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1 Introduction
In RAN1#82, the following codebook construction is agreed in R1-154861 [1].
For each of [8], 12 and 16 Tx ports, a precoding m[image: image2.png]atrix W



 in the codebook is represented as:
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 is a N1xL1 matrix with L1 column vectors being an O1x oversampled DFT vector of length N1: [image: image12.png]
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 is a N2xL2 matrix with L2 column vectors being an O2x oversampled DFT vector of length N2: [image: image16.png]v, 2t
1 eNz0z





· N1  and N2 are the numbers of antenna ports per pol in 1st and 2nd dim.
· FFS whether to select different beams (e.g. different X1 or X2) for the two pols
· FFS column selection from KP applied to W1
A first alternative to construct such a codebook is:  
· Tall, [square] and wide arrays are supported with a single codebook for each of [8], 12 and 16 CSI-RS ports
· For PUSCH and PUCCH reporting, a codebook subset can be separately selected via RRC signaling of codebook subset selection parameters or a bitmap
· FFS beam subset selection/restriction and related mechanism
· FFS which and how the parameters (in Table 1) are related/configured

A second alternative to construct such a codebook is:
· Tall, [square] and wide port layouts are supported with parameters N1, N2 
· Values of N1 and N2 are RRC signaled
· The parameters (in Table 1) define the codebook
· Configurable oversampling factors, RRC signaled, values FFS
· Other parameters are to be determined
· FFS beam subset selection/restriction and related mechanism

Table 1 Codebook parameters
	Parameter per dimension
	Remark

	Oversampling factors Od
	Determines total number of beams Qd = Od · Nd, d = 1,2  in the codebook.

	Beam group spacing
	Difference of the leading beam indices of two adjacent beam groups

	Number of beams in each beam group
	May depend on rank and/or W1

	Beam spacing
	Difference of two adjacent beam indices in each beam group


A few proposals for the pre-coder and PMI construction are also agreed in [2]. This contribution proposes rank 3-8 FD-MIMO codebooks for 12 and 16 ports according to the abovementioned agreed FD-MIMO codebook design alternatives and proposals. 

2 Rank 3-4 Codebooks 
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Figure 1: Rank 3-4 orthogonal beam pairs for 2 antenna ports in shorter dimension

For rank 3-4 codebooks, we need to consider orthogonal beam pairs. Similar to the rank 1-2 codebook proposal [5], for rank 3-4 codebook design, we consider a master “leading” beam group of size (L1,L2)  = (4,2), which comprises of 4 beams at beam spacing p1 in the 1st (longer) dimension and 2 beams at beam spacing p2 in the 2nd (longer) dimension. Starting from this master leading beam group, the rank 3-4 orthogonal beam pairs are constructed. Although there are many different ways to construct orthogonal beam pairs, e.g., orthogonal beam pairs may be in any of 1st dimension, 2nd dimension, diagonal up, diagonal down or other directions, for the simplicity of codebook design, only physically more likely orthogonal beam pairs should be considered in rank 3-4 codebook design. Since in the real scenarios orthogonal beam pairs are more likely to be in the 1st (longer) dimension as it has larger number of antenna ports than the 2nd dimension, it is proposed to construct rank 3-4 orthogonal beam pairs along the 1st dimension (Orthogonal beam type 0), and along the diagonal up (Orthogonal beam type 1). 

An illustration of the two orthogonal beam types is shown in Figure 1. The top of the figure shows the master beam group which comprises of the leading beams {b0} of the group of orthogonal beam pairs {(b0,b1)}, where
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. The orthogonal beams {b1} of the orthogonal pairs are determined dependent upon the orthogonal beam type. Two example orthogonal beam types are:

· Orthogonal beam type 0: This pair is constructed by considering beams that are orthogonal to the leading beams in the 1st (longer) dimension only.  According to this construction, the orthogonal beams are
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· Orthogonal beam type 1: This pair is constructed by considering beams that are orthogonal to the leading beams in both 1st (longer) and 2nd (shorter) dimensions. According to this construction, the orthogonal beams are
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It is proposed that the orthogonal beam type is reported by the UE in the CSI report. Since orthogonal beam type is a WB and long-term characteristics of the channel, it is further proposed that it is reported together with i1 (i1,1 and i1,2) in case of PUCCH reporting and the UE reports one orthogonal beam type for whole (set S) SBs in case of PUSCH reporting.
Proposal 1: For rank 3-4 codebooks, an orthogonal beam type selected from Orthogonal beam type 0 and Orthogonal beam type 1 is reported by the UE together with i1 (i1,1 and i1,2) in case of PUCCH reporting and the UE reports one orthogonal beam type for whole (set S) SBs in case of PUSCH reporting.
A single rank 3-4 codebooks tables are constructed for both orthogonal beam types. Table 3 and Table 4

