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Introduction
The following agreements on NR Type I CSI feedback were reached in RAN1 NR Ad-Hoc meeting:
Agreements:
· For Type I for single panel case with two-stage, i.e. W1W2, codebook-based PMI feedback, 
· Bi in W1 consists of a set of L DFT beams 
· For all ranks: FFS value(s) of L 
· FFS: Orthogonal or non-orthogonal beams
· Select from following alternatives:
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        Alt4: , B as Alt 3
· Other alternatives are not precluded
· Note: the above matrices are constructed with 2D DFT precoders
· W2 is constructed, by down-selecting from following alternatives: 
· Alt 1: co-phasing only; beam selected wideband (in W1). 
· Alt 2: basis combination coefficient based on L basis based W1
· Alt 3: beam selection and co-phasing from L-beam based W1
· Alt 4: LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook) (NOTE: W1 and W2 are derived from different set of CSI-RS resources)
· Other alternatives are not precluded
In the last meeting, some candidate beam group patterns have been agreed as follows:
Agreements:
· For 2D port layout, candidate beam group patterns for Alt.b for L=2 (if supported) are as follows.
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· FFS: the value of d1 and d2
· For 2D port layout, candidate beam group patterns for Alt.b for L=4 (if supported) are as follows.
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· FFS: the value of d1 and d2
· Other patterns are not precluded.

In this contribution we provide our views on Type I CSI feedback for single panel case. 
Discussion


In LTE Rel-13/14, the class A codebook design is two-stage structure, i.e. W1W2, where W1 is a block diagonal matrix with each block composed of a group of beams (Alt 3 of the above agreements), and W2 targets for beam selection and co-phasing (Alt 3 of the above agreements). The codebook is configured with 5 RRC parameters; besides the antenna port number values  and the oversampling factors , there are four configurations according to the parameter Codebook-Config. These four configurations correspond to four beam group patterns. Such codebook design achieves a compromise between the system performance and feedback overhead. In NR MIMO, as Type I CSI supports normal spatial information feedback, it is reasonable to reuse the LTE class A codebook structure.
Proposal:
· Alt-3 of W1 and Alt-3 of W2 are supported to be used for the two-stage codebook structure for Type I CSI feedback.
In NR, the number of antennas used in gNB tends to be larger than in LTE FD-MIMO. As mentioned in [1-3], with the increasing antenna number, the beam width of each polarization becomes narrower. Therefore the range of the DOA covered by the beams in W1 is reduced, which may impact the system performance. Antenna port grouping is a candidate to deal with such issue. This scheme divides the antenna array into multiple antenna port groups. Due to the antenna port grouping, the beam generated by each antenna port group becomes wider and therefore, the beam coverage issue can be solved. Beam(s) are selected for each antenna port group and co-phasing factor is used to adjust the phases of different antenna port groups. In addition, larger number of antenna port groups (4 in Alt 4) facilitates the generation of multiple orthogonal beams, which is beneficial to high rank codebook.

In the following, we only give the rank=4 codebook expression for single panel antenna as an example. For rank=1, 2 and 3 codebook, the first one, two and three columns of  could be used instead. The antenna port grouping codebook for rank=4 is represented by








where  is composed of two parts, i.e. beam grouping (Alt 4 of the above agreements) and inter-group co-phasing. denotes the unit matrix. The inter-group co-phasing  aims to adjust the phase between the two antenna port groups in the same polarization. With certain correlation between these two antenna port groups, the inter-group co-phasing could be reported in wideband.  is associated with beam selection and inter-polarization co-phasing (Alt 3 of the above agreements). is a unit vector for beam selection, and is the inter-polarization co-phasing factor. 




The antenna grouping could be divided in either the first dimension or in the second dimension. Figure 1 illustrates the antenna port grouping scheme assuming 32 antenna ports. The antenna ports of each polarization are divided into two groups in the first dimension, which results in a total of four groups. According to the WA in RAN1#87 meeting, {1,2,4,8,12,16,[24],32} ports are all supported in NR, which results in multiple antenna layouts. If we have the oversampling factors , those antenna port layouts with  are equivalent to the corresponding layouts. In this way, it is reasonable to reduce the antenna layout number with  restriction. Then the antenna ports could be always divided in the first dimension.

[image: ]
Figure 1: Antenna port grouping scheme
Considering the codebook size and the codebook performance, it is preferred to define the 2bits inter-group co-phasing and the 1bit inter-polarization co-phasing as follows:



 



Therefore, the W1 codebook size is  bits, where  define the beam group offsets. The W2 codebook size is  bits. With L=1, only 1bit W2 is obtained, which results in low feedback overhead.
Proposal:
· The antenna port grouping based codebook should be supported at least for high rank.
Conclusions
In this contribution we discussed codebook design for Type I CSI feedback in NR. Our views are summarized below.
Proposals: 
· Alt-3 of W1 and Alt-3 of W2 are supported to be used for the two-stage codebook structure for Type I CSI feedback.
· The antenna port grouping based codebook should be supported at least for high rank.  
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