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1. Discussion
As agreed in [1], the codebook(s) for 4 transmit antennas should be designed based on performance and complexity. In relation to the codebook design for the SU-MIMO pre-coding:

1. The Householder-based codebook design offers competitive performance and potential UE complexity reduction (see, e.g. [2-7, 11-19]). In particular, it was demonstrated that the Householder-based design offers better or at least the same performance compared to the DFT-based design in the agreed upon simulation scenarios. This gain is achieved with lower computational complexity (see, e.g. [2-4, 11-18]).
2. Low complexity codebook design can be attained by choosing the elements of each matrix/vector from a small set (see, e.g. [2, 3, 4, 8, 11-18]). Examples of the small set are the QPSK {±1, ±j} and 8PSK {±1, ±j, ±1±j } alphabet sets [3, 4, 11-18]. The use of QPSK and/or 8PSK alphabets sets avoids the need for computing matrix/vector multiplication.
3. Codebook design with constant modulus property is beneficial for avoiding unnecessary increase in PAPR (see, e.g. [3, 8]) thereby ensuring power amplifier balance.

4. The nested property across ranks is beneficial to accommodate rank override: for each pre-coder matrix in a certain rank (2, 3, or 4), there exists at least one corresponding column subset in all the codebooks of the lower ranks. This is adherent to the current working assumption. 

2. Proposed Codebook Design
Based on the above consideration, we propose the following 4-TX codebook design:
1. For each rank, the total codebook size does not exceed 16. 

2. Constant modulus Householder-based construction
3. For each of the matrices in the Householder codebook, most of the elements take value from the QPSK alphabet set {±1, ±j}. For 4 out of 16 matrices, some of the elements are taken from the 8PSK alphabet set {±1, ±j, ±1±j}.
4. The nested property is fully enforced.

5. The design achieves high chordal distances of (0.7071, 1.0, 0.7071) for rank-1, rank-2, and rank-3, respectively.

This construction fulfils the consideration in Section 1. The codebook can be specified as follows.
2.1. 4-Tx Codebook Description
Define the following:

· 
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 is the 4xN sub-matrix of the 4x4 Householder matrix 
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 associated with the column set S of length-N.
· The 16 generating vectors are tabulated below. 
Table 1. Set of generating vectors

	Vector Index
	First element
	Second element
	Third element
	Fourth Element
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The complete codebook is given as follows (each pre-coder matrix is of unit Frobenius norm).
Table 2. Set of pre-coding matrices
	Codebook index
	Rank 1
	Rank 2
	Rank 3
	Rank 4
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3. Conclusion
We propose that the codebook design given in Section 2.1 be adopted as the 4-TX codebook design for SU-MIMO. We also note that: 

· The inclusion of an additional codebook for dual-polarized antenna setups (e.g. with an underlying block diagonal structure) is FFS.
· The inclusion of larger size codebooks is FFS. 

· The use of technique to reduce the pre-coding feedback overhead (e.g. differential-based feedback) is FFS.

· Codebook subset restriction can be used to select a subset of the proposed codebook for a certain pre-coding operation. 
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