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1. Introduction
In RAN1#86b, the (N1, N2, O1, O2) combinations for {20, 24, 28, 32}-port Class A codebook was agreed [1]. The agreed combination is shown in Table 1. The Class A codebook extension/enhancement for the agreed (N1, N2, O1, O2) combinations was also discussed, and the following conclusion was made.
Conclusions:
· The need for extending design principles of Rel.13 Class A codebooks with {20, 24, 28, 32} ports is to be decided in RAN1#87. 
In this contribution, Samsung’s view on Class A codebook extension/enhancement is presented.
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	Number of 
CSI-RS antenna ports, P
	

	


	20
	(2,5)
	(8,4)

	
	(5,2)
	(4,4)

	
	(10,1)
	(4,-)

	24
	(2,6)
	(8,4)

	
	(3,4)
	(8,4)

	
	(4,3)
	(4,4)

	
	(6,2)
	(4,4)

	
	(12,1)
	(4,-)

	28
	(2,7)
	(8,4)

	
	(7,2)
	(4,4)

	
	(14,1)
	(4,-)

	32
	(2,8)
	(8,4)

	
	(4,4)
	(8,4)

	
	(8,2)
	(4,4)

	
	(16,1)
	(4,-)


2. Class A Codebook Extension
The Rel. 13 Class A codebook has been designed for both 1D and 2D port layouts of 8, 12, and 16 NP CSI-RS ports. The Class A codebook needs to be extended to support antenna port layouts in Table 1. The simple extension will be to reuse Rel. 13 Class A codebook design principle. In particular, the Class A codebook for {20, 24, 28, 32} ports can be parameterized by 5 parameters, namely
· N1, N2, which respectively are number of NP CSI-RS ports in 1st and 2nd dimensions;
· O1,O2, which respectively are oversampling factors for 1st and 2nd dimension DFT beams; and
· Codebook-Config, which configures beam grouping depending on rank. 
These parameters are configured via higher-layer RRC signaling parameters codebook-Config-N1, codebook-Config-N2, codebook-Over-Sampling-RateConfig-O1, codebook-Over-Sampling-RateConfig-O2, and Codebook-Config. The supported values of Codebook-Config are 1, 2, 3, and 4, which corresponds to the same beam groupings as in Rel. 13. 
Proposal 1: Extend the existing parametrization (consisting of 5 codebook parameters) of Rel. 13 Class A codebooks for {20, 24, 28, 32} ports and for the agreed (N1, N2, O1, O2) combinations in Table 1.
As for Class A codebooks for {20, 24, 28, 32} ports, our preference is to simply use Rel. 13 rank 1-8 Class A codebook tables for these newly added ports also. This is due to lack of time (only two RAN1 meetings left) and the fact that advanced CSI codebook will also be specified in Rel. 14, and most likely it is will be specified for at least Rel. 13 and Rel. 14 port layouts for{8,12,16, 20, 24, 28, 32} ports. 
Proposal 2: Extend Rel. 13 rank 1-8 Class A codebook tables to the agreed port layouts in Table 1.
3. Class A Codebook Enhancement
[image: ]
[bookmark: _Ref446105955]Figure 2 Beams getting narrower as number of ports doubles
There have been discussions to enhance Class A codebook for {20, 24, 28, 32} ports in order to ensure that W1 beam group covers the dominant channel AoD spread. It has been identified that as the number of antenna ports increases in a dimension, the DFT beams get narrower. An illustration of this phenomenon is shown in Figure 2. This can be an issue, especially for 1D antenna port layouts, because four adjacent beams indicated by (i1,1,i1,2) in case of Codebook-Config = 2,3,4 may not be able to capture the dominant channel spread, which in turn may lead to performance loss because of poor dominant channel direction quantization. If RAN1 decides to enhance Class A codebook, then our proposal is to enhance Class A codebook without sacrificing Rel. 13 design principles, in particular, without changing any of the four Codebook-Configs. One such enhancement is based on configurable beam spacing. The channel AoD spread can be captured by introducing a new codebook parameter pair, (p1,p2), for the inter-beam spacing within a beam group indicated by the first PMI pair (i1,1,i1,2). For dimension d = 1,2, starting from the beam index i1,d, indices of four DFT beams forming a beam group are i1,d , i1,d  + pd,, i1,d  + 2pd,, and i1,d  + 3pd,, where example values of pd  include {1, 2}. The parameter (p1,p2) can be configured via higher-layer RRC signaling. A few examples of W1 beam groups for four beam spacing parameter pairs (p1,p2) = (1,1), (1,2), (2,1), and (2,2) are shown in Figure 3.
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Proposal 3: If RAN1 decides to enhance Class A codebook for {20, 24, 28, 32} ports, then the enhanced Class A codebook should keep Rel. 13 Class A codebook design principles, in particular, without changing any of the four Codebook-Configs. 
Proposal 4: For Class A codebook enhancement to cover channel spread, introduce RRC configurable parameter (p1,p2) for spacing between two adjacent beams in the W1 beam group, where values of p1,p2 include {1,2}.
4.  Conclusion
This document discusses the Class A codebook extension/enhancement for {20, 24, 28, 32} ports. The proposals made can be summarized as follows.
Proposal 1: Extend the existing parametrization (consisting of 5 codebook parameters) of Rel. 13 Class A codebooks for {20, 24, 28, 32} ports and for the agreed (N1, N2, O1, O2) combinations in Table 1.
Proposal 2: Extend Rel. 13 rank 1-8 Class A codebook tables to the agreed port layouts in Table 1.
Proposal 3: If RAN1 decides to enhance Class A codebook for {20, 24, 28, 32} ports, then the enhanced Class A codebook should keep Rel. 13 Class A codebook design principles, in particular, without changing any of the four Codebook-Configs. 
Proposal 4: For Class A codebook enhancement to cover channel spread, introduce RRC configurable parameter (p1,p2) for spacing between two adjacent beams in the W1 beam group, where values of p1,p2 include {1,2}.
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