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1 Introduction

The codebook(s) for 4 transmit antennas should be designed based on performance and complexity, as agreed.
Some desirable properties of the codebook are:

1. Low complexity codebook design can be attained by choosing the elements of each matrix/vector from a small set. An example of the small set is the 4-alphabet size {±1, ±j}. This avoids the need for computing matrix multiplication.

2. Codebook design with constant modulus property is beneficial for avoiding unnecessary increase in PAPR.
3. Including the identity matrix codebook (physical antenna selection) may be beneficial in some scenarios. 
We propose to use the codebook in Table 2 for SU MIMO with 4TX single polarized antennas, that has all these properties. The codebook for dual polarized antennas is FFS.
2 Codebook
We propose a DFT based codebook with {±1,±j} Alphabet. The chordal distances of rank1/2/3 are optimized by diagonal matrices selection and mapping rule from matrix to transmit codebook.

2.1.1 Matrix codebook

Matrix 1: 
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Matrix 2: 
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Matrix 3: 
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Matrix 4: 
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2.1.2 Mapping from Matrix codebook to transmit codebook

Rank adaptation should be used to improve the communication quality of low geometry UEs. Consequently, we need a rule to map from square matrix codebook to transmit codebook (vector, or vector pairs) to incorporate rank adaptation technology. We propose the mapping rule in Table 2.
Table 2 Codebook 1

	Transmit Codebook index
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	1
	Matrix1, column 1
	Matrix1, column {1,2}
	Matrix1, column {1,2,3}
	Matrix1

	2
	Matrix1, column 2
	Matrix1, column {1,3}
	Matrix1, column {1,2,4}
	Matrix2

	3
	Matrix1, column 3
	Matrix1, column {1,4}
	Matrix1, column {1,3,4}
	Matrix3

	4
	Matrix1, column 4
	Matrix1, column {2,3}
	Matrix1, column {2,3,4}
	Matrix4

	5
	Matrix2, column 1
	Matrix1, column {2,4}
	Matrix2, column {1,2,3}
	n/a

	6
	Matrix2, column 2
	Matrix1, column {3,4}
	Matrix2, column {1,2,4}
	n/a

	7
	Matrix2, column 3
	Matrix2, column {1,2}
	Matrix2, column {1,3,4}
	n/a

	8
	Matrix2, column 4
	Matrix2, column {1,3}
	Matrix2, column {2,3,4}
	n/a

	9
	Matrix3, column 1
	Matrix2, column {1,4}
	Matrix3, column {1,2,3}
	n/a

	10
	Matrix3, column 2
	Matrix2, column {2,3}
	Matrix3, column {1,2,4}
	n/a

	11
	Matrix3, column 3

	Matrix2, column {2,4}
	Matrix3, column {1,3,4}
	n/a

	12
	Matrix3, column 4
	Matrix2, column {3,4}
	Matrix3, column {2,3,4}
	n/a

	13
	Matrix4, column 1
	Matrix3, column {1,3}
	Matrix4, column {1,2,3}
	n/a

	14
	Matrix4, column 2
	Matrix3, column {2,4}
	Matrix4, column {1,2,4}
	n/a

	15
	Matrix4, column 3
	Matrix4, column {1,2}
	Matrix4, column {1,3,4}
	n/a

	16
	Matrix4, column 4
	Matrix4, column {1,3}
	Matrix4, column {2,3,4}
	n/a
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