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Introduction
In RAN1#89, the following agreement about Type I and Type II CSI codebooks proposed in [2] was made.
	Agreements:
· Slides 4 to 24 in R1-1709232 are agreed
· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details
· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers


In this contribution, the remaining details about Type II CSI codebook are discussed.        
1 
[bookmark: _Ref446598642]Type II CSI Codebook
The slide 22 of the agreed way forward [2] is copied below.
	[image: ]
(*) Note: 
· K=4, 4, and 6 for L=2, 3, and 4, respectively
· In this example (for illustrative purposes), it is assumed that all . The PMI payload is reduced when . Details FFS.
(**) Note: It is FFS if beam selection is signaled jointly using  bits vs. independently using  bits per beam; only one approach will be specified. This example uses  bits to calculate total WB payload and total payload.



There are two FFS items for Type II codebook. The first item (highlighted in blue) is about the details of the PMI payload reduction when the reported WB amplitude . The PMI comprises a first (WB) PMI i1 and a second (SB) PMI i2. The first PMI i1 = [i1,1, i1,2, i1,3, i1,4] comprises two layer-common components, orthogonal basis set (indicated using index i1,1 indicating the rotation factors (q1, q2)) and L beam selection (indicated using index i1,2, details are provided later), and two layer-specific components, strongest coefficient (indicated using index i1,3) and WB amplitudes (indicated using index i1,4). The indices i1,3 and i1,4 can be expressed further as  and  The second PMI i2 = [i2,1, i2,2] comprises two layer-specific components, SB phase indicated using index i2,1 and SB amplitude (if configured) indicated using index i2,2, which can expressed as  and   

The payload of first PMI i1 is fixed and that of second PMI i2 varies depending on the number of layers (RI) and the number of reported non-zero WB amplitudes. 
· If SB amplitude reporting is turned OFF (WB-only amplitude), i2,2 is not reported and i2,1 indicates SB phases  for coefficients with reported. The SB phases  for coefficients with reported  are not reported.  
· If SB amplitude reporting is turned ON (WB+SB amplitude), 
·  indicates SB phases  using a -PSK phase codebook for the  strongest coefficients and using a QPSK phase codebook for the  weakest non-zero coefficients, and the SB phase for the remaining  coefficients are not reported; and 
·  indicates SB amplitudes  for the  strongest coefficients, and the SB amplitudes for the remaining  coefficients are not reported,
where 
· Z{2, 3} (slide 21 of agreed WF [2]),
·  for RI = 1 and  for RI = 2,
· M = number of non-zero WB amplitudes, i.e., , and
· , where K = 4, 4, and 6 for L = 2, 3, and 4, respectively (slide 21 of agreed WF [2]).

According to the agreement [2], “The (K–1) leading coefficients are determined implicitly from reported (2L–1) WB amplitude coefficients per layer without additional signaling.” Since M can be smaller than K, the number of coefficients in the stronger group is  Therefore, the stronger group comprises N coefficients and the weaker group comprises remaining M – N coefficients and the two groups are determined based on implicit ordering of the reported WB amplitudes without additional signaling (according to the agreement [2]). To resolve the case when two reported WB amplitudes are identical, the following simple rule is used. 
· When two elements,  and , of the reported WB amplitudes are identical (), then the element  is prioritized to be included in the set of the  strongest coefficients for  and  reporting.
We make the following proposal.

Proposal 1: For Type II CSI reporting, the payload of first PMI i1 is fixed and that of second PMI i2 varies depending on the number of layers (RI) and the number of reported non-zero WB amplitudes. 
· If SB amplitude reporting is turned OFF (WB-only amplitude), i2,2 is not reported and i2,1 indicates SB phases  for coefficients with. The SB phases  for coefficients with  are not reported.  
· If SB amplitude reporting is turned ON (WB+SB amplitude),  
·  indicates SB phases  using a -PSK phase codebook for the  strongest coefficients and using a QPSK phase codebook for the  weakest non-zero coefficients, and the SB phase for the remaining  coefficients are not reported;
·  indicates SB amplitudes  for the  strongest coefficients; the SB amplitudes for the remaining  coefficients are not reported,
where 
· Z{2, 3} (slide 21 of agreed WF [2])
·  for RI = 1 and  for RI = 2
· M = number of non-zero WB amplitudes, i.e., , and
· , where K = 4, 4, and 6 for L = 2, 3, and 4, respectively (slide 21 of agreed WF [2]).
The grouping of 2L coefficients into two groups, the stronger group comprising N coefficients and the weaker group comprising M – N coefficients, is determined based on implicit ordering of the reported WB amplitudes without additional signaling (according to the agreement [2]).
· When two elements,  and , of the reported WB amplitudes are identical, then the element  is prioritized to be included in the set of the  strongest coefficients for  and  reporting.

The second FFS item (highlighted in blue) is about the reporting of L selected beams. Two alternatives for beam reporting are as follows. 
· Joint: this requires  bits signaling to report L beams.
· Independent: this requires  bits signaling to report L beams.
Table 1 summarizes the additional overhead of independent beam reporting over joint beam reporting. Since the independent beam reporting requires up to 8 additional bits, which is large, we propose joint reporting of L beams.  

[bookmark: _Ref485209082]Table 1: Additional overhead of independent over joint beam reporting
	
	N1N2

	
	2
	4
	6
	8
	12
	16

	L
	2
	0
	1
	2
	1
	1
	1

	
	3
	0
	4
	4
	3
	4
	2

	
	4
	0
	0
	8
	5
	7
	5








Let  indicates the i-th beam in the selected orthogonal basis set. The beam indices  for  are reported jointly using , hence , and  




The corresponding DFT beam in the oversampled DFT codebook is given by (,) where

.




