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1. Introduction
In RAN1#82bis meeting, rank 1 codebook for CSI reporting class A has been agreed [1]. The Rel-13 class A codebook is configured with 5 RRC parameters. Besides the antenna port number values Nd and the oversampling factors Od, there are four configurations according to the parameter Config given in the following:

· 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
where Ld means the number of beams in each beam group. In this contribution, we propose the rank 2 codebook design for class A, which follows the rank 1 codebook design principles. Further, we compare the performance of several alternatives for Config 3 through system level simulations.
2. Rank 2 codebook 

In this section, we propose the designed rank 2 codebook. Define the following precoder parameters: 

· Beam group spacing 
[image: image1.wmf]d
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· Beam spacing 
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The grid-of-beams in both dimensions are represented by
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Then the rank 2 codebook is represented by
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with the co-phasing factor 
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n

j

n

e

p

j

=

. In addition, the indices for W1 are indicated by
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Similar to the Rel-13 rank 1 codebook design, for rank 2 codebook, the 32bits master codebook is used and four configurations can be applied. Table 1 gives the four configurations for rank-2, where the 
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 indices are selected from the codebook defined in Table 2. 
Table 1: Configurations for rank 2 codebook 

	Config
	Selected beam pairs
	Selected 
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 indices
	(s1,s2)
	(p1,p2)

	Config 1
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	0-1
	(1,1)
	(-,-)

	Config 2
(Alt-1)
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	0-3, 8-9, 16-19, 22-23, 28-31
	(2,2)
	(1,1)
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(Alt-1)
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	4-7, 16-27
	(2,2)
	(1,1)

	Config 4
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Table 2: Codebook table for rank 2
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Moreover, for Config 2 and Config 3, several alternatives for the rank 2 codebook have been proposed by different companies. Table 3 summarizes the configurations for these proposals. The corresponding codebook tables are given in Table 4-6.
Table 3: Alternatives for rank 2 codebook

	Config
	Selected beam pairs
	Selected 
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	0-3, 8-9, 16-19, 22-23, 28-31

(from Table 4)
	(2,2)
	(1,1)
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(Alt-3)
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	0-3, 8-9, 16-19, 20-23, 30-31
(from Table 5)
	(2,2)
	(1,1)

	Config 3
(Alt-2)
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	0-1, 4-5, 8-9, 12-13, 18-21, 24-27
(from Table 4)
	(2,2)
	(1,1)

	Config 3
(Alt-3)
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	0-1, 4-5, 18-21, 24-31
(from Table 6)
	(2,2)
	(1,1)


Table 4: Codebook table for Alt-2
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	Same as TABLE 2
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	20
	21
	22 – 23 
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	Same as TABLE 2
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	26
	27
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	28-29
	30
	31
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	Same as TABLE 2
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Table 5: Codebook table for Config 2 of Alt-3
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Table 6: Codebook table for Config 3 of Alt-3
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Comparing these alternatives, we have the following observations:
· Config 2: For Alt-1, the two beams for the two layers are only different in the 1st dimension or in the 2nd dimension. For Alt-2, there is one beam pair with the two beams different in both dimensions. As to Alt-3, there are two beam pairs with the two beams different in both dimensions.  
· Config 3: For Alt-1 and Alt-3, there are both four beams included in W1. While for Alt-2, W1 composes of six beams, which is not aligned with the other configurations. Further for Alt-3, it is nested with the agreed rank 1 codebook.

