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1 Introduction
In RAN1 #89 meeting, the following agreements have been achieved:
· Slides 4 to 24 in R1-1709232 are agreed

· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details

· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers
Multi-panel (MP) codebook design for rank 1-2 and rank 3-4 with port number <16 has been supported in NR. The main design principle is to construct MP codebook from single-panel (SP) codebook by adding inter-panel co-phasing to the SP precoder. Inter-panel co-phasing could be configured in wideband mode for 2/4 panels or subband mode for 2 panels. In subband mode, maximum 4bits PMI payload size is supported per subband. In this contribution, we discuss the remaining issues and give the related design for Type I multi-panel codebook in R15.
2 Discussions on the remaining issues of multi-panel codebook
In section 5.2.2.2.2 of 38.214, type I multi-panel codebook is described. Considering the use case where each panel is only equipped with 2 polarized RF chains, it is necessary to support antenna configuration (Ng,N1,N2)=(2,1,1) and (4,1,1) in multi-panel codebook. Since the integrated complexity of the chips increases with the number of RF chains at high frequency bands, 2 ports per panel is also common case and shall be considered. In this case, beam sweeping based on analog beamforming and CSI acquisition based on multi-panel codebook could be jointly used. In our view, this antenna configuration and corresponding codebook design should be captured by Release 15.
Proposal 1: Antenna configuration (Ng,N1,N2)=(2,1,1) and (4,1,1) should be captured in multi-panel codebook in R15.

In the following, we give discussion on possible precoder structure for the case of (Ng,N1,N2)=(2,1,1) and (4,1,1). For rank 1 and rank 2, the precoder structures for the use case of (Ng, N1, N2) = (2, 1, 1) and (4, 1, 1) can be reused with those already supported multi-panel codebooks in R15, which are listed as follows. Mode 1 is for wideband inter-panel co-phasing and mode 2 is for subband inter-panel co-phasing. By setting
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, the precoder structures for the use case of (Ng, N1, N2) = (2, 1, 1) and (4, 1, 1) can be obtained.

Mode 1: 
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Mode 2: 
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For rank 3 and rank 4, the codebook is hard to be obtained by extending the existing codebook structure. Some potential schemes had been proposed and three typical alternatives can be found in [1] and listed as follows:
Alt 1: Precoder structure supporting non-coherent transmission from groups of Ng/2 panels

For instance: 
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Alt 2: Precoder structure supporting coherent transmission from all panels
For instance: 
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Alt 3: Use single-panel rank-3/4 codebook
Since the agreed structure of inter-panel co-phasing brings the performance gain of multi-panel codebook compared with the structure in Alt 1 and Alt 3 under non-uniform panel array, coherent transmission should be a basic assumption in R15 for the multi-panel codebook design. Thus, Alt 2 is preferred from our perspective and the coherent precoder structure of the agreed type I multi-panel codebook should be maintained. 

Moreover, Alt 2 could be easily extended for subband inter-panel co-phasing mode (mode 2 in R15) while Alt 1 and Alt 3 could only be used in wideband inter-panel co-phasing mode (mode 1 in R15). Additionally, the design of Alt 1 and Alt 3 are not suitable for four panel cases. In the case, the design of Alt 1 is considerable complicated since it needs to determine which pairs of panels are better for coherent transmission or non-coherent transmission. Meanwhile, single panel codebook design in Alt 3 could not characterize the inter-panel co-phasing well in four panel cases.
In the following, we give some examples of the rank 4 precoder structure based on the above discussions in the case of (Ng, N1, N2) = (2, 1, 1):
(2 panel case)

Mode 1: 
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Mode 2: 
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(4 panel case)

Mode 1: 
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For rank 3, the precoder could be formed by taking 3 columns of the above rank 4 precoders.

Proposal 2: Codebook structure with coherent precoder design should be supported for (Ng,N1,N2)=(2,1,1) and (4,1,1) in R15 if supported.
3 Conclusions
In this contribution, our proposals are summarize in the following:
Proposal 1: Antenna configuration (Ng,N1,N2)=(2,1,1) and (4,1,1) should be captured in multi-panel codebook in R15.
Proposal2: Codebook structure with coherent precoder design should be supported for (Ng,N1,N2)=(2,1,1) and (4,1,1) in R15 if supported.
Text proposals for the specifications are at the end of this contribution.
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Appendix
Text proposal in 38.214 V15.0.0

------------------------------------------ Start of Text Proposal ----------------------------------------------

---------------------------------------- Unchanged parts omitted --------------------------------------------

5.2.2.2.2
Type I Multi-Panel Codebook

For 4 antenna ports {3000, 3001, 3002, 3003}, 8 antenna ports {3000, 3001, …, 3007}, 16 antenna ports {3000, 3001, …, 3015}, and 32 antenna ports {3000, 3001, …, 3031}, and the UE configured with higher layer parameter CodebookType set to 'TypeI-MultiPanel',
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The UE is also configured with the higher layer parameters TypeI-MultiPanel-CodebookSubsetRestriction and TypeI-MultiPanel-RI‑Restriction. The bitmap parameter TypeI-MultiPanel-CodebookSubsetRestriction forms the bit sequence 
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 is the MSB and where a bit value of zero indicates that PMI reporting is not allowed to correspond to any precoder associated with the bit. The number of bits is given by 
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 is associated with all precoders based on the quantity 
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, as defined below. The bitmap parameter TypeI-MultiPanel-RI‑Restriction forms the bit sequence 
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Table 5.2.2.2.2-1: Supported configurations of 
[image: image32.wmf](

)

12

,,

g

NNN

 and 
[image: image33.wmf](

)

2

1

,

O

O


	Number of 
CSI-RS antenna ports, 
[image: image34.wmf]CSI-RS

P


	
[image: image35.wmf](

)

12

,,

g

NNN


	
[image: image36.wmf](

)

2

1

,

O

O



	
	
	

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

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

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

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

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

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

	32
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	(4,4)


Each PMI value corresponds to the codebook indices 
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and 
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 is the associated RI value. When CodebookMode is set to '1', 
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When CodebookMode is set to '2', 
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The mapping from 
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Table 5.2.2.2.2-2: Mapping of 
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Several quantities are used to define the codebook elements. The quantities 
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Furthermore, the quantities 
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The codebooks for 1-4 layers are given respectively in Tables 5.2.2.2.2-3, 5.2.2.2.2-4, 5.2.2.2.2-5, and 5.2.2.2.2-6.

Table 5.2.2.2.2-3: Codebook for 1-layer CSI reporting using antenna ports 3000 to 2999+PCSI-RS
	CodebookMode='1', 
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	CodebookMode ='2', 
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Table 5.2.2.2.2-4: Codebook for 2-layer CSI reporting using antenna ports 3000 to 2999+PCSI-RS
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Table 5.2.2.2.2-5: Codebook for 3-layer CSI reporting using antenna ports 3000 to 2999+PCSI-RS
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Table 5.2.2.2.2-6: Codebook for 4-layer CSI reporting using antenna ports 3000 to 2999+PCSI-RS
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