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Introduction
In RAN1 #87, the following agreements have been made as a progress on Type I and Type II CSI feedback design in NR:
Agreements:
· For Type I CSI, PMI codebook has at least two stages W = W1W2
· W1 codebook comprises of beam groups/vectors 
· FFS structure and configuration of W1 codebook, e.g. number of ports, grid of beams, orthogonal, non-orthogonal, beam broadening, etc
· FFS frequency granularity of W1 and W2 reporting
· FFS on additional support of W3 (location of W3 matrix is FFS), e.g. multi-panel support, analog beam selection
· Note multi-panel support may be captured in W1, W2 and/or W3
· For Type II CSI, 
· Study the following CSI feedback schemes
· Analog CSI feedback
· Linear combination based CSI feedback
· For example
· Projection of channel and/or covariance matrix and/or eigenvectors onto a basis
· Linear combination of a basis
· Schemes may have orthogonal and/or non-orthogonal basis
· Quantization examples
· Magnitude and phase
· Real and imaginary
· Vector quantization
· Precoder/ Precoding Matrix
· Downloadable codebook
· Contents for Quantized or Unquantized CSI feedback
· Channel covariance matrix feedback
· e.g. Hermitian-form codebook, analog CSI feedback, linear combination codebook
· Channel Approximation and/or Measurement 
· e.g. analog CSI feedback, linear combination codebook
· Channel Eigen vectors
· e.g. analog CSI feedback, linear combination codebook
· Other forms of channel representation are not excluded.

In this contribution, we discuss further details on Type I CSI feedback design.
Codebook for Type I CSI feedback
A multi-component codebook structure has been introduced to tailor the CSI feedback overhead by exploiting the long-term and short-term channel characteristics. The multi-component codebook structure is reused for 2D rectangular array in the context of eFD-MIMO in LTE.
In NR, a new antenna model using one or more antenna panels has been agreed as shown in the Figure 1. In each panel, 2D rectangular array which has been assumed in eFD-MIMO is equipped. In the previous RAN1 meeting, the use of two stage codebook as similar to LTE has been agreed for Type I CSI. Given that the antenna configuration within a panel is the same as in LTE, it seems to be straightforward to consider the LTE codebook structure W1W2 as a starting point at least for the antenna ports within a panel.
It has been agreed to consider both uniform array and non-uniform array, where the antenna spacing between adjacent antennas in different panels may have a larger antenna spacing than the adjacent antennas in the same panel in non-uniform array case. If the antenna array is uniform even when multiple panels are used, it can be considered as a single panel with a larger number of antenna array in terms of channel characteristics. On the other hand, the channel properties in non-uniform array may be different from the single panel case (i.e., LTE) as the spatial correlation between adjacent antennas in different panel will be lower than the spatial correlation between adjacent antennas if the same panel.
A simple way to extend the two stage codebook structure for the antennas with multiple panels could be introducing a new component precoder which can handle the channel properties across panels. For example, if the antenna spacing between panels is much larger than the antenna spacing between adjacent antennas in a panel, short-term co-phasing component precoder can be introduced as the spatial channel will be less correlated between panels. The figure 1 shows an example composite precoder with three stage codebook structure including a new component precoder (Wn) for handling of multiple panels. Assuming that the best beam direction is the same from all panels from a UE perspective, a panel-specific precoder Wp may be common for all panels and co-phasing component precoder for multiple panels can be expressed with a Kronecker product such as .


Figure 1. An example of multi-component codebook structure for multiple panels
Proposal-1: introduce a multi-panel component precoder for Type I CSI feedback
When multiple panels are used, there is a case that the RF chains of the multiple panels are not calibrated so that a coherent joint transmission from the multiple panels may not be supported. It has been agreed that RAN1 will consider the case that TXRUs in different panels are not synchronized, thus the impact should be taken into account for the codebook design.
The multi-panel component precoder can be potentially used even when the multiple panels are not synchronized. For example, if multiple panels have a timing difference, the multi-panel component precoder can be used as phase-shift matrix to correct the timing error so that coherent joint transmission across multiple panels may be supported. Alternatively, the multi-panel component precoder may be used as panel selection matrix which is similar to dynamic point selection assuming that each panel is considered as an individual TRP. Therefore, it is recommended to study potential use of a multi-panel component precoder to improve the performance when multiple panels are not synchronized.
Proposal-2: study potential use of a multi-panel component precoder when multiple panels are not synchronized
In NR, the supported antenna configurations including the number of antenna panels, antenna elements, TXRUs, and antenna ports may be different according to the frequency band and the use cases. However, it is always desirable to have a single unified codebook structure for all cases in order to minimize the standard efforts as well as implementation complexity. The three stage multi-component codebook structure seems to be general enough to support all the antenna configurations considered in NR. Therefore, it is recommended that RAN strives to design a unified codebook structure for all antenna configurations in NR irrespective of the frequency bands.
Proposal-3: strive to design a unified codebook structure irrespective of antenna configurations and frequency bands 
Summary
In this contribution, we discussed on the codebook design for Type I CSI. Based on the discussions and observations, we propose followings:
Proposal-1: introduce a multi-panel component precoder for Type I CSI feedback
Proposal-2: study potential use of a multi-panel component precoder when multiple panels are not synchronized
Proposal-3: strive to design a unified codebook structure irrespective of antenna configurations and frequency bands
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