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Introduction
In RAN1#82bis meeting [1], the following agreement were made for Class A CSI reporting:
· Rel.13 class A codebook configured with 5 RRC parameters:
· N1, N2 = {1,2,3,4,8} where the valid candidates are (N1, N2) = (8,1), (2,2), (2,3), (3,2), (2,4), (4,2)
· O1, O2 = {2,4,8}
· For each (N1, N2), configurability of (O1, O2)  is restricted to two possible fixed pairs
· Config = {1, 2, 3, 4}
· Given the set of values of N1,N2,O1,O2: 
· W1 matrices with (L'1,L'2) = (4,2), (2,4) are constructed for N1>=N2 and N1<N2, respectively
·     where  is the index for 
An associated codebook table is defined in terms of i'2, i11 and i12
· Given the value of Config, a subset of codewords from the codebook table is selected as an active subset of values of i'2, associated with one of the following 4 configurations: 
· Config=1: (L1,L2) = (1,1) for rank 1-2 
· Config=2: (L1,L2) = (2,2) for rank 1-2 [square]
· Config=3: (L1,L2) = (2,2) for rank 1-2 [non-adjacent 2D beams/checkerboard]
· Config=4: (L1,L2) = (4,1), (1,4) for N1>=N2 and N1<N2 respectively for rank 1-2
During the email reflector discussion [82b-13], various types of rank 2 ~8 codebook were proposed. In this contribution, we present our design on rank 2~4 codebook and also performance evaluation results.
Rank 2 codebook design 
The design principle is to reuse Rel.10 8Tx beam selection codebook in  matrix. For each Config (2~4), the same 4 beams as rank 1 codebook are selected and the Rel. 10 8Tx rank 2 codebook is reused for beam selection for two-layer and x-pol co-phasing. More specifically, the beam pairing of {(0,0), (1,1), (2,2), (3,3), (0,1), (1,2), (0,3), (1,3)} is applied to the selected 4 beams. Details on the proposed rank 2 codebook can be found in Table 8-9 in Appendix. For easy of reference, the proposed rank 2 codebook is summarized in Table 1 below together with the proposal in [2] as a comparison.




It can be seen that the difference between the proposed codebook and the proposal in [2] is for Config 2 and 3. For the codebook proposal in [2], the beams of two layers are same at least on one dimension, i.e. either or . While for the proposed codebook, beams of two layers could be different on both dimensions, e.g., and . For Config 2 and Config 3, it was designed to support larger angular spread on both dimensions. Therefore, it is most likely that different beams on both dimensions are required for two layers. This implies that the proposed codebook can more efficiently support larger angular spread than the proposal in [3].
Observation 1: The proposed rank 2 codebook could more efficiently support larger angular spread as targeted by Config 2 and Config 3.
Table 1. Rank 2 codebook comparison
	Proposed codebook
	Codebook in [3]

		Config
	
Selected  indices
	(s1,s2)

	
Config 1
	0-1
	(1,1)

	Config 2


	0-3, 16-19, 24-25, 32-33, 40-41, 56-57
	(2,2)

	Config 3


	0-1, 4-5, 18-19, 22-23, 30-31, 40-41, 44-45, 58-59
	(2,2)

	Config 4


	0-15
	(2,2)



		Config
	
Selected  indices
	(s1,s2)

	Config 1


	0-1
	(1,1)

	Config 2


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

	Config 3


	0-1, 4-5, 8-9, 12-13, 18-21, 24-27
	(2,2)

	Config 4


	0-15
	(2,2)






To verify the performance of the proposed rank 2 codebook, system simulation is performed. Performance gain of the proposed codebook over the codebook in [2] for Config 3 was summarized in Table 2 below. Here  refers to the number of antenna ports in vertical and horizontal dimension, respectively. As seen from Table 2 the proposed codebook shows improved performance than the codebook in [3], especially for low oversampling rate (4, 4).
Table 2: Rank 2 performance comparison in 3D-UMa ISD 200m and downtilt of 104°, 
	
