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1. Introduction
The following agreements on NR Type I CSI feedback was 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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, 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
Agreements:
· At least Type I CSI feedback should support multi-panel scenarios by choosing one of the two following alternatives:

· Alt1: only wideband co-phasing factor across panels

· Alt2: wideband and subband co-phasing factor across panels 

· At least the following criteria should be used:

· Performance-overhead tradeoff

· Description of design goal, e.g. for channel compensation or hardware impairments  

· FFS: How to capture this feature (co-phasing factor across panels) in codebook design

· Examples: in W3 with W1W2W3, W1W3W2 or W3W1W2 structure, W1W2 where multi-panel co-phasing is included in either W1 or W2
· Other examples are not precluded

In this contribution we discuss our views on Type I CSI feedback. 
2. Discussion

In NR MIMO, the number of antennas used in gNB tends to be larger than that in LTE FD-MIMO. As mentioned in LTE [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 possible 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. 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.
From the above agreements, Type I codebook should support both single panel and multi-panel antenna structures.

2.1 Codebook for single panel antenna 

For single panel antenna, the antenna port grouping codebook is represented by
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where Alt-4 in the agreements is used as 
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, which is associated with beam grouping. 
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 is associated with beam selection and co-phasing (defined by Alt-3 in the agreements). 
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is a unit vector for beam selection, and 
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is the co-phasing factor with 
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 layers. If the same beam(s) is selected for each antenna port group, the codebook structure could be rewritten as 
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Figure 1 illustrates the antenna port grouping scheme assuming 32 antenna ports. The antenna ports of each polarization are divided into two groups, which results in a total of four groups.

[image: image11.emf]
Figure 1: Antenna grouping scheme
Proposal:
· Antenna port grouping based codebook should be supported for single panel antenna. 
2.2 Codebook for multi-panel antenna
For NR, typical 1D/2D multi-panel antenna structures have been identified in the previous meetings. In particular, a multi-panel 2D antenna array is divided into Mg/Ng panels in the horizontal/vertical dimensions, where antennas within each panels are closely placed and antennas across panels can be either closely or widely placed. The antenna port grouping scheme is well suited for the multi-panel antenna case, e.g. each group corresponds to the antenna ports per polarization per panel. 
For multi-panel antenna, the antenna port grouping codebook is represented by:
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where the antenna ports of all panels are divided into K groups and 
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 corresponds to the combination of both the inter-panel and the intra-panel co-phasing factor. 
Proposal:
· The antenna port grouping based codebook should be supported for multi-panel antenna. 
The angular spread, number of beams, and beam pattern can be significantly different due to different antenna deployment. Therefore, the group number K should be made as a configurable codebook parameter. For example, if the antenna ports per polarization per panel compose one group, K should be equal to Mg×Ng. If the antenna ports of each panel is divided into four groups (the above single panel case), K equals to 4×Mg×Ng.
Proposal:
· The antenna port group number K should be made as a configurable codebook parameter. 
In LTE the W1 matrices comprising beam groups are wideband while W2 matrices for beam selection and co-phasing are either wideband or subband. The subband W2 case takes into account the uncorrelated characteristics between two polarizations. For multi-panel antenna in NR, panels may be widely placed or not be well calibrated and in high frequency the sources of phase noise can be different. In these scenarios, the antenna of different panels also tends to be uncorrelated. Then in addition to wideband, it is reasonable to support subband co-phasing factor across panels.

Proposal:
· Support subband co-phasing factor across panels. 
3. Conclusions

In this contribution we discussed codebook design for Type I CSI feedback in NR. Based on the discussion our views are summarized below.

Proposals: 

· The antenna port grouping based codebook should be supported for single panel antenna. 
· The antenna port grouping based codebook should be supported for multi-panel antenna. 
· The antenna port group number K should be made as a configurable codebook parameter. 
· Support subband co-phasing factor across panels. 
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