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1. Introduction



Kronecker Product (KP) type codebook for non-precoded CSI-RS has been approved in [1]. In WF [2], the structure of  and class A rank-1 codebook are determined upon four configurations. In RAN1#82bis[3], the valid  combinations for each antenna array layout  was finalized. For rank-2 and higher ranks codebook design, companies provide various codebook schemes via e-mail discussion.
In this contribution, first we discuss rank 2 codebook design based on the rank 1 codebook. Then we give the beam selection rules for rank 2. We present our simulation results and analysis. Our proposal is given as a conclusion. 
2. Rank 2 codebook Design
In WF [3], four configs are proposed for Rank 1 codebook structure, which correspond to different beam selection patterns as shown in Figure 1. The four configs are configured by RRC signaling according to different scenarios. 
[image: ]
Figure 1: Beam selection of rank-1 for different configs
The design of Rank 2 codebook should be based on the four configs. In the email discussion, we have proposed our design of Rank 2 codebook, whose beam selection scheme is shown in Figure 2. The codewords of Rank 2 is given in Appendix. 
[image: ]
Figure 2: Beam selection of rank-2 for different configs
Compared with the scheme in [4], our proposal for config 2 covers all the cases in which different beams happen for the larger dimension. Some cases allow both different horizontal and different vertical beams for the two layers.  In general, the larger dimension has more contribution to support rank 2 transmission. So it is expected that these cases happen more often in the practical transmission. 
3. Performance


In the email discussion, several companies post their proposals for Rank 2 codebook. We simulate 3 schemes: scheme 1 is the proposal in [4], scheme 2 is the proposal posted by Qualcomm, and scheme 3 is our proposal in Appendix. Scheme 1 is set as the baseline for comparison. The codebooks for config 1 and 4 remain the same in the three schemes. Compared with the baseline, scheme 2 redesigns config 2 and 3, whereas scheme 3 only redesigns config 3. We conduct simulations for 3D-Umi with different oversampling. We set  and . The simulation results are shown in Table 1 and Table 2.  From the evaluation results, it seems that different schemes have similar performance.  

Table 1: Performance of different codebooks with heavy load, 
	
	scheme 1
	scheme 2
	scheme 3

	Config 1
	RU
	0.7204
	The same as scheme 1
	same as scheme 1

	
	5%
	4.5255
	
	

	
	50%
	18.6584
	
	

	
	Mean
	21.1494
	
	

	Config 2
	RU
	0.7281
	0.7297
	0.7273

	
	5%
	4.8431
	4.7777
	4.7968

	
	50%
	19.1331
	19.0671
	19.0763

	
	Mean
	21.4154
	21.3781
	21.4524

	Config 3
	RU
	0.7213
	0.7209
	same as scheme 1

	
	5%
	4.2101
	4.3414
	

	
	50%
	18.2648
	17.8237
	

	
	Mean
	21.1110
	20.965
	




Table 2: Performance of different codebooks with heavy load, 
	
	scheme 1
	scheme 2
	scheme 3

	Config 1
	RU
	0.7004
	same as scheme 1
	same as scheme 1

	
	5%
	4.5505
	
	

	
	50%
	17.4013
	
	

	
	Mean
	21.0325
	
	

	Config 2
	RU
	0.7241
	0.7255
	0.7272

	
	5%
	4.7960
	4.8587
	4.7753

	
	50%
	18.9956
	18.8961
	18.7670

	
	Mean
	21.4048
	21.4106
	21.4564

	Config 3
	RU
	0.7088
	0.7096
	same as scheme 1

	
	5%
	4.7019
	4.6517
	

	
	50%
	17.5663
	17.5165
	

	
	Mean
	20.9140
	20.8362
	



4. Conclusion
We analyze the rank 2 codebook design and provide evaluation results of 3 different designs.  The three schemes have similar performance. Consider that it is easier for the larger dimension to have different beams corresponding two streams and two streams may also have different vertical and horizontal directions in the practical Rank 2 transmission, it seems to be more reasonable to cover all the cases with different beams in larger dimension as used in our design proposal for config 2. 
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6. Appendix
Rank-2 codebook is defined as follows.




 and 
The second PMI selected by UE is based on Config.
	Config
	Selected i2 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)
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