Beam numbering: To report L out N1N2 beam selection, N1N2 beams are sorted (numbered) seqentially 0 to N1N2 – 1 first in the 1st dimension and then in the 2nd dimension. For a given beam , the sorted beam index  is given by .  An illustration of the beam sorting (numbering) scheme is shown in Figure 1.


[bookmark: _Ref489523442]Figure 1: Beam sorting (numbering) for (N1, N2) = (4, 4) and 


Beam reporting: similar to the proposal in [3], the sorted L beams, , can be reported according to the combinatorial numbering system,

,









where  if  and  if , where . The combinatorial coefficients  is stored in a table for all  and  so that the UE/gNB does not need to compute these coefficients to report/retrieve L beams using . An example table is shown in Table 2. 
· 

For a given , the first L columns, i.e., column 1 to column L are used, which corresponds to columns in the table. 
· 



For a given , the first  rows, i.e., row 1 to row  are used, which correspond to rows  in the table. 


The mapping of  to  and vice-versa is performed as explained in Table 3.

[bookmark: _Ref489542924]Table 2: Combinatorial coefficients 
	



	1
	2
	3
	4

	0
	0
	0
	0
	0

	1
	1
	0
	0
	0

	2
	2
	1
	0
	0

	3
	3
	3
	1
	0

	4
	4
	6
	4
	1

	5
	5
	10
	10
	5

	6
	6
	15
	20
	15

	7
	7
	21
	35
	35

	8
	8
	28
	56
	70

	9
	9
	36
	84
	126

	10
	10
	45
	120
	210

	11
	11
	55
	165
	330

	12
	12
	66
	220
	495

	13
	13
	78
	286
	715

	14
	14
	91
	364
	1001

	15
	15
	105
	455
	1365





[bookmark: _Ref489971333]Table 3: mapping L beams  to  and vice-versa
	

 to  mapping:



Step 1: (beam numbering) for ,   ( increases as i increases)


Step 2:  to  mapping
· 
Iterate over , 
· 


obtain  using Table 2, where  and  
· 
.

	

 to  mapping:


Step 1:  to  mapping
· 
Initialize 
· 
Iterate over ,
· 




Using Table 2, find the largest  such that  where ; let  be the corresponding largest  
· 

· 

· 




Step 2: for ,  and 



Proposal 2: For Type II CSI reporting,
· 
L beam selection is reported jointly using.
· 
Table 2 is used to map L beams to  and vice-versa.
· 

For a given , the first L columns which corresponds to columns in Table 2 are used.
· 


For a given , the first  rows which correspond to rows  in Table 2 are used. 
· 
The mapping of L beams to  and vice-versa is according to the method in Table 3.

Conclusions
In this contribution, the remaining details about Type II CSI codebook are discussed. The proposals and observations made are summarized as follows. 
Proposal 1: For Type II CSI reporting, the payload of first PMI i1 is fixed and that of second PMI i2 varies depending on the number of layers (RI) and the number of reported non-zero WB amplitudes. 
· If SB amplitude reporting is turned OFF (WB-only amplitude), i2,2 is not reported and i2,1 indicates SB phases  for coefficients with. The SB phases  for coefficients with  are not reported.  
· If SB amplitude reporting is turned ON (WB+SB amplitude),  
·  indicates SB phases  using a -PSK phase codebook for the  strongest coefficients and using a QPSK phase codebook for the  weakest non-zero coefficients, and the SB phase for the remaining  coefficients are not reported;
·  indicates SB amplitudes  for the  strongest coefficients; the SB amplitudes for the remaining  coefficients are not reported,
where 
· Z{2, 3} (slide 21 of agreed WF [2])
·  for RI = 1 and  for RI = 2
· M = number of non-zero WB amplitudes, i.e., , and
· , where K = 4, 4, and 6 for L = 2, 3, and 4, respectively (slide 21 of agreed WF [2]).
The grouping of 2L coefficients into two groups, the stronger group comprising N coefficients and the weaker group comprising M – N coefficients, is determined based on implicit ordering of the reported WB amplitudes without additional signaling (according to the agreement [2]).
· When two elements,  and , of the reported WB amplitudes are identical, then the element  is prioritized to be included in the set of the  strongest coefficients for  and  reporting.
Proposal 2: For Type II CSI reporting,
· 
L beam selection is reported jointly using.
· 
Table 2 is used to map L beams to  and vice-versa.
· 

For a given , the first L columns which corresponds to columns in Table 2 are used.
· 


For a given , the first  rows which correspond to rows  in Table 2 are used. 
· 
The mapping of L beams to  and vice-versa is according to the method in Table 3.
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image1.png
Strongest

SB phase (1 SB):

Rotation: L-beam coefficient (1 | WB amp: Total WB SBamp (1 SB): Zx(K—-1)+ Total payload
L Ol10g, (0,0,)1] selection (=) | CUt O 2L: |3x QL= ag | LXK =Dper | oL —K)per | (WB+ 10 SBs)
N [log, 2L] per | per layer layer layer
layer
2 4 [7 or 8] 2 9 22 3 9 142
3 4 [10 or 12] 3 15 32 3 13 192
4 4 [11 or 16] 3 21 39 5 19 279
2 4 [7 or 8] 4 18 33 6 18 273
3 4 [10 or 12] 6 30 50 6 26 370
4 4 [11 or 16] 6 42 63 10 38 543
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