	
	RU
	Proposed rank 2 CB UPT (Mbps)

	
	
	
	5% UPT(Gain over [2])
	50% UPT(Gain over [2])
	Mean UPT(Gain over [2])

	
	
	40%
	9.50(-1%)
	32.02(4%)
	35.88(2%)

	
	
	40%
	9.30(0%)
	31.49(2%)
	35.23(1%)

	
	
	47%
	7.27(2%)
	25.47(4%)
	30.24(5%)

	
	
	48%
	6.82(7%)
	24.34(5%)
	29.69(5%)



Proposal 1: Adopt the proposed rank 2 codebook in Table 8 ~ 9 for class A.
Rank 3~4 codebook design 
According to email reflector discussion [83b-13], there are three options summarized below 
Table 3: Options for rank 3-4 codebook
	
	Characteristics

	Opt-A
	Variable orthogonal beam grouping carried on 

	Opt-B
	Fixed orthogonal beam grouping

	Opt-C
	Variable orthogonal beam grouping carried on 



All design options support the 4 Configs same as rank 1~2 codebook. As a common understanding different Config are selected to support different types of angular spread on two dimensions. One explanation for possible scenarios and use cases is summarized below. As noticed, for Config 1 and Config 4 at least one dimension is assumed with small angular spread, and thus the necessity for introducing orthogonal beam grouping on both dimension is low. 
Table 4: Configs with preferred angular spread
	Config
	Angular spread on 1st dimension (long)
	Angular spread on 2nd  dimension (short)

	1
	Small
	Small

	2
	Median
	Median

	3
	Large
	Median

	4
	Large
	Small



Observation 2: For Config 1 and Config 4 fixed orthogonal beam grouping is sufficient.
For Config 2 and Config 3, angular spread can be median or large on both dimensions. Therefore, there is a need to support variable orthogonal beam grouping on both dimensions. In Opt-A, this information is carried over W1 with the parameter k. Two alternatives are proposed. Alt-1 uses  = 0,1 and Alt-2 assumes  = 0~7 if  and . It seems supporting 8 orthogonal beam grouping in Alt-2 is a kind of over-design with the consideration of larger feedback overhead. Opt-C selects orthogonal beam types in W2 thus capable of short term/sub-band selecting variable orthogonal beam grouping. The feedback bits of i2 in Opt-C are maintained within 4-bits.	
The feedback overhead of  for each Config and design options are listed in Table 5. The feedback overhead for Opt-A is independent of  and  on Config 2~4 but additional bits are required for k feedback. Opt-B has the largest number of bits in feedback due to its small inter group beam spacing . 
Table 5:  feedback overhead 
	Config
	Opt-A
	Opt-B
	Opt-C

	
	
	
	
	
	
	
	

	1
	
	
	1 or 3
	
	
	
	

	2
	
	
	1 or 3
	
	
	
	

	3
	
	
	1 or 3
	
	
	
	

	4
	
	
	1 or 3
	
	
	
	



Both Opt-A and Opt-C have 4 bits feedback in  (Config 2~4), Opt-B varies between 3~5 bits with different beam selection and co-phasing settings.
System simulation was performed to compare the performance of different design options. Table 6 summarizes the parameters used in simulation. As show in Table 7, Opt-B and Opt-C outperform Opt-A on both cell edge and average throughput. It needs to be mentioned that the overhead of Opt-B is 1 bit larger on W1 feedback. 
[bookmark: _Ref431475244]Table 6: Parameters for rank 3-4 codebook evaluation
	Opt
	Config
	
	
	
	
	
	
	

	A
	3
	, 

	
	
	
	(2,1) bits
	1 bit
	4 bits

	B
	3
	
	
	
	
	(3,2) bits
	NA
	4 bits

	C
	3
	
	
	
	
	(2,2) bits
	NA
	4 bits



Table 7: Rank 3~4 codebook performance comparison in 3D-UMa ISD 200m and downtilt of 104°, .
	Opt
	RU
	UPT(Mbps)

