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1. Introduction
The rank 1 codebook for EB/FD-MIMO has been agreed in RAN 1 #82bis [1]. In this contribution, the codebooks for ranks 2-8 are proposed.
2. Rank 2 codebook proposal 
Following legacy design in Rel-10, the orthogonality for transmitting two layers comes from polarization domain, therefore, the detailed codebook is presented as follows.
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where the orthogonality of the two layers are ensured by cophase, and the cophase pairs of the two layers are [image: image8.png](@n. —@n) = (1,-1)
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.
The master codebook for rank 2 transmission is presented in Table 2-1.
	Table 2-1. Master codebook for Rank 2
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To illustrate, the beams indicated in Table 2-1 with [image: image60.png]
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 are shown in the following table 2-2, where the beam group includes 4 beams in the 1st dimension and 2 beams in the 2nd dimension. “X” in one block indicates one beam is selected for one layer and “XX” in one block means both layers select the same beam.
Table 2-2. Illustration of beams in rank 2 master codebook with [image: image64.png]igg =0
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According to the agreement in [2], four configurations for beam selection are agreed and no more configs are to be introduced for higher ranks. Following this principle, the rank 2 codebook is also generated from these configurations and the detailed expressions are presented in Table 2-3.

Table 2-3. Rank 2 codebook after beam selection
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	Config 1
	0-1
	(1,1)
	(1,1)

	Config 2
	0-3, 8-9,16-19,22-23, 28-31
	(2, 2)
	

	Config 3
	0-1, 4-5, 12-13, 18-21, 22-23, 24-27
	(2, 2)
	

	Config 4
	0-15
	(2, 2)
	


3. Rank 3 codebook proposal
For Rel-10 legacy rank 3 codebook, only +1 cophase is considered between the two polarizations of layer 1. However, since it is more natural to transmit multi-layer in polarization domain, in this contribution, we propose to pay more feedback loads on cophases than in the legacy design..
Since the first layer is solely mapped from one codeword, it is reasonable to select all the four cophases, which are +1,+j,-1 and -j for the first layer of rank 3 codebook as in the rank 1 codebook. 
Proposal 1: For the first layer of rank 3 codebook, besides +1 cophase, more cophases including j,-j and -1 can be considered. 
For the rest two layers, since they are mapped from the same codeword, we propose to select the same beam direction for these two layers but with opposite cophase in terms of better balanced CQI within one codeword. Therefore, the pair of cophase for these two layers can be selected as (1,-1) and (j,-j).
Proposal 2: For the second and third layers of rank 3 codebook, the same beam direction is selected with opposite cophasing. The pairs of cophase for these two layers are selected as (1,-1) and (j,-j).
The proposed codebook details are presented as follows.
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 determines the four cophases for the first layer and [image: image80.png]


 determines two cophase pairs of the rest two layers.
The master codebook for rank 3 is presented in Table 3-1.
Table 3-1. Master codebook for Rank 3
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The beams selected in the master codebook in Table 3-1 are illustrated in the following Table 3-2, where  “X” in the block indicates that the corresponding beam is selected for the first layer and “XX” in one block means that such beam is selected for the second and third layer.
Table 3-2. Illustration of beams in rank 3 master codebook with [image: image107.png]igg =0
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4 alternatives for rank 3 codebook after beam selection are given in the following Table 3-3 according to configurations and number of PMI payloads.
Table 3-3. Rank 3 codebook after beam selection
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Considering a maximum of 4 bit W2 feedback in the legacy desing, alternative 2 and 3 are preferred. Furthermore, considering consistency with rank 2 codebook where only +1 and +j cophase is considered for the first layer, alternative 2 is slightly preferred.
Proposal 3: For rank 3 codebook, Alt 2 with 2 bit cophase and 2bit W2 beam selection is preferred both considering reasonable PMI feedback payloads and cophasing consistency.
4. Rank 4 codebook proposal
For rank 4 codebook, since the first two layers are mapped from one codeword, and the rest two layers are mapped from another codeword, we also propose to follow the principles as for rank 3 codebooks to select the same beam direction for the same codeword.
Proposal 4: For rank 4 codebook, the same beam direction is selected for the two layers mapped from the same codeword, where orthogonality within the same codeword is ensured by cophasing. The pairs of cophase for these two layers are selected as (1,-1) and (j,-j).
The proposed codebook details are presented as follows.
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The master codebook for rank 4 is presented in Table 4-1.

