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1. Introduction

It is agreed to use two separate codebooks for Rel-10 downlink MIMO. One precoding matrix would  target frequency-selective and/or short-term channel properties, and the other would target wideband and/or long-term channel properties. One recommendation is that Rel-8 codebook is reused for rel-10 codebook, and there have been contributions which extend Rel-8 codebook to 8 array transmission antenna for Rel-10. It is likely that we use two codebooks for this purpose, and that we also need to design these codebooks to have enhanced accuracy of feedback, and to achieve more precoding gain.
2. Extension of Rel-8 codebook by Kronecker product
By using Kronecker product, we can extend Rel-8 codebook to a codebook for 8x8 MIMO as in [1]~[3] where the linear 8 transmit antenna array, 8 polarized antenna array and 4 transmit antenna array were discussed. With Kronecker product, the precoder using two PMI feedbacks can be written as
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where precoder matrix 
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 requires Rel-8 codebook based feedback, and 
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 requires long term/wideband or antenna configuration based feedback. To let the precoder 
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 for 8x8 polarized antenna array,
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for 8x8 linear antenna array,
Or 
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 for 4 transmit antenna array. 

For 8x8 linear array, more than 1 codeword is possible such as 
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Such codebook design may achieve the extension of Rel-8 codebook for various antenna configurations with certain  feedback overhead, but it would not  improve the accuracy of  Rel-10 codebook
3. Product precoder
The extended codebook can be implemented by a product of two separate  codebooks. In this case, we may need  codebooks corresponding to the size of transmit antenna array, but the accuracy enhancement could be achieved by the inner precoder 
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 to be a codebook supporting up to 8 transmit antenna array, the overall structure of precoder will be given as 
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and 
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 matrix where 
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 is the size of transmit antenna array.
We have various options for the design of  precoders. For example, the inner codebook can perform codebook transformation according to the long term or cell specific channel properties [5], or the inner precoder can performs MAI mitigation [6]. 
Inner precoder can perform codebook transition or eigen vector transition which transforms the eigen vector of physical channel to a vector which satisfies CMA property. Let us define the virtual channel which the outer precoder observes as 
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Let the eigen vector of the channel covariance matrix be 
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, and the eigen vector of the virtual channel be 
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. By the definition of eigen vector, 
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For unitary matrix 
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Therefore, for any eigen vector 
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 is an eigen vector of virtual channel covariance matrix 
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. With product precoder, eNB can transform or transition the eigen vector to a useful format by inner precoder as 
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, and the transition may enable various choices of precoder design. For example, if we design and select 
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 have a constant modulus property, then EVD-like precoding will be possible with two precoder 
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 and 
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 where the following relation exists between 
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With single CMA codebook, EVD or EVD-like precoding is practically impossible since eigen vector generally does not have CMA property. However, with dual stage codebooks, EVD-like precoding is possible and we expect better performance with dual stage approach than single stage one.
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Figure 1. Dual stage precoder for downlink MIMO

4. Conclusion 
We agreed to use two separate codebooks for Rel-10 downlink MIMO. The overall precoder matrix could be built by a Kronecker product between two precoder matrixes, or by a simple matrix product between two codebook matrixes. Rel-10 MIMO system would have two precoder matrices, and one of them would target long term or wide band channel properties, and the other target short term ones. To fulfill this requirement and also to improve the performance through enhanced accuracy, it is recommended to use matrix product approach as described in section 3. 
. 
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