 REF _Ref428991536 \h 
 \* MERGEFORMAT  show the rank 3-4 codebook tables that can be used for any of Q = 8, 12, and 16 antenna port configurations, wherein 
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Table 2: Orthogonal beam type to (
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	Orthogonal beam type 0
	O1
	0

	Orthogonal beam type 1
	O1
	O2


Table 3: Master codebook for 3 layer CSI reporting 
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Table 4: Master codebook for 4 layer CSI reporting 
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The codebook parameters in the first (longer) dimension are legacy (Rel10 8-Tx) parameters, i.e., O1 = 8, L1 = 4, s1 = 8, p1 = 2, and i1,1 = 0 – 3. In the second (shorter) dimension, the parameters are O2 = 8, L2 = 2, s1 = 4, p2 = 2, and i1,2 = 0 – 3. According to this construction, numbers of bits to be reported for W1 in the proposed rank 3 and rank 4 codebooks is 4 bits, and that to be reported for W2 is 5 bits for rank-3 and 4 bits for rank-4 codebooks. This results in total 9 bits payload for the rank-3 codebook and 8 bits payload for the rank 4 codebook.
Proposal 2: 
· Adopt rank 3 and rank 4 codebooks in Table 3 and Table 4, REF _Ref428991536 \h 
 \* MERGEFORMAT  respectively with the leading beam group of size (L1, L2) = (4,2) and the delta table in Table 2. 
· In the longer dimension, the legacy parameters are used: O1 = 8, s1 = 8, p1 = 2, and i1,1 = 0 – 3.

· In the shorter dimension, the parameters used are: O2 = 8, s2 = 4, p2 = 2, and i1,2 = 0 – 3.
Codebook Subset Selection
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Figure 2: An illustration of beam grouping schemes for rank 3-4 i2

Similar to rank 1-2 codebook proposal in [5], to reduce the number of bits to indicate i2, a UE is configured via RRC with one beam group (BG) out of a set of beam groups {BG0, BG1, BG2}, which is according to Table 5, where 

· Beam Group 0 (BG0) corresponds to a beam group when (L1,L2) = (4,1) is configured and the selected beams are in the 1st dimension only; 

· Beam Group 1 (BG1) corresponds to a beam group when (L1,L2) = (2,2) - square is configured and the selected beams form a square; and

· Beam Group 2 (BG2) corresponds to a beam group when (L1,L2) = (2,2) - checker board is configured and the selected beams form a checker board. 

Table 5: Beam groups for CSS

	Beam group or subset selection
	(L1, L2) for rank 3-4

	BG0
	(4,1)

	BG1
	(2,2) - “square”

	BG2
	(2,2) - “checker board”


Figure 2 illustrates the three BGs. The shaded (gray) and pattern squares (with colors) represent the beams that form a beam group and are obtained after beam selection and the white squares represent the beams that are not included in the beam group  Depending on the configured BG, a UE selects a subset of 
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  indices in Table 3 and Table 4 in order to derive the rank 3-4 codebooks for the PMI calculation. Table 6 and Table 7 respectively show selected rank 3-4 
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  indices determined dependent upon a selected beam group.

Table 6: Selected 
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  indices for rank-3 CSI reporting (in Table 3)
	Beam Group
	Selected 
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 indices

	0
	0 - 15

	1
	0 - 7, 16 - 23

	2
	0 – 3, 8 – 11, 20 – 23, 28 – 31


Table 7: Selected 
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i

¢

  indices for rank-4 CSI reporting (in Table 4 REF _Ref428991536 \h 
)
	Beam Group
	Selected 
[image: image70.wmf]2
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 indices

	0
	0 – 7

	1
	0 - 3, 8 – 11

	2
	0 – 1, 4 – 5, 10 – 11, 14 – 15


Proposal 3: 

· CSS should be configured so as to reduce number of PMI bits to be reported.

· A UE is configured with a beam group from a set of beam groups, {BG0, BG1, BG2}, according to  REF _Ref430804260 \h 
 \* MERGEFORMAT  .
· A beam group is configured with a CSS configuration via RRC.
3 Rank 5-8 Codebooks
In the above-mentioned rank3-4 codebook, the “leading” beam grouping of size (L1,L​) = (4,2) is considered to capture SB variations in the channel. For rank 5-8 codebooks, however, such a beam grouping may not be necessary because it may not give performance gain. It is therefore proposed that beam grouping is not considered for rank 5-8 codebooks. This is similar to the legacy Rel10 8-Tx rank 5-8 codebook in which rank 5-8 codebooks do not have beam grouping. 

