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1 Introduction

The codebook(s) for 4 transmit antennas should be designed based on performance and complexity, as agreed in the previous RAN1 meeting. In [1] the following suggestion was made: “It seems clear that a set of schemes could be chosen to work adaptively together to ensure high performance over a range of conditions rather than selecting a single MIMO scheme”. We interpret this to mean that there may be wide agreement on using 2 specialized codebooks for the single polarization and dual polarization antenna cases. 
Some desirable properties of a codebook for polarized antennas 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. A large number of (rotated) block diagonal precoders in order to efficiently spread transmit power among polarizations. 
As highlighted in [2,3], the codebook in Table 1 provides additional gains in dual-polarized configurations as well as in node-B configurations with non-uniform antenna spacing. We propose to use the codebook in Table 1 for SU MIMO with 4Tx dual polarized antennas. 
Additionaly, since the node B has the flexibility to use only a subset of the codebook, we should let the node-B know which part of the codebook has the hidden (rotated) block diagonal structure, so that node-B can choose these rotated block diagonal subset when the channel condition is amenable (e.g. +/-45 dual-polarized node-B with large and small spacing in large cells). Conversely the node-B may want to pick only the non-hidden block diagonal part when the channel is favorable to the block diagonal matrices (e.g. +/-45 dual-polarized node-B with small cell or LOS, VH node-B ,…).
2 Dual Polarized Codebook
Here we propose a block diagonal DFT based codebook with {±1,±j} Alphabet. The chordal distances of rank 1,2 are optimized by diagonal matrices selection and mapping rule from matrix to transmit codebook. The codebook is partly build based on the 2Tx codebook already decided in LTE. Note that the labeling of the antennas is assumed to be such that rows 1 and 2 of the following matrices correspond to one polarization and rows 3 and 4 correspond to the other polarization.

2.1.1 Matrix codebook

Let us define the rotation matrix 
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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. The mapping given as follows in Table 4 is recommended.
Table 4 Codebook 2

	Transmit Codebook index
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	1
	W1(:,2)
	W1(:,12) 
	W1(:,123) 
	W1(:,1234) 

	2
	W1(:,3)
	W1(:,13) 
	W1(:,124) 
	W2(:,1234) 

	3
	W1(:,4)
	W1(:,14) 
	W1(:,134) 
	W3(:,1234) 

	4
	W2(:,2)
	W1(:,23) 
	W1(:,234) 
	W4(:,1234) 

	5
	W2(:,3) 
	W1(:,24) 
	W2(:,123) 
	W5(:,1234) 

	6
	W2(:,4)
	W1(:,34) 
	W2(:,124) 
	W6(:,1234) 

	7
	W3(:,1)
	W2(:,13) 
	W2(:,134) 
	n/a

	8
	W4(:,1)
	W2(:,14) 
	W2(:,234) 
	n/a

	9
	W5(:,1) 
	W2(:,23) 
	W3(:,123) 
	n/a

	10
	W5(:,2) 
	W2(:,24) 
	W3(:,134) 
	n/a

	11
	W5(:,3)

	W3(:,13) 
	W4(:,123) 
	n/a

	12
	W5(:,4) 
	W3(:,14) 
	W4(:,134) 
	n/a

	13
	W6(:,1) 
	W4(:,13) 
	W5(:,123) 
	n/a

	14
	W6(:,2) 
	W4(:,14) 
	W5(:,134) 
	n/a

	15
	W6(:,3) 
	W5(:,13) 
	W6(:,124) 
	n/a

	16
	W6(:,4) 
	W6(:,14) 
	W6(:,134) 
	n/a
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