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1 Introduction
In TR 36.913, it is stated that LTE-Advanced should support downlink peak data rate of 1 Gbps and downlink peak spectrum efficiency of 30 bps/Hz [1]. The 1 Gbps peak data rate can be achieved by increasing the transmission bandwidth to 100 MHz through carrier aggregation (CA) as well as 4 layer transmission. However, in order to achieve 30 bps/Hz peak spectrum efficiency, 8-Tx antenna MIMO transmission with a maximum of eight layers is required.
It has been known that the codebook based precoding MIMO can provide significant spectral efficiency gain in the downlink closed-loop MIMO. In current LTE Rel.8, 4-Tx codebook based closed-loop MIMO precoding is supported, while a new codebook is desirable for 8-Tx LTE-A MIMO systems. It is pointed out in [2] that the 4-dimensional Householder reflection is a special case where the constant modulus property is preserved. However, no constant modulus codebook can be generated with Householder transformation for 8-Tx MIMO. Consequently, new codebook methodology is required for LTE-A.
In this contribution, a new 8-Tx codebook design method is proposed based on the 4-Tx codebook in LTE Rel.8, which preserves a lot of good properties.
2 8-Tx Codebook Design for LTE-A System
The first step is to decide the codebook size for LTE-A. It is clear that the larger the size is, the better the performance will be. However, considering the signaling overhead of CQI/PMI/RI, we set 4 bit codebook to be the base line of our design. Hence, we can re-use the 4-bit PMI feedback structure designed for LTE 4-Tx codebook.
1) Rank 2 4 6 8 codebooks
The main idea of this contribution is to design a new codebook for LTE-A based on the LTE Rel.8 Householder (HH) codebook. Using kronecker product, we can extent the 4-Tx codebook to 8-Tx codebook while all of the good properties, such as nesting, finite alphabet, unitary and CM, are retained naturally. 

As a beginning, the 8-Tx even rank (rank 2, 4, 6 or 8) codebooks are generated utilizing the Rel.8 HH codebook. Define 
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With the kronecker product of 
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 and Rel.8 HH codewords, we have
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where 
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represent the 8-Tx codewords of rank n (2,4,6,8), number from 0~15 and 
[image: image9.wmf]/2

n

i

A

 is chosen from the matrices of rank 
[image: image10.wmf]2

n

 codebook in LTE Rel.8. In addition, the factor 2 makes sure that the overall transmission power is normalized to 1.
2) Rank 1 3 5 7 codebooks
Sequentially, the odd rank codebooks are generated based on the codebooks of rank-2, 4, 6 or 8. Having the nested property in mind, codebooks for rank 1, 3, 5 and 7 are obtained by selecting the sub-matrices from the rank 2 4 6 8 codebooks respectively. Therefore, one column will be deleted from the rank n (n=2, 4, 6 or 8) codewords so as to generate the rank n-1 codewords. The selected column which is to be deleted should not be included in rank n-2 codewords in order to retain the nested property. Consequently, there are two choices for each even rank codeword: “delete the smaller column” or “delete the larger column”. We choose to delete the “larger” column. For example, according to index 1 in table 1, rank 8 codeword is composed by 12345678 while rank 6 codeword is composed by 124568. Accordingly，only Column 3 or 7 may be deleted and in this contribution, Column 7 is actually deleted. Ultimately, rank 7 codeword is composed by 1234568.
In addition, the transmission power of the precoding matrices should be normalized, as (3). Therefore, the selected matrices should be multiplied by a normalization factor
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Observations:

· One of the most important advantages of the proposed codebook is the backward compatibility with the LTE Rel.8 codebook and all of the 4-Tx HH codewords in Rel.8 are reused.
· All of the good properties including nesting, finite alphabet, unitary and constant modulus, are retained, which means that the codebook can avoid the power amplifier (PA) imbalance and keep the CQI calculation and codeword selection in a low computational complexity. Similar codebooks includes the Samsung and ZTE codebook [4][5]. Some codebook does not obey these rules in order to achieve better performance, for example Huawei codebook [6] and Motorola codebook [7]. However, the tradeoff of the performance improvement and the increasing computational complexity should be reconsidered.
· Unlike other proposals such as ZTE and Samsung which generate the rank 8 codebook first before the rest of other rank codebooks, we create the even rank codebooks first which is the basis of the odd rank codebooks. 
· Appendix 1 lists the whole codebook of each rank.
3 Conclusion

In this contribution, we introduce a brand new 8-Tx codebook for LTE-A systems which is based on the LTE Rel.8 4-Tx HH codebook and inherits all of the good properties. Our initial simulation results are given in [8]. The further simulation will be provided once the ongoing evaluation assumption discussion is determined. 
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Appendix 1: A specification of codebook design
In this section, we provide the specification of the proposed codebook. As the aforementioned method, even rank codebooks should be generated first as the basis of the odd rank codebooks. Now according to the proposed scheme, we describe the final result codebook as in table 2 in the system practice point of view. That is, UE and eNB only need to store the rank 8 codebook and the codebooks of other ranks can be calculated according to table 2 with nested property. Consequently, no paradox exits between table 2 and section 2.
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 where the rank is 4. The final codebook can be represented as table 2.
Table 2 8-Tx codebook design
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