	
	
	5% (Gain over Opt-A)
	50% (Gain over Opt-A)
	Mean (Gain over Opt-A)

	A
	52.5%
	7.88
	29.20
	35.62

	B
	52.0%
	8.30 (5.3%)
	29.78 (2.0%)
	35.72 (0.3%)

	C
	51.1%
	8.03 (2.0%)
	30.53 (4.6%)
	36.57 (2.7%)



We make further comparison between Opt-A and Opt-C. A larger codebook with 32  is constructed by combining Opt-A and Opt-C codebook. The index 0~15 of the codebook is from Opt-A, while index 16~31 is from Opt-C. We plot the  feedback CDF as shown in Figure below. It is observed that the percentage of selecting Opt-A and Opt-C codebook is around 30% and 70%, respectively. This indicates that a larger portion of UEs prefers to a short-term selection of variable orthogonal beam grouping than the long-term selection. 
[image: ]
Figure 2: The CDF of  feedback CDF
Proposal 2: Adopt the proposed rank 3-4 codebook in Table 10 ~ 13 for class A.
Summary
In this contribution we discuss the rank 2-4 codebook design for class A and the evaluation results. We have the following observations and proposals.
Observation 1: The proposed rank 2 codebook could more efficiently support larger angular spread as targeted by Config 2 and Config 3.
Observation 2: For Config 1 and Config 4 fixed orthogonal beam grouping is sufficient.
Proposal 1: Adopt the proposed rank 2 codebook in Table 8 ~ 9 for class A.
Proposal 2: Adopt the proposed rank 3-4 codebook in Table 10 ~ 13 for class A.
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Appendix

Table 8. Codebook for 2 layer CSI reporting
	

	0
	1
	2
	3

	
Precoder
	

	

	

	


	

	4
	5
	6
	7

	

	

	

	

	


	

	8
	9
	10
	11

	

	

	

	

	


	

	12
	13
	14
	15

	

	

	

	

	


	

	16-31

	

	

Entries 16-31 constructed with replacing  in second and fourth subscripts with  in entries 0-15

	

	32-47

	

	

Entries 32-47 constructed with replacing  in fourth subscripts with  in entries 0-15

	

	48-63

	

	

Entries 48-63 constructed with replacing  in second subscripts with  in entries 0-15







Table 9.  selection for 2 layer CSI reporting
	Config
	
Selected  indices
	(s1,s2)

	
Config 1
	0-1
	(1,1)

	Config 2


	0-3, 16-19, 24-25, 32-33, 40-41, 56-57
	(2,2)

	Config 3


	0-1, 4-5, 18-19, 22-23, 30-31, 40-41, 44-45, 58-59
	(2,2)

	Config 4


	0-15
	(2,2)



[bookmark: _Ref431465876][bookmark: _Ref429006300]Table 10: Codebook for 3 layer CSI reporting 
	

	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

	, 
	

	

	

	






, or 

[bookmark: _Ref431783642]Table 11: Codebook for 4 layer CSI reporting 
	

	0
	1
	2
	3

	, 
	

	

	

	


	

	4
	5
	6
	7

	, 
	

	

	

	


	

	8
	9
	10
	11

	, 
	

	

	

	


	

	12
	13
	14
	15

	, 
	

	

	

	







Table 12: Selected   indices for rank-3 CSI reporting (in Table 9)
	Config
	
Selected  indices
	
	

	1
	0,2,16,17
	
	

	2
	0 - 7, 16 – 23
	
	

	3
	0 – 3, 8 – 11, 24 – 31
	
	

	4
	0 – 15
	
	


[bookmark: _Ref431475245]

Table 13: Selected   indices for rank-4 CSI reporting (in Table 10)
	Config
	
Selected  indices
	
	

	1
	0,1,8,9
	
	

	2
	0 - 3, 8 – 11
	
	

	3
	0 – 1, 4 – 5, 12 – 15
	
	

	4
	0 – 7
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