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Introduction
In the previous meeting, it was agreed that the sum number of bits of the PMIs for wideband and subband precoding should be at most 14 bits for PUSCH feedback [1]. Possible configurable parameters for wideband precoding per dimension were also identified [2]:
· The number of antenna ports
· Oversampling factor
· Beam group spacing
· Number of beams in each group
· Beam spacing
In this contribution, we present the 2D codebook based on the identified parameters. We focus on the rank 1 and rank 2.
Discussion
Wideband precoding
We consider the wideband precoding in the Table 1, where each 2-tuple in the Table 1 represents (horizontal dimension, vertical dimension). We can directly extend the Table 1 for other port layouts.
In the non-precoded CSI-RS deployment, vertical ports are mapped to multiple TXRU’s via virtualization and have reduced beam width, while horizontal ports have full beam width. Thus, the size of horizontal beam group are chosen to be not smaller than that of vertical.
Horizontal wideband PMI overheads are kept to the legacy design, or 4 bits. And vertical overheads are set to the smaller, or 2 bits.
[bookmark: _Ref430076942]Table 1 Wideband precoding parameter sets
	Number of antenna ports
	Number of beams in each group
	Oversampling factor
	Beam group spacing
	Beam spacing

	(4,2)
	(2,2)
	(4,4)
	(1,1)
	(1,4)

	
	(4,2)
	(8,4)
	(2,1)
	

	
	(4,3)
	(8,6)
	(2,1)
	

	
	(4,4)
	(8,8)
	(2,1)
	

	(2,4)
	(2,2)
	(8,2)
	(1,1)
	

	
	(4,2)
	(16,2)
	(2,1)
	

	
	(4,3)
	(16,3)
	(2,1)
	

	
	(4,4)
	(16,4)
	(2,1)
	



In our understanding, optimal parameters depend on TXRU virtualizations, cell planning, etc. In this case, it is not efficient that only one set of parameters for each port layout supports various deployment scenarios. Therefore, it is desirable to introduce higher layer signal that configure an appropriate set of codebook parameters.
Proposal 1. One or more parameter sets per antenna port layout should be considered for wideband precoding specifications.

Subband precoding
Despite the different grid-of-beam setup, legacy codebooks (e.g., 4 and 8 ports) share the same beam selection patterns. One of the reason may be the high fidelity of the patterns. In legacy LTE system, there are 10 candidate beam pairs from a beam set of size 4. The legacy selection pattern enumerates 80% of them, and only 20% of beam pairs are punctured.
Proposal 2. The beams selection patterns should retain the high fidelity property for the reusability.
More specifically, we consider beam selection patterns whose overheads are listed in Table 2. Elements for rank 2 case are illustrated in Table 3-Table 6, where colored cells will denote selected beams. Cophasing factors can be reused from the legacy design, or 2/1 bits for rank 1/2, respectively.
[bookmark: _Ref429665818]Table 2 Overhead for subband 2D beam selection
	Number of 2D beams per group
A
	4
	8
	12
	16

	Number of bits for single beam indication
B = ceil(log2 (A))
	2
	3
	4
	4

	Number of bits for beam pair indication
C = floor(log2 (A(A+1)/2))
	3
	5
	6
	7

	Fidelity
D = C / (log2 (A(A+1)/2))
	80%
	88%
	82%
	94%



Also if puncturing patterns are not aligned across the 2D beam grid size, codebook subset restriction on vertical precoding can be limited.
Proposal 3. The puncturing patterns should be aligned across the 2D beam size.

[bookmark: _Ref430030465]Table 3 Legacy beam pair selection patterns from 4 beams (8 out of 10)
	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Table 4 Beam pair selection patterns from 8 beams (32 out of 36)
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Table 5 Beam pair selection patterns from 12 beams (64 out of 78)
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	



[bookmark: _Ref430030471]Table 6 Beam pair selection patterns from 16 beams (128 out of 136)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Conclusions
In this contribution, a 2D codebook is proposed for rank 1-2. We have the following proposals.
Proposal 1. One or more parameter sets per antenna port layout should be considered for wideband precoding specifications.
[bookmark: _GoBack]Proposal 2. The beams selection patterns should retain the high fidelity property for the reusability.
Proposal 3. The puncturing patterns should be aligned across the 2D beam size.
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