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1 Introduction
In RAN1#82bis meeting [1] a framework for the codebook design supporting class A CSI reporting was agreed. It was decided to introduce configurable codebook supporting different 1D and 2D port layouts with flexible oversampling across each dimension and four configurable grid of beams. Based on the agreed principles, rank-1 codebook proposal was defined. In this contribution we provide the remaining details of the class A codebook construction for higher transmission ranks – rank-2, rank-3 and rank-4.
2 Codebook for rank 2
Rank-2 codebook is used to facilitate PDSCH transmission from the eNB with two MIMO layers. In principle, the codebook may be designed assuming that multiplexing of the two MIMO layers is always performed using orthogonal polarizations within the same beam. Such multiplexing is expected to be useful for the propagation scenario with the LOS, where both polarization components may experience a similar propagation characteristics. However, for the NLOS propagation scenario, due to reflections the propagation characteristics for different polarizations may be different from each other. For example, some practical measurements [2] demonstrates the additional loss for the specific polarization component of the signal. The additional attenuation is explained by the different reflection coefficients for the vertical and horizontal polarization. In this case, MIMO layer multiplexing using the same beam transmission with orthogonal polarization may not be sufficient and support of the MIMO layer multiplexing using orthogonal beams should be also considered. 
The PMI for rank-2 codebook following the above principles are shown in Table 1, where the first 16 values of the W2 codebook (i2’ = 0…15) corresponds to the PMIs providing multiplexing for the two MIMO layers using the same beam, but orthogonal polarizations. The second 16 values of the W2 codebook (i2’ = 16…31) corresponds to the PMIs providing multiplexing of two MIMO layers using orthogonal beams.
Table 1: Codebook for rank-2
[image: ]
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	Config
	Selected [image: ] indices

	(s1,s2)

	Config 1
	0-1, 16-17
	(1,1)

	
	
	

	Config 2
	0-3, 8-11, 16-19, 24-27
	(2,2)

	
	
	

	Config 3
	0-1, 4-5, 10-11, 14-15, 16-17, 20-21, 26-27, 30-31
	(2,2)

	
	
	

	Config 4
	0-7, 16-23
	(2,2)

	
	
	



The PMI code-words for rank 2 codebook are obtained from the equation:
[image: ]

3 Codebook for rank 3, 4
Rank-3 and 4 codebook is used to assist precoding on PDSCH with three and four MIMO layers. In Rank-3 and 4, PMIs provides multiplexing of the MIMO layers using orthogonal polarizations and the two orthogonal beams. The orthogonality between beams in the proposed codebook is achieved by using one or both dimensions. The maximum beam spacing between orthogonal beams are O1 or O2 that corresponds to the adjacent orthogonal beams. The two orthogonal beam groups is selected by using index k, which is defined in Figure 1. 
	k
	0
	1
	2
	3

	Beam group pair
	(0,1)
	(0,2)
	(0,3)
	(1,2)


[image: ]
[bookmark: _Ref431462180]Figure 1: Orthogonal beam groups
In the antenna port layouts with two antenna ports on one of the dimension, (i.e. N1 = 2 or N2 = 2), different beams groups may generate the same set of the beams. To avoid duplicated set of the PMIs in the codebook for this case, some of the beams should be discarded by limiting the range of i1,1’ and i1,2’ indices.
[image: ] [image: ]
(a) Gains for the orthogonal beam groups					(b) Gains for the discarded orthogonal beam groups
Figure 2: Illustration of beam discarding
A similar beam discarding procedure is required when the second beam direction in the beam group becomes close to the direction which is orthogonal to the bore sight direction of the antenna array. In this case, the beam spacing between the beam groups increases, and may be subject to the attenuation by the antenna radiation pattern (see Figure 2). Those beams groups is not expected to be useful in practise, and, therefore, may be also discarded by limiting the range i1,1’ and i1,2’ indices as defined in Table 2.
Table 2: Ranges of  i1,1’ and i1,2’
	k
	0
	1
	2
	3

	A1
	
	
	
	

	A2
	
	
	
	

	
	

	




The code-words for rank-3 can be derived from the equation and by using the Table 3:

[bookmark: _Ref431465876]Table 3: Rank 3 codebook
[image: ]
	Config.
	i2’
	(s1, s2)
	(p1, p2)

	1
	0-3
	(2,2), 
	–

	2
	0-7, 16-23
	(2p1,2p1)
	(O1/2,O2/2)

	3
	0-3, 8-11, 20-23, 28-31
	(4p1,2p1)
	(O1/4,O2/2)

	4
	0-15
	(4p1,2)
	(O1/4, –)



	δ
	k

	
	1
	2
	3
	4

	δ1,1
	O1
	0
	O1
	O1

	δ1,2
	0
	O2
	O2
	0

	δ2,1
	0
	0
	0
	0

	δ2,2
	0
	0
	0
	O2



A similar principles, may be used in the design of code-words of rank-4. The PMIs of the codebook can be derived from the equation and by using the Table 4:

Table 4: Rank 4 codebook
[image: ]
	Config.
	i2’
	(s1, s2)
	(p1, p2)

	1
	0-1
	(2,2), 
	–

	2
	0-3, 8-11
	(2p1,2p1)
	(O1/2,O2/2)

	3
	0-1, 4-5, 10-11, 14-15
	(4p1,2p1)
	(O1/4,O2/2)

	4
	0-7
	(4p1,2)
	(O1/4, –)



	δ
	k

	
	1
	2
	3
	4

	δ1,1
	O1
	0
	O1
	O1

	δ1,2
	0
	O2
	O2
	0

	δ2,1
	0
	0
	0
	0

	δ2,2
	0
	0
	0
	O2



4 Summary
[bookmark: _GoBack]In this contribution we have provided codebook design for ranks 2, 3 and 4 with 12 and 16 antenna ports. 
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