0.5000 + 0.8660i

-1.0000 + 0.0000i

-0.8660 - 0.5000i

-0.0000 - 1.0000i

0.5000 - 0.8660i
	u22
	1.00

-0.0000 - 1.0000i

-0.8660 - 0.5000i

-0.5000 + 0.8660i

0.5000 + 0.8660i

0.8660 - 0.5000i

-0.0000 - 1.0000i

-1.0000 + 0.0000i

	u7
	1.00

-1.0000 + 0.0000i

1.00

-1.0000 + 0.0000i

1.00

-1.0000 + 0.0000i

1.00

-1.0000 + 0.0000i
	u15
	1.00

0.5000 + 0.8660i

-0.8660 + 0.5000i

-0.8660 - 0.5000i

0.5000 - 0.8660i

1.00

0.0000 + 1.0000i

-0.8660 + 0.5000i
	u23
	1.00

0.5000 - 0.8660i

-0.0000 - 1.0000i

-0.8660 - 0.5000i

-1.0000 + 0.0000i

-0.5000 + 0.8660i

0.0000 + 1.0000i

0.8660 + 0.5000i

	u8
	1.00

-0.8660 - 0.5000i

0.5000 + 0.8660i

-0.0000 - 1.0000i

-0.5000 + 0.8660i

0.8660 - 0.5000i

-1.0000 + 0.0000i

0.8660 + 0.5000i
	u16
	1.00

0.0000 + 1.0000i

-0.8660 - 0.5000i

0.5000 - 0.8660i

0.5000 + 0.8660i

-0.8660 + 0.5000i

-0.0000 - 1.0000i

1.00
	u24
	1.00

0.8660 - 0.5000i

0.8660 - 0.5000i

0.5000 - 0.8660i

0.5000 - 0.8660i

-0.0000 - 1.0000i

-0.0000 - 1.0000i

-0.5000 - 0.8660i


Based on the basic vectors in Table 1 above, we propose the 8Tx codebook for rank 1~4 as in Table 2.
Table 2 Rank 1~ 4 codebook for 8Tx precoding
	Codebook

Index
	Rank 1
	Rank 2
	Rank3
	Rank 4

	1
	u1
	[u1, u2]
	[u1, u2, u3]
	[u1, u2, u3, u4]

	2
	u2
	[u2, u3]
	[u2, u3, u4]
	[u2, u3, u4, u5]

	3
	u3
	[u3, u4]
	[u3, u4, u5]
	[u3, u4, u5, u6]

	4
	u4
	[u4, u5]
	[u4, u5, u6]
	[u4, u5, u6, u7]

	5
	u5
	[u5, u6]
	[u5, u6, u7]
	[u5, u6, u7, u8]

	6
	u6
	[u6, u7]
	[u7, u8, u1]
	[u10, u11, u12, u13]

	7
	u7
	[u7, u8]
	[u10, u11, u12]
	[u11, u12, u13, u14]

	8
	u8
	[u8, u1]
	[u12, u13, u14]
	[u14, u15, u16, u9]

	9
	u9
	[u9, u10]
	[u14, u15, u16]
	[u16, u9, u10, u11]

	10
	u10
	[u10, u11]
	[u16, u9, u10]
	[u18, u19, u20, u21]

	11
	u11
	[u11, u12]
	[u19, u20, u21]
	[u21, u22, u23, u24]

	12
	u12
	[u12, u13]
	[u21, u22, u23]
	[u23, u24, u17, u18]

	13
	u13
	[u13, u14]
	
	

	14
	u14
	[u14, u15]
	
	

	15
	u15
	[u15, u16]
	
	

	16
	u16
	[u16, u9]
	
	

	17
	u17
	[u17, u18]
	
	

	18
	u18
	[u18, u19]
	
	

	19
	u19
	[u19, u20]
	
	

	20
	u20
	[u20, u21]
	
	

	21
	u21
	[u21, u22]
	
	

	22
	u22
	[u22, u23]
	
	

	23
	u23
	[u23, u24]
	
	

	24
	u24
	[u24, u1]
	
	


6. Performance Evaluation
In this section, we evaluate the performance of the proposed codebook with different ranks. On one hand, we simulate the sum capacity for rank 1~4 cases because the proposed codebook aims to performance improvement in high correlated MIMO channels. On the other hand, we also evaluate the performance of the proposed codebook in uncorrelated channel for comparison.
Fig. 2 shows the sum capacity performance of precoded SU-MIMO when the proposed codebook is used for precoding. We can see that the rank-2 precoding scheme has the best throughput performance in moderate SNR region. Moreover, rank-4 scheme also achieves high throughput at high SNR levels although the number of codewords for rank 4 is relatively small. This illustrates that the proposed codebook is very suitable for dual-polarized channel scenarios.
Since our codebook size assignment and codeword construction is mainly contributed to maximize system performance under highly correlated channel. To examine the performance of the proposed codebook under low correlation channel, we plot sum capacity performance of precoded SU-MIMO with rank 1~4 in flat fading uncorrelated channels. It is observed in Fig. 3 that all transmissions with rank 1, 2, 3 and 4 perform very well when only limited codewords are used for precoding which shows our proposed codebook is also applicable for low correlated channels.
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Fig. 2 Sum capacity of codebook precoded SU-MIMO with different ranks under 8Tx/4Rx dual-polarized channel.
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Fig. 3 Sum capacity of codebook precoded SU-MIMO with different ranks under 8Tx/4Rx uncorrelated channel.
7. Conclusions
1. In this contribution, we introduced a new codebook design approach for 8 transmit antennas. The proposed codebook has the following advantages.

2. The codebook sizes for different ranks are optimized suitable to the correlated channel characteristics.
3. The codebook performs well under dual-polarized channel as well as uncorrelated channel.

4. The codebook guarantees the properties of constant modulus, finite alphabet as well as nested calculation in codeword selection.
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