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1. Introduction

Reuse of Rel-8 codebook is an attractive way of designing Rel-10 codebook since the codebook which is an extension of rel-8 codebook would inherit the same properties as Rel-8 codebook. To this end, we need to find an efficient way to extend rel-8 type codebook to 8 Tx MIMO. Since we agreed to use two separate codebooks for downlink MIMO, we would have two choices for Rel-10 codebook design reusing Rel-8 codebook. We can design the extension of Rel-8 codebook as a combination of two precoder matrices, or  as a single codebook with additional operation on the remaining codebook. This contribution details on these  possible options for Rel-8 codebook reuse. 
2. 8 Tx codebbok using Kronecker product 
Rel-10 supports both ULA and DPA at the transmitter and the receiver. Different antenna configuration would require different codebook design. For DPA, a codebook structure given in equation (1) is suggested in [1], and for ULA, a codebook structure of equation (2) is suggested in [2].
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We have a good example of implementing DPA precoder where 
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 is designed as [1],
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And the overall operation of precoder can be written as 
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The inner precoder 
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 translates 8x8 physical channel into 4x4 virtual channel, and Rel-8 type codebook could be applied for 
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For linear array antenna, the codebook suggested by [2] seems a good example about how to extent Rel-8 codebook to 8x8 MIMO 
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The precoder shown above will require the same feedback overhead with Rel-8 codebook and will satisfy all the properties which Rel-8 codebook has. And also, with the above precoder, codebook extension from 4x4 to 8x8 MIMO can be implemented with single codebook.





3. Codebook extension to 8x8 linear array antenna 


We agreed that Rel-10 codebook should support higher accuracy than Rel-8 codebook, and the accuracy enhancement would be achieved by using two codebooks. This section shows a general extension of Rel-8 codebook to 8x8 MIMO which can achieve higher accuracy using either one codebook or two codebooks. The general extension of Rel-8 codebook to 8x8 MIMO can be written as 
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 is a codeword selected from Rel-8 codebook. We expect that Rel-10 codebook would also be needed to be a unitary matrix just as Rel-8 codebook is, and with this assumption, we can make a selection rule between set of 
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 and set of 
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 for linear array antenna. To be a unitary matrix, the precoder matrix should satisfy the following equation,
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The weight of Kronecker product should satisfy following condition 
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All the possible combinations of Rel-8 codebook satisfying unitary matrix property are given at table A1. We have 9 combinations of Rel-8 codewords for 
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, and  31 possible sets of Rel-8 codewords for 
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. Note that the example of codebook for linear array antenna [2] is a specific case of 
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 and 
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We could have at maximum 
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 sized codebook, where 
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 is the number of the possible combination of 
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. Accuracy enhancement can be achieved by designing larger size codebook, or by separating the selection of 
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 and 
[image: image32.wmf]n

a

 into two codebooks. 
4. Conclusion
This contribution shows various implementation options for the extension of Rel-8 codebook for larger MIMO array. The same size codebook, larger size codebook, or implementing by two separated codebooks are also possible. 
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5. Appendix
Table A1. All the possible extension of Rel-8 codewords to 8x8 MIMO transceiver
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