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1 Introduction

The current 2 TX codebooks are indexed with 3 bits and for single layer operation it currently contain six elements [1]. Furthermore, two of these six elements are antenna selection elements and does not fulfil the constant modulus (CM) property, which is important for PA balancing and has been agreed and adopted for 4 TX codebooks. It was therefore discussed at RAN1#50 to remove the antenna selection elements from the codebook, which we agree to do. However, if the antenna selection elements are removed, the codebook does not fulfil the nested property so to keep the nested property it is discussed to remove also the identity matrix from the rank 2 codebook. 

However, the identity matrix element in the rank 2 codebook is important for proper operation of large delay CDD precoding, and should not be removed. To solve this problematic issue, we therefore suggest that the CM property is enforced but an exception is made from the nested property for the identity matrix.   

It was also discussed at RAN1#50 to reduce the 2TX codebook size to 4 elements, thereby saving one bit in the feedback signalling overhead. It shall be noted that the codebook is used for both SU and MU-MIMO and reducing the codebook size from a 3 bit to a 2 bit codebook may not have a large impact on SU-MIMO but the impact on MU-MIMO could be severe since it limits the number of MU-MIMO scheduling possibilities. We suggest to keep the working assumption of a 3 bit codebook and complete it by adding the four missing DFT vectors to the rank 1 codebook and the corresponding two DFT matrices in the rank 2 codebook. 
2 Proposal
The eight element rank 1 codebook in Table 1 is the codebook in TS 36.211 with the antenna selection elements removed and four DFT vectors are added. This codebook is used both for SU-MIMO and MU-MIMO and fulfils the CM property. The five element rank 2 codebook in Table 2 is the three element codebook in TS 36.211 completed with two more DFT matrices that follows the nested property with the rank 1 codebook.

3 Conclusion

We propose that the missing elements of the rank 1 and rank 2 codebooks for 2 TX are restored as in Table 1 and 2 below. 
4 References

[1] TS 36.211 V8.0.0, September 2007.
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Table 1 Eight element rank 1 DFT codebook indexed with 3 bits used for both SU-MIMO and MU-MIMO.
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Table 2 Five element rank 2 DFT codebook indexed with 3 bits used for SU-MIMO
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