Proposal 4: For rank 5-8 codebook design, beam grouping to capture SB variations in the channel should not be considered.
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Figure 3: Rank 5-8 orthogonal beam combinations

As shown in Figure 3, the rank 5-8 master codebooks are constructed based on the 2D orthogonal beam grid, which comprises of the orthogonal beams (b0,b1), where 
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.. Starting from this 2D orthogonal beam grid, orthogonal beam combinations for rank 5-8 precoding matrices are constructed based upon the orthogonal beam types. An illustration of example orthogonal beam types is shown in Figure 3. Two orthogonal beam types that is likely to show up in practice according to the propagation channel characteristics are:

· Orthogonal beam type 0: This pair is constructed by considering 4 beams that are orthogonal in the first (longer) dimension only.  According to this construction, the orthogonal beams are 
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· Orthogonal beam type 1: This pair is constructed by considering 4 beams that are orthogonal in both first (longer) and second (shorter) dimensions and that form a checker pattern. According to this construction, the orthogonal beams are 
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Similar to rank 3-4 codebooks, a UE reports a rank 5-8 orthogonal beam type to the eNB. This indication is WB and long-term. In this case, the UE reports one orthogonal beam type for whole (set S) SBs in case of PUSCH reporting. In case of PUCCH reporting, this information is reported together with i1 (i11 and i12).
Proposal 5: A rank 5-8 orthogonal beam group type is reported by the UE WB together with i1 (i11 and i12) in case of PUCCH reporting, and one orthogonal beam type for whole (set S) SBs is reported in case of PUSCH reporting.
Table 8: Orthogonal beam type to (
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	Orthogonal beam type 0
	O1
	0
	2O1
	0
	3O1
	0

	Orthogonal beam type 1
	O1
	O2
	2O1
	0
	3O1
	O2


For rank 5-8, the precoding matrices are determined according to the orthogonal beam type and Table 8 as in the following:
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Table 9: Codebook for r = {5,6,7,8} layer CSI reporting for a given 
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The codebook parameters in the first (longer) dimension are legacy (Rel10 8-Tx) parameters, i.e., O1 = 8, s1 = 2, and i1,1 = 0 – 3 for rank 5 – 7 and i1,1 = 0 for rank 8. In the second (shorter) dimension, the parameters are O2 = 8, s1 = 2, and i1,2 = 0 – 3 for rank 5 – 7 and i1,2 = 0 for rank 8. According to this construction, numbers of bits to be reported for W1 in the proposed rank 5-7 codebooks is 4 bits and rank-8 codebook is 0 bit, and that to be reported for W2 is 0 bit for rank all 5-8.  
Proposal 6: 

· Adopt rank 5-8 codebooks in  REF _Ref429010597 \h 
 \* MERGEFORMAT Table 9 with the delta table in Table 8.
· In the longer dimension, the legacy parameters are used: O1 = 8, s1 = 2, and i1,1 = 0 – 3 for rank 5 – 7 and i1,1 = 0 for rank 8.
· In the shorter dimension, the parameters used are: O2 = 8, s1 = 2, and i1,2 = 0 – 3 for rank 5 – 7 and i1,2 = 0 for rank 8.
4 Conclusion
This contribution has showed our views on the rank 3-8 codebook design, and has made the following proposals:
Proposal 1: For rank 3-4 codebooks, an orthogonal beam type selected from Orthogonal beam type 0 and Orthogonal beam type 1 is reported by the UE together with i1 (i1,1 and i1,2) in case of PUCCH reporting and the UE reports one orthogonal beam type for whole (set S) SBs in case of PUSCH reporting.

Proposal 2: 

· Adopt rank 3 and rank 4 codebooks in Table 3 and Table 4, REF _Ref428991536 \h 
 \* MERGEFORMAT  respectively with the leading beam group of size (L1, L2) = (4,2) and the delta table in Table 2.
· In the longer dimension, the legacy parameters are used: O1 = 8, s1 = 8, p1 = 2, and i1,1 = 0 – 3.

· In the shorter dimension, the parameters used are: O2 = 8, s2 = 4, p2 = 2, and i1,2 = 0 – 3.
Proposal 3: 

· CSS should be configured so as to reduce number of PMI bits to be reported.

· A UE is configured with a beam group from a set of beam groups, {BG0, BG1, BG2}, according to  REF _Ref430804260 \h 
 \* MERGEFORMAT  .
· A beam group is configured with a CSS configuration via RRC.
Proposal 4: For rank 5-8 codebook design, beam grouping to capture SB variations in the channel should not be considered.
Proposal 5: A rank 5-8 orthogonal beam group type is reported by the UE WB together with i1 (i11 and i12) in case of PUCCH reporting, and one orthogonal beam type for whole (set S) SBs is reported in case of PUSCH reporting.
Proposal 6: 

· Adopt rank 5-8 codebooks in Table 9 with the delta table in Table 8.
· In the longer dimension, the legacy parameters are used: O1 = 8, s1 = 2, and i1,1 = 0 – 3 for rank 5 – 7 and i1,1 = 0 for rank 8.
· In the shorter dimension, the parameters used are: O2 = 8, s1 = 2, and i1,2 = 0 – 3 for rank 5 – 7 and i1,2 = 0 for rank 8.
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