3. Simulation results
In this section, we compare the performance of the rank 2 codebook alternatives through system level simulations. The performance evaluation results are given in Table 7 for Config 3. The FTP traffic is assumed with the user arrival rate 
[image: image109.wmf]2

=

l

, which corresponds to about 20% RU. SU-MIMO and fixed rank=2 transmission for each UE are assumed in order to fully exploit the performance of the rank 2 codebooks. The 3D-UMi and 3D-UMa with ISD=200m scenarios are employed in the simulations. And the detailed simulation parameters are given in the appendix Table A1.
Table 7: Performance comparison for Config 3
	Scenarios / Config 3 for rank 2
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMi
	6H2V
	Alt-1
	12.10
	0.00%
	39.89
	0.00%
	38.75
	0.00%
	18%

	
	
	Alt-2
	12.04
	-0.47%
	40.36
	1.19%
	38.69
	-0.14%
	18%

	
	
	Alt-3
	11.91
	-1.58%
	39.62
	-0.67%
	38.49
	-0.67%
	19%

	
	4H4V
	Alt-1
	13.82
	0.00%
	42.51
	0.00%
	39.80
	0.00%
	17%

	
	
	Alt-2
	13.32
	-3.63%
	41.70
	-1.91%
	39.37
	-1.07%
	17%

	
	
	Alt-3
	13.96
	0.97%
	42.22
	-0.68%
	39.72
	-0.19%
	17%

	
	8H2V
	Alt-1
	14.56
	0.00%
	43.87
	0.00%
	40.53
	0.00%
	17%

	
	
	Alt-2
	14.50
	-0.43%
	44.44
	1.32%
	40.98
	1.12%
	16%

	
	
	Alt-3
	13.46
	-7.55%
	43.30
	-1.28%
	40.23
	-0.73%
	17%

	3D-UMa
(200m)
	6H2V
	Alt-1
	11.62
	0.00%
	38.53
	0.00%
	37.67
	0.00%
	19%

	
	
	Alt-2
	11.45
	-1.43%
	37.67
	-2.22%
	37.48
	-0.50%
	19%

	
	
	Alt-3
	11.94
	2.74%
	38.09
	-1.12%
	37.50
	-0.46%
	19%

	
	4H4V
	Alt-1
	12.02
	0.00%
	37.12
	0.00%
	36.94
	0.00%
	19%

	
	
	Alt-2
	11.81
	-1.74%
	37.53
	1.11%
	36.96
	0.05%
	18%

	
	
	Alt-3
	10.98
	-8.70%
	36.71
	-1.09%
	36.43
	-1.38%
	19%

	
	8H2V
	Alt-1
	13.73
	0.00%
	41.70
	0.00%
	39.66
	0.00%
	17%

	
	
	Alt-2
	13.90
	1.23%
	41.85
	0.37%
	39.76
	0.26%
	17%

	
	
	Alt-3
	14.02
	2.11%
	41.87
	0.40%
	39.75
	0.22%
	17%


According to the simulation results, the performance of different rank 2 Config 3 proposals varies with antenna port layouts and channel models. And we observe that Alt-1 performs slightly better than Alt-2 and Alt-3 in most of the scenarios.
4. Conclusions
In this contribution, we discuss the rank 2 codebook design for CSI reporting class A. Following the agreed rank 1 codebook design principle, the rank 2 codebook with four configurations is proposed. In addition, several alternatives for Config 3 are compared with the proposed codebook through system level simulations. The performance of different proposals varies with antenna port layouts and channel models. It is shown that Alt-1 performs slightly better than Alt-2 and Alt-3 in most of the scenarios.
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Appendix

Table A1: Simulation assumptions

	Parameter
	Value

	Antenna configuration
	Horizontal: X-pol (+/-45),  0.5λ space
Vertical: 0.8λ space
(M,N,P,Q)=(8,3,2,12) for 6H2V

(M,N,P,Q)=(8,2,2,16) for 4H4V

(M,N,P,Q)=(8,4,2,16) for 8H2V

	Scenario
	3D-UMi with 200m ISD and 3D-UMa with 200m ISD

	Down-tilt
	3D-UMi 200m: 100 degree

3D-UMa 200m: 104 degree

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	FTP traffic model 1, lamda=2

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

Realistic interference estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	Codebook Parameters
	(O1,O2)=(8,4)

	CSI feedback
	PUSCH 3-2

	
	CQI, PMI reporting triggered per 10ms

RI triggered per 120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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