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This joint proposal is a combination of the previously submitted joint proposals for rank-2 and rank 3-8 from Samsung, Ericsson, NTT DOCOMO, and CATT, with some modification on rank-2.

Class A rank 2 codebook

Rank-2 class A codebook is described in Table 1, Table 2, and Table 3. 

[bookmark: _Ref435619166][bookmark: _Ref435619160]Table 1: Four configurations

	Config
	
Selected  indices
	(s1,s2)

	Config 1


	0-1,32-33
	(1,1)

	Config 2


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

	Config 3


	4-7, 16-27
	(2,2)

	Config 4


	0-15
	(2,2)








, 



If Config 2 and N1 <= N2
 and 

Otherwise
 and 
The proposed codebook is characterized by three parameters: , and codewords are identified by  in CSI feedback.

[bookmark: _Ref435619185]Table 3: Codebook table

	

	0
	1
	2
	3

	

	

	

	

	


	

	4
	5
	6
	7

	

	

	

	

	


	

	8
	9
	10
	11

	

	

	

	

	


	

	12
	13
	14
	15

	

	

	

	

	


	

	16
	17
	18
	19

	

	

	

	

	


	

	20
	21
	22
	23

	

	

	

	

	


	

	24
	25
	26
	27

	

	

	

	

	


	

	28
	29
	30
	31

	

	


	
 
	
 
	


	

	32
	33
	
	

	

	


	
 
	
	





Rank 3-4 Class A codebooks
For rank 3-4, the proposed codebook for a given rank value is characterized by four parameters: , and codewords are identified by  in CSI feedback.  Different values of the parameter k are used to construct different orthogonal beam groups for rank 3-4 codebooks. Figure 1 illustrates three example orthogonal-beam groups, indexed by k = 0,1,2. 


[bookmark: _Ref431462180]Figure 1: Rank 3-4 orthogonal beam pair construction with k = 0, 1, and 2




Table 5 and Table 6 show the rank 3-4 codebook tables that can be used for any of Q = 8, 12, and 16 antenna port configurations, where are selected from Table 4 depending on the k value, the corresponding rank 3 precoder is either , or , and the corresponding rank 4 precoder is.
UE feeds back k in PMI as part of the W1 indication.  In particular, k is jointly encoded with i1 indication(s)., where  is reported in CSI feedback.

There are two alternatives for the number of values of k:
· If  and  k = 0,1 in Table 4
· If : k = 0,1,2 in Table 4

[bookmark: _Ref431465537]Table 4: Orthogonal beam type to ( ) mapping
	K
	
	0
	1
	2

	If  and 
	[image: cid:image015.png@01D10BE5.CB7C91D0]
	
	
	

	
	[image: cid:image020.png@01D10BE5.CB7C91D0]
	
	
	

	If 
	[image: cid:image015.png@01D10BE5.CB7C91D0]
	
	
	

	
	[image: cid:image020.png@01D10BE5.CB7C91D0]
	0
	0
	0





[bookmark: _Ref431465876][bookmark: _Ref429006300]Table 5: Codebook for 3 layer CSI reporting 
	

	0
	1
	2
	3

	, , 
	

	

	

	


	

	4
	5
	6
	7

	, , 
	

	

	

	


	

	8
	9
	10
	11

	, , 
	

	

	

	


	

	12
	13
	14
	15

	, , 
	

	

	

	


	

	16 – 31

	, , 
	

Entries 16-31 constructed with replacing in third and fourth subscripts with  in entries 0 – 15.



[bookmark: _Ref431783642]Table 6: Codebook for 4 layer CSI reporting 
	

	0
	1
	2
	3

	, , 
	

	

	

	


	

	4
	5
	6
	7

	, , 
	

	

	

	


	

	8 – 15

	, , 
	

Entries 8-15 constructed with replacing in third and fourth subscripts with in entries 0 – 7.



Codebook Subset Selection


[bookmark: _Ref431466511]Figure 2: An illustration of orthogonal beams for rank 3-4 when k = 0

[bookmark: _Ref431475244]Table 7: Selected   indices for rank-3 CSI reporting (in Table 4)
	Config
	
Selected  indices
	
	

	1
	0,2
	
	

	2
	0 - 7, 16 –23
	
	

	3
	8-23
	
	

	4
	0 – 15
	 
	


[bookmark: _Ref431475245]

[bookmark: _Ref433359690]Table 8: Selected   indices for rank-4 CSI reporting (in Table 5)
	Config
	
Selected  indices
	
	

	1
	0, 1
	
	

	2
	0 - 3, 8 – 11
	
	

	3
	4-11
	
	

	4
	0 – 7
	 
	



With the (s1,s2) and (p1,p2) parameters proposed in Table 7 and Table 8: 
· When O1=8 the effective oversampling factor is the same as legacy (i.e., 4), and;
· When O1=4 the effective oversampling factor is same as the configured one (i.e., 4). 

