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1.
Introduction 

RAN1 has agreed on the way forward in [1] on feedback and codebook in the #61 Montreal meeting as below:
· A precoder W for a subband is obtained as a matrix multiplication of the two matrices (Wk , k = 1, 2) 

· Note that two codebooks need to be designed

· Note that a kronecker structure is a special case

· Note that the matrices can have block structure (e.g. block diagonal)

· Some codebook proposals may require explicit normalization
· For 8 Tx, the precoder W can take on the form of

· For rank 1, at least 16 different beams (grid of beams) for co-polarized ULA

· The beams fully utilize all PAs and each beam achieves the maximum possible array gain

· Example: DFT based precoder vectors

· For rank 1 and rank 2, at least 8 different beams (grid of beams) for each group of 4 co-polarized antennas in the closely spaced cross-polarized setup

· The beams fully utilize all PAs and each beam achieves the maximum possible array gain

· Example: DFT based precoder vectors

· Additional precoders are not precluded
In this contribution, we discuss the 2 stage 8Tx codebook issues for different antenna configurations. One codebook structure employed for all kinds of antenna configurations is suggested.
2. Two stage 8 Tx codebook
Following the agreement, the overall precoder is thus formed as
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and, it is now easy to see from
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the inner, 
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precoder matrix 
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, serves to created a new effective and improved 
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 for the outer 
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 to work on. It should be noted that the number of virtual antennas
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 is much smaller than the number of antenna ports 
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2.1. Inner precoder
Since the inner precoder is closer to the MIMO channel than the outer precoder, its optimization is highly related to the antenna configuration. In [2], several possible 8Tx antenna configurations are discussed. The common case of 8Tx antenna configuration is an array of closely spaced cross-poles as X X X X. However, as proposed in [2], since two closely-spaced X-pol antennas will not be problematic in higher frequencies, widely-spaced sets of closely-spaced columns, i.e. X X      X X, can also be a useful configuration. For the codebook design, it is desirable that one codebook is employed for all kinds of antenna configurations.
Considering the common case of an array of closely spaced cross-poles, the antennas can then be divided into two groups based on polarization and the corresponding channels are denoted by 
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, respectively. It is well known that “beams” can be achieved for closely spaced antenna arrays by using DFT vectors. Since the correlation is high within the antenna group, it makes sense to use a grid of beam codebook implemented from 4 by 1 DFT based precoder vectors. This structure is well-suited for efficiently supporting common antenna setups such as closely spaced cross-poles. However, with this codebook, the effective channel would reduce to having only two virtual antennas. In this case, the maximum rank that can be achieved would be 2.
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Figure 1 inner precoder for the widely-spaced sets of closely-spaced columns with 4 beams by DFT vector
For the widely-spaced sets of closely-spaced columns, the 8 Tx antennas can be divided in to 4 groups as shown in figure 1. Inside each group, the two antennas have high correlation. Different groups have either wide spacing or different polarization direction, so that the correlation is low among different groups. For each group, it makes sense to use a grid of beam codebook implemented from 2 by 1 DFT based precoder vectors. Thus, there would be total 4 beams in inner precoder. The proposed inner precoder 
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 has a block diagonal structure as follows:
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where 
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 is 2 by 1 DFT vector.

In this case, the maximum rank that can be achieved is 4 which would increase the peak data rate. Considering all the antenna configurations, it’s better to have rank as high as impossible by inner precoder. For different antenna configurations, proper outer precoder with different rank can be selected for better performance.
2.2. Outer precoder 

For the outer precoder, we could reuse the 4 Tx Rel-8 codebook. The outer precoder, 
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, adjusts the relative phase shift between polarizations, so that the rank 1 to rank of  4 Tx Rel-8 codebook could be re-used. The rank 1 case can also be made to be suited for the closely spaced co-polarized ULA. Rank 2 codebook is suited for the antenna configuration of closely spaced cross-poles as X X X X.  For the widely-spaced sets of closely-spaced columns as X X     X X, there is higher possibility to employ rank 3 and rank 4 codebooks to increase the data rate. 
3
Conclusion
In this contribution, we discussed the 2 stage 8 Tx codebook issues for different antenna configurations. We suggest that for all the antenna configurations, the inner precoder is made up of 4 beams with block diagonal structure. As to the outer precoder, we could reuse the 4 Tx Rel-8 codebook so that up to rank 4 transmissions could be supported. 
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