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1. Introduction
In RAN1#82bis meeting, rank 1 codebook for CSI reporting class A has been agreed [1]. The Rel-13 class A codebook is configured with 5 RRC parameters. Besides the antenna port number values Nd and the oversampling factors Od, there are four configurations according to the parameter Config given in the following:

· Config =1: (L1,L2) = (1,1) for rank 1-2
· Config =2: (L1,L2) = (2,2) for rank 1-2 [square]

· Config =3: (L1,L2) = (2,2) for rank 1-2 [non-adjacent 2D beams/checkerboard]

· Config =4: (L1,L2) = (4,1), (1,4) for N1>=N2 and N1<N2 respectively for rank 1-2
where Ld means the number of beams in each beam group. In this contribution, we discuss the proposal for the rank 3-4 codebooks design for class A. 

2. Design principle 

Considering the Rel-12 codebook, for rank 3-4, each beam group includes four orthogonal beam pairs. For the short term codebook, either of the beam pair is selected for the three or four data layers with adequate co-phasing. For class A, each 2D beam is constructed by the Kronecker product of the beams in two dimensions. In this way, the orthogonal beam pair could be implemented in the 1st dimension, in the 2nd dimension or in both dimensions. This means for a given beam, three orthogonal beam pairs could be generated. Assuming 
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Figure 1: Beam group for rank 3-4 codebook
In the following, we propose the rank 3-4 codebook design based on the beam group given in Figure 1. For the long term codebook, four beams in the leading beam group and their corresponding orthogonal beams, which are selected from the orthogonal beam group 0 or the orthogonal beam group 1, are included. For the short term codebook, similar to the Rel-12 codebook, one orthogonal beam pair is selected within the four beam pairs.
3. Rank 3-4 codebooks
Define the following precoder parameters: 

· Beam group spacing 
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· Beam spacing 
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The grid-of-beams in both dimensions are represented by
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Then the rank 3 precoder is represented by
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And the rank 4 precoder is defined as 
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where the co-phasing factor 
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Following the Rel-13 rank 1 codebook design, four configurations can be applied to rank 3-4 codebooks. Figure 2 shows the leading beam group for each configuration, where the shadowed blocks mean the selected beams.
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(a) Config-1                                          (b) Config-2
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(c) Config-3                                          (d) Config-4

Figure 2: Configurations for rank 3-4 codebook

The orthogonal beam group 0 and 1 given in Figure 1 could be defined as two types when constructing the orthogonal beam pairs. For a given orthogonal beam group type, we will have 
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Therefore, the number of W1 is 
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 for one orthogonal beam group type. To align with the rank 1-2 codebooks, we prefer that no additional parameter should be employed to indicate the orthogonal beam group type. Reasonably, this type information could be either embedded in 
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The orthogonal beam group type to 
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 mapping is given in Table 1.
Table 1: Orthogonal beam group type mapping
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The rank 3 codebook with four configurations is defined in Table 2, where 
[image: image31.wmf]'

2

i

is selected from Table 4.
Table 2: Configurations for rank 3 codebook

	Config
	Selected 
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Similarly, the corresponding rank 4 codebook with four configurations is defined in Table 3, where 
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is selected from Table 5.
Table 3: Configurations for rank 4 codebook

	Config
	Selected 
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Table 4: Codebook table for rank 3
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Table 5: Codebook table for rank 4
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4. Discussion on the other codebook proposals
Many proposals for the rank 3-4 codebooks have been submitted by different companies. One major difference among these proposals lies in the feedback of the selected orthogonal beam group in Figure 1. According to our above discussion, the orthogonal beam group type information is fed back as part of W1 indication. While some other companies propose to incorporate this information as part of W2 feedback. Comparing these two kinds of schemes for the long term feedback, the W1 size of our proposal is larger but there are four beams included in W1. For the second kind of schemes, there may be more than four beams in W1 for the wideband feedback. As to the short term feedback, the beam pair switching between different orthogonal beam groups is enabled for the second kind of schemes. Whether it is beneficial to employ the subband orthogonal beam group switching needs further simulations.
5. Conclusions
In this contribution, we discuss the rank 3-4 codebooks design for CSI reporting class A. Following the agreed rank 1 codebook design principle, the rank 3-4 codebooks are proposed. The information about the selected orthogonal beam group is fed back as part of W1 indication. In order to align with the rank 1-2 codebooks, we prefer that no additional parameter should be employed for the rank 3-4 codebooks.
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