Table 4-1. Master codebook for Rank 4
	Precoder
	[image: image158.png](ny.m;)





	[image: image160.png]


=0-3
	0
	1
	2
	3

	[image: image161.png]@
Wesisa sz sihat0 sz my




	(0,0)
	(0,1)
	(1,0)
	(1,1)

	[image: image163.png]


=4-7
	4
	5
	6
	7

	[image: image164.png]@
siuatpy sshz siatet0y sihiz m, n




	(0,0)
	(0,1)
	(1,0)
	(1,1)

	[image: image166.png]


=8-11
	8
	9
	10
	11

	[image: image167.png]@
s 1420y S2hz S at2040p Szhz m, g




	(0,0)
	(0,1)
	(1,0)
	(1,1)

	[image: image169.png]


=12-15
	12
	13
	14
	15

	[image: image170.png]@
s 14300 S2hz S atIRH0y Szha





	(0,0)
	(0,1)
	(1,0)
	(1,1)

	[image: image172.png]


=16-19
	16
	17
	18
	19

	[image: image173.png]@
Wesisa ssstes, sinst0y sshztp my ms




	(0,0)
	(0,1)
	(1,0)
	(1,1)

	[image: image175.png]


=20-23
	20
	21
	22
	23

	[image: image176.png]@
s atpy Sshatpr SihatRitO, Staztp my m




	(0,0)
	(0,1)
	(1,0)
	(1,1)

	[image: image178.png]


=24-27
	24
	25
	26
	27

	[image: image179.png]@
T P




	(0,0)
	(0,1)
	(1,0)
	(1,1)

	[image: image181.png]


=28-31
	28
	29
	30
	31

	[image: image182.png]@
Sais 14305 S2h 24P S11+30140, SHhztpr, M, g




	(0,0)
	(0,1)
	(1,0)
	(1,1)


The beams selected in the master codebook in Table 4-1 are illustrated in the following Table 4-2, where “XX” in the block indicates that such beam is selected for two layers mapped from one codeword.
Table 4-2. Illustration of beams in rank 4 master codebook with [image: image184.png]igg =0
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The rank 4 codebook after beam selection is given in the following table according to configurations and number of PMI payloads. The number of bits for beam selection can be further determined by W2 CSR.
Table 4-3. Rank 4 codebook after beam selection
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5. Rank 5-8 codebook proposal
For designing rank 5-8 codebooks, since they have relatively little impact on system performance, we propose to maintain simplicity and consistency from legacy codebooks. 
Proposal 5: Following legacy design, no W2 PMI payload is needed for rank 5-8.
Proposal 6: Only config 2 and config 4 are to be RRC configured for rank 5-8, and 
1. for Config 2, orthogonal beams in both horizontal and vertical domain can be selected;
2. for Config 4, only orthogonal beams in horizontal domain are selected.
The detailed codebooks are respectively presented in the following subsections.
5.1. Rank 5

The rank 5 codebook can be expressed as 
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5.2. Rank 6
The rank 6 codebook can be expressed as 
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5.3. Rank 7

The rank 7 codebook can be expressed as 
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5.4. Rank 8
The rank 8 codebook can be expressed as 
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	Config 2
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6. Conclusion
This contribution proposes EB/FD-MIMO codebooks for higher ranks and following proposals are made.
Proposal 1: For the first layer of rank 3 codebook, besides +1 cophase, more cophases including j,-j and -1 can be considered.
Proposal 2: For the second and third layers of rank 3 codebook, the same beam direction is selected with opposite cophasing. The pairs of cophase for these two layers are selected as (1,-1) and (j,-j).
Proposal 3: For rank 3 codebook, Alt 2 with 2 bit cophase and 2bit W2 beam selection is preferred both considering reasonable PMI feedback payloads and cophasing consistency.
Proposal 4: For rank 4 codebook, the same beam direction is selected for the two layers mapped from the same codeword, where orthogonality within the same codeword is ensured by cophasing. The pairs of cophase for these two layers are selected as (1,-1) and (j,-j).
Proposal 5: Following legacy design, no W2 PMI payload is needed for rank 5-8.
Proposal 6: Only config 2 and config 4 are to be RRC configured for rank 5-8, and 
1. for Config 2, orthogonal beams in both horizontal and vertical domain can be selected;
2. for Config 4, only orthogonal beams in horizontal domain are selected.
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