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Discussion in RAN1#86bis [1] made the following conclusions.
	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.


Port layouts and oversampling rates had been decided in the last meeting. In this contribution, we provide our understanding on non-precoded (NP) codebook design for supporting {20, 24, 28, 32} CSI-RS ports.
Discussion
In Rel-13, configurable (or parameterized) codebook design approach aiming to provide flexibility and scalability is adopted. According to RAN1 #86bis agreement total 15 port layout combinations are supported for {20, 24, 28, 32} ports. On the other hand, it means that RAN1 agrees total number of DFT beams (i.e., NdOd) is not exceeded to the maximum of Rel-13 values per dth dimension. Specifically the maximum values are 32 for 2D port layouts and 64 for 1D port layouts. For oversampling rates (OVSRs), keep only one value per antenna configuration due to limited performance gain and spec impact for various OVSRs which was mentioned by some company. As a result, followed by configurable design principle it is suggested the CLASS A codebook extension for supporting up to 32 antenna ports can also be configurable like Rel-13 parameters,
· (N1,N2) which are number of CSI-RS ports in 1st and 2nd dimensions, respectively;
· (O1,O2) which are oversampling rates for 1st and 2nd dimensions, respectively; and
· Codebook-Config, which configures sub-sample codebook patterns.
Proposal 1: Remain configurable codebooks as Rel-13 for NP {20, 24, 28, 32} ports codebook design.
In Rel-13, the above parameters are configured by higher-layer signalling (i.e., RRC). Parameters are codebook-Config-N1, codebook-Config-N2, codebook-Over-Sampling-RateConfig-O1, codebook-Over-Sampling-RateConfig-O2, and Codebook-Config, respectively. Values of parameter Codebook-Config remains 1, 2, 3, and 4, which supports the same type of sub-sampling pattern as Rel-13 cases, maintained the benefit of comprehensive and flexible design. However, it is worthy to note, according to the following table agreed in the last meeting, it can be observed that the relationship from antenna port layout to OVSR value is 1-to-1 mapping no matter which port numbers and layouts. In other words, the OVSR would be implied to UE for supporting NP {20, 24, 28, 32} ports. Consequently, for simple configuration we propose to choose parameters of antenna port layout (i.e., N1,N2) as high-layer signalling and to omit OVSR parameters (i.e., O1,O2). 


	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,-)


Table: All supporting combinations for {20, 24, 28, 32} ports per last meeting

Observation 1: The relationship from antenna port layout to OVSR value is 1-to-1 mapping no matter which port numbers and layouts in Rel-14 newly supported codebook.
Proposal 2: Choose parameters of antenna port layout (i.e., N1,N2) as RRC signalling and omit OVSR parameters (i.e., O1,O2) to simplify high layer configuration.

The DFT beams become narrower as the number of antenna arrays increases. This may become an issue when number of antenna ports in a certain dimension is getting large, especially for 1D port layout. Adjacent DFT beams in a beam group may not able to capture the channel AoD spread. For dual-stage codebook, in addition, extend candidate beam numbers in W1 and increase feedback bits in W2 simultaneously may burden feedback overhead and increase UE complexity.  In that sense, to avoid those problems we suggest to extend one more configurable parameter, intra beam-group spacing (p1,p2). Meanwhile, freeze four beams in W1 owing to limited payload size. The following figure, taking the type of Codebook-Config: 3 as example, shows configurable intra beam-group spacing with 4 beams in W1. As for the value of (p1,p2), two combinations at most per dimension is preferable.
[image: ]
Figure: Example of configurable intra beam-group spacing parameters with 4 beams selection in W1
Proposal 3: Support configurable RRC parameter, intra beam-group spacing, while freezing 4 candidate beams in W1.
Conclusions
In this contribution, we provide our views on Rel-14 NP codebook design. According to above discussions, we have the following observation and proposals.
Observation 1: The relationship from antenna port layout to OVSR value is 1-to-1 mapping no matter which port numbers and layouts in Rel-14 newly supported codebook.
Proposal 1: Remain configurable codebooks as Rel-13 for NP {20, 24, 28, 32} ports codebook design.
Proposal 2: Choose parameters of antenna port layout (i.e., N1,N2) as RRC signalling and omit OVSR parameters (i.e., O1,O2) to simplify high layer configuration.
Proposal 3: Support configurable RRC parameter, intra beam-group spacing, while freezing 4 candidate beams in W1.
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