[bookmark: _Ref433359884]Rank 5-8 Class A Codebooks 
For ranks 5-8, the proposed codebooks are characterized by two parameters: , and these are used to form i1 indication(s), rather than  that is used for ranks 3-4.






For rank 5, 6, 7, 8, the precoding matrices are as in the following, where ,,,,, are determined by the RRC ‘Config’ parameter, and 
· (s1,s2) = (1,1) for Config 1; and
· (s1,s2) =  for Config 2,3,4











.



Figure 3 Illustration of orthogonal beam grouping for rank 5-8: 16 ports






For 16 ports, ,,,,, are defined as:
Table 9: Delta values for 16-port rank 5-8 codebooks
	
	Antenna configuration
	

	

	

	

	

	


	config = 4
	N1≥N2
	O1
	0
	2O1
	0
	3O1
	0

	
	N1<N2
	0
	O2
	0
	2O2
	0
	3O2

	config  =3
	N1≥N2
	O1
	0
	2O1
	O2
	3O1
	O2

	
	N1<N2
	0
	O2
	O1
	2O2
	O1
	3O2

	Config =1, 2
	Both
	O1
	0
	O1
	O2
	0
	O2





Figure 4 Illustration of orthogonal beam grouping for rank 5-8: 12 ports






For 12 ports, ,,,,, are defined as:
Table 10: Delta values for 12-port rank 5-8 codebooks
	Type
	Configuration
	

	

	

	

	

	


	Config= 4
	N1≥N2
	O1
	0
	2O1
	0
	0
	O2

	
	N1<N2
	0
	O2
	0
	2O2
	O1
	0

	Config= 3
	N1≥N2
	O1
	0
	2O1
	O2
	 O1
	O2

	
	N1<N2
	0
	O2
	O1
	2O2
	O1
	O2

	Config= 1, 2
	Both
	O1
	0
	O1
	O2
	0
	O2





Figure 5 Illustration of orthogonal beam grouping for rank 5-8: 8 ports






For 8 ports, ,,,,, are defined as:
Table 11: Delta values for 8-port rank 5-8 codebooks
	Type
	Configuration
	

	

	

	

	

	


	Config= 1, 2, 3, 4
	N1=N2
	O1
	0
	O1
	O2
	0
	O2





Class B codebooks for PMI-Config = 1

Rank-2 class B K=1 codebook
Rank-2 class B codebook (PMI-Config = 1 K=1) is derived from the class A codebook in Section 1 (Table 1, Table 2, and Table 3) as follows:
· Config 4 in Table 1.
· , k = 0
· ,  where is a length-N selection vector
· PMI definition is given in Table 12.


[bookmark: _Ref435619712]Table 12: Rank-2 class B codebook and PMI definition

	
	Single PMI  (Rel.13)
	Precoder

	
	
	Precoder description based on 
class A codebook (reuse of W2)
	Resulting precoder

	2
	0, 1
	, 

	, k=0,1

	4
	0, 1, …, 7
	

	, k=0,1; i=0,1  and
, , k=0,1

	8
	0, 1, …, 15
	, 
 
	, k=0,1; i=0,1,2,3   and
, k=0,1; i=0,1    and
, k=0,1; i=0,1





Rank 3-4 class B K=1 codebook






. 

(Class B codebook)
· Based on class A codebook tables: Table 4 to Table 8
· Configuration = 4, δ1=1, p1=1, δ2=0 
· Assume 
· Assume ,  where is a length-N selection vector

Table 13: Rank 3 Codebook 
	
	Single PMI  (Rel.13)
	Precoder

	
	
	Precoder description based on 
class A CB (reuse of W2)
	Resulting precoder

	4
	0, 1, 2, 3
	

	,,   
, 

	8
	0, 1, …, 15
	, 
 
	, ,
,, i=0,1,2   and 
, ,
,



Table 14: Rank 4 Codebook 
	
	Single PMI  (Rel.13)
	Precoder

	
	
	Precoder description based on 
class A CB (reuse of W2)
	Resulting precoder

	4
	0, 1
	

	,  k=0,1

	8
	0, 1, …, 7
	, 
 
	,  k=0,1; i=0,1,2   and 
,  k=0,1 



Rank 5-8 class B K=1 codebook






(Class B codebook)
· Based on class A codebook tables: Section 3
· δ1,1=1, δ1,2=2, δ1,3=3 
· Assume 
· Assume ,  where is a length-N selection vector

Table 15: Rank 5-8 Codebook
	
	Rank

	Single PMI  (Rel.13)
	Precoder

	
	
	
	Precoder description based on 
class A CB (reuse of W2)
	Resulting precoder

	8
	5
	0
	
	

	
	6
	0
	
	

	
	7
	0
	
	

	
	8
	0
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