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1. Introduction

The work item on full-dimension MIMO (FD-MIMO) enhancement has been approved in RAN#71 [1]. The enhancement on non-precoded CSI-RS has the following objectives: 
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D


In RAN1#85, about codebook enhancement and codebook parameters combinations for Rel-14, the following conclusion was drawn:
Conclusion:
· Class A codebook enhancement: 

· Starting from Rel-13 Class A codebook design structure by enabling different N1 and N2 combinations 
· Reduce the number of combinations of codebook parameters (N1, N2, O1, and/or O2) 

· To be concluded in RAN1#86

· Examples: 
· Down select from 19 (N1,N2) combinations; and/or

· Reduce the number of (O1,O2) combinations

· Other possibilities are not excluded 
In this contribution, we present our view on the possible codebook parameters combinations.
2. Discussion
In Rel-13 class A, there are totally 6 antenna port layouts for {8, 12, 16} ports as shown in Table 1 [2], and each layout corresponds to 2 oversampling factors combinations. There is only one 1D antenna port layout, which is eligible for the 16 antenna ports.
Table 1: Supported configurations of 
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	8
	(2,2)
	(4,4), (8,8)

	12
	(2,3)
	(8,4), (8,8) 

	
	(3,2)
	(8,4), (4,4) 

	16
	(2,4)
	(8,4), (8,8) 

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

	
	(8,1)
	(4,-), (8,-)


For Rel.14 non-precoded CSI-RS, all possible 1D and 2D port layouts for {20, 24, 28, 32} ports are listed in Table 2. There are totally 19 antenna port layouts, including 11 2D layouts and 8 1D layouts. Similar to the Rel-13 codebook, each antenna port layout corresponds to 2 oversampling factors combinations, which results in the oversampling factor being either 4 or 8 in each dimension. As mentioned above, to make the codebook design effort acceptable, reducing the number of combinations of codebook parameters should be considered. One alternative is to down select from (N1,N2) combinations, and another alternative is to reduce the number of (O1,O2) combinations. According to studies on codebook during Rel-13 stage, the oversampling factors influence the system performance significantly. Therefore, it may need further evaluations to determine whether the number of oversampling factors combinations could be reduced. Since only three RAN1 meetings left, a more straight way is to select a subset of 
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 values. In [3], the 
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 port layouts are proposed to be precluded. This scheme reduces the number of antenna port layouts. But in order to maintain the codebook performance and flexibility, for each supported antenna port layout (except the 1D layouts and 
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layouts), four (O1,O2) combinations ((8,4),(8,8),(4,4),(4,8)) instead of two are required. Therefore, with these four oversampling factors combinations, the number of codebook parameter combinations has not been changed. Actually, since N1 could be either mapped to the horizontal dimension or to the vertical dimension and N2 to the other, precluding 
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 still supports all the 1D and 2D antenna port layouts in practical deployments. It mainly aims to simplify the data path to physical antenna port mapping and doesn’t reduce the number of combinations of codebook parameters. To be aligned with Rel-13 Class A codebook, we prefer to maintain the 
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 layouts.
Table 2: All possible configurations of 
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	20
	(2,5)
	(8,4), (8,8) 

	
	(5,2)
	(8,4), (4,4) 

	
	(1,10)
	(-,4), (-,8)

	
	(10,1)
	(4,-), (8,-)

	24
	(2,6)
	(8,4), (8,8) 

	
	(6,2)
	(8,4), (4,4) 

	
	(3,4)
	(8,4), (8,8) 

	
	(4,3)
	(8,4), (4,4) 

	
	(1,12)
	(-,4), (-,8)

	
	(12,1)
	(4,-), (8,-)

	28
	(2,7)
	(8,4), (8,8) 

	
	(7,2)
	(8,4), (4,4) 

	
	(1,14)
	(-,4), (-,8)

	
	(14,1)
	(4,-), (8,-)

	32
	(2,8)
	(8,4), (8,8) 

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

	
	(4,4)
	(4,4), (8,8)

	
	(1,16)
	(-,4), (-,8)

	
	(16,1)
	(4,-), (8,-)



Extension of Rel-13 class A codebook was concluded as a candidate to support the newly introduced antenna port numbers. If this scheme is adopted, the codebook Tables 7.2.4.10-7.2.4.17 in [2] could be directly reused except for the four 
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 1D layouts. Then additional design effort has to be spent on these layouts. Moreover, the four 
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 cases could be implemented by using the four 
[image: image17.wmf]1

2

=

N

 cases with mapping 
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 to the other dimension. So we prefer to preclude the four 
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 cases. In addition, the antenna size issue of 1D layout in practice mentioned in [4-5] needs to be further investigated. Therefore, we should focus on the antenna port layouts deployed in typical scenarios.
Proposals:

· 
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 layouts should be maintained in eFD-MIMO, and the 2D antenna port layouts are supported. 
3. Conclusions

In this contribution, we presented our views on reducing the number of combinations of codebook parameters for Rel-14 FD-MIMO. Since reducing the number of (O1, O2) combinations needs further evaluations to investigate its influence to the system performance, we prefer to down select from 19 (N1, N2) combinations first. Considering the spec impact, we have the following proposals: 
Proposal:

· 
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 layouts should be maintained in eFD-MIMO, and the 2D antenna port layouts are supported. 
 Table 3 shows the supported configurations for Rel-14 eFD-MIMO.
Table 3: Supported configurations of 
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	20
	(2,5)
	(8,4), (8,8) 

	
	(5,2)
	(8,4), (4,4) 

	24
	(2,6)
	(8,4), (8,8) 

	
	(6,2)
	(8,4), (4,4) 

	
	(3,4)
	(8,4), (8,8) 

	
	(4,3)
	(8,4), (4,4) 

	28
	(2,7)
	(8,4), (8,8) 

	
	(7,2)
	(8,4), (4,4) 

	32
	(2,8)
	(8,4), (8,8) 

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

	
	(4,4)
	(4,4), (8,8)
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