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1. Introduction
The following agreements on NR CSI feedback was reached in RAN1#86bis and RAN187:
Agreements:

· NR supports CSI reporting with two types of spatial information feedback

· Type I feedback: Normal 

· Codebook-based PMI feedback with normal spatial resolution

· Type II feedback: Enhanced 

· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 

· For Type I and II, CSI feedback per subband as well as wideband feedback are supported

· For Type I and II, beam-related feedback can be included

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 briefly discuss our views on Type I CSI. 
2. Discussion

It was agreed that Type I and Type II supports normal spatial resolution and higher spatial resolution, respectively.  
In LTE codebook-based feedback the number of antenna ports ranges from 2 to 32, which is categorized into two codebook classes. Class A codebook supports antenna port 8 and above, while class B codebook support antenna port 8 and below. 

Class B feedback targets non-FD-MIMO deployment or massive MIMO with beamformed CSI-RS. These include legacy 2/4Tx codebook, and enhanced 2/4/8 port Class B codebook with “port selection” type of precoders. The latter is built on the premise of  an eNB implementation that projects each port in a different elevation/azimuth angle, as such a single antenna port is selected by each W matrix. 
Class A feedback targets FD-MIMO deployment with non-precoded CSI-RS. As each port corresponds to a cell-wide beam, Class A codebook is built on dual-codebook structure W = W1W2 where W1 comprises a set of 1D/2D DFT beams and W2 implements beam selection/co-phasing. Furthermore, higher resolution W designs are introduced in Rel.14 where W2 matrices perform additional beam combination of selected beam(s). 

It is believed that NR MIMO should support both below 6GHz and above 6GHz carrier frequency, as well as different antenna port configuration including as low as 2Tx. As such a common unified codebook framework should at least be introduced for all antenna port numbers. Additional codebook structure (if warranted) may be introduced for other typical deployment use cases, possibly for a subset of antenna port number/ configurations. For example, if the dual-codebook structure W=W1W2 where W1 comprises a set of DFT beams and W2 performs beam selection is adopted in NR, it should support support antenna port number ranging from 2 to 32. This enables a common MIMO feedback scheme for both legacy and massive MIMO array. Port selection W2 codebook for beamformed CSI-RS can be supported for a subset of antenna port configurations (e.g. 2/4/8) where beamformed CSI-RS is deemed more suitable, e.g. >6GHz carrier frequency. 
Proposal:

· Adopt at least one single unified codebook framework (e.g. W1 indicting beam group and W2 performing beam selection) for all antenna port numbers in NR. 
· Additional codebook structure (e.g. W=W2 port selection codebook) may be considered for typical deployment in NR, possibly for a subset of port numbers (e.g. 2, 4, 8).
In LTE the W1 matrices comprising beam groups are wideband while W2 matrices for beam selection/combination are either wideband or subband. Wideband W1 in LTE is reasonable as the maximum system bandwidth is only 20MHz, which can be sufficiently covered by one W1 beam group. For NR the maximum system bandwidth is still FFS but expected to be significantly higher than LTE, possibly in the range of a couple of hundreds MHz. In this case it is worth studying whether wideband W1 beam group is still sufficient to reflect the group of beams over several hundred mega hertz bandwidth. In this case there are several possible alternatives:

· Alt.1: The number of beams per W1 is increased to accommodate the larger system bandwidth, e.g. from 4 to 8.

· Alt.2: Retain similar number of beams in W1, while making W1 subband 

Both should be studied considering codebook size, CSI overhead, UE complexity and system performance. 

In case subband W1 is introduced we believe its frequency granularity should be no smaller than that of W2. 
Proposal: 

· Wideband W1 is supported; FFS if W1 can be subband or the number of beams in W1 is to be increased.
In LTE the subband size of CQI/PMI is uniquely determined as a function of the system bandwidth, a principle adopted far back in Rel.8 to limit the number of CSI configurations. This is no longer suitable for NR where channel propagation properties and the frequency-selectivity of the channel, can be diverse and independent of configured bandwidth of the UE. Furthermore the CSI spatial / frequency granularity should be adjusted based on the type of traffic that the UE is scheduled with, rather than the system bandwidth. 
Proposal:

· W1/W2 frequency granularity is configurable independent of system bandwidth

The typical number of TXRU assumed in LTE codebook has been upper bounded at 32 where close antenna spacing and high inter-element correlation was usually assumed in the codebook design (e.g. motivating the DFT beam concept). For NR, typical 1D/2D multi-panel antenna structures have been identified in the previous meetings and should be the baseline of a unified codebook framework in NR. 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 angular spread, number of beams, and beam pattern can be significantly different due to different panel placement. The common codebook framework should take into account multi-panel MIMO structure where the number of panels (Mg and Ng) are configurable codebook parameters (c.f. [3]). In case there is a single panel (e.g. Mg = Ng = 1) the codebook should fall back to LTE-like codebook structure with block diagonal W1 beam groups and W2 beam selection/combining.
Proposal:
· Support multi-panel antenna structure in a single unified codebook framework where number of panels (Mg and Ng) are configurable codebook parameters. 
3. Conclusions

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

Proposal: 

· Adopt a single unified codebook framework (e.g. W2 beam selection) for all antenna port numbers in NR. 
· Additional codebook structure (e.g. W=W2 port selection codebook) may be considered for typical deployment in NR, possibly for a subset of port numbers (e.g. 2, 4, 8).
· Wideband W1 is supported; FFS if W1 can be subband or the number of beams in W1 is to be increased.

· Frequency granularity of W1/W2 is configurable independent of system bandwidth.
· Support multi-panel antenna structure in a single unified codebook framework where number of panels (Mg and Ng) are configurable codebook parameters.
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