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1 Introduction
During RAN1 NR AH, progress was made on Type I and Type II CSI codebooks framework. The following agreement was reached regarding type I CSI codebook  
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 were also reached on Type II CSI codebook:

Agreements:
· The following three categories of Type II CSI are considered:

· Category 1: Precoder feedback

· Category 2: Covariance matrix feedback

· Category 3: Hybrid CSI feedback i.e. Type II CSI codebook can be used in conjunction with LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook)

Agreements:
· Support at least one scheme taken from Category 1, 2, and/or 3 for Type II CSI

· Possible down selection can be performed throughout Phase I WI

· If more than one schemes is supported, these schemes should be complementary

· This includes further refinement within each category

· Note: other schemes within each category are not precluded

· Descriptions for Category 1 and 2 are given in the following slides

· For the purpose of summary in TR38.802

· Category 1: precoder feedback based on linear combination codebook

· Dual-stage W = W1W2 codebook 

· W1 consists of a set of L orthogonal beams, e.g. 2D DFT beams

· The set of L beams is selected out of a basis, e.g. oversampled 2D DFT beams

· Beam selection is wideband

· W2: L beams are combined in W2 with common W1

· Subband reporting of phase quantization of beam combining coefficients

· Beam amplitude scaling quantization can be configured for wideband or subband reporting

· Category 2: covariance matrix feedback

· A quantized/compressed version of covariance matrix is reported by the UE

· Quantization/compression is based on a set of M orthogonal basis vectors

· Reporting can include indicators of the M basis vectors along with a set of coefficients

· FFS: basis set 

· Category 3: Hybrid CSI feedback 

· Type II Category 1 or 2 CSI codebook can be used in conjunction with LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook)

· The LTE-Class-B-type-like CSI feedback can be based on either Type I or Type II CSI codebook

In this document, we provide our view on CSI decomposition and codebook design. First we provide a description of CSI feedback framework, we then present our views on how this decomposition framework can be supported in CSI codebook feedback. 
2 NR CSI Feedback Framework
General MIMO channels can be decomposed into 3 component covariance matrices based on the structure of the channels’ covariance matrix. The component covariance matrices are the channel covariance matrix in the Horizontal domain (H-domain), the channel covariance matrix in the Vertical domain (V-domain) and the channel covariance matrix in the Uncorrelated domain (U-domain). Each of the component domains characterizes how the PMI changes (in time and frequency), and the type of precoders that are optimal. The H, V and U domains are extracted from the structure of the channel covariance matrix as follows 
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 are respectively the Vertical domain covariance matrix of size Nv x Nv, the Horizontal domain covariance matrix of size NH x NH and the uncorrelated domain covariance matrix of size NU x NU, such that NV x NH x NU is equal to the total number of transmit antennas. 

The three component covariance matrices characterize the covariance of the MIMO channel matrix which is highly related to the antenna structure, particularly the correlation between antenna elements and the channel angular spread. The H and V domain represent the channel response between the antennas within correlated distance, and the U domain represents the channel between uncorrelated antennas, e.g. antennas in different sub-panels, different cross-polarizations or different TRPs. Examples of the three different domains are illustrated in Figure 1.
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Figure 1: Decompose MIMO channel into H, V and U domains

The CSI feedback format, payload bits and quantization method could be very different for different domains, depending on the antenna panel structure at the transmitter and the characteristics of the channel. An example of CSI feedback taking into account different domains is as follows:
· Wideband DFT-based precoders with long term feedback for H and V domain 
· Sub-band precoders with short term feedback for U domain.
Furthermore, the CSI feedback for the different domains is derived from different sets of CSI-RS resources. The gNB (or other node in the network) configures separate CSI-RS resources for UE to measure on each domain. Note that the time-frequency granularity of the CSI-RS for the different domains can be different, i.e. more dense RS for one domain compared to others. 

3 CSI Codebook Framework
The codebook-based feedback for the NR MIMO transmission is dependent on the TX antenna structure, in particular the correlation between the antenna elements, the number of panels per TRP, the 2-D layout of the antennas elements that form a subpanel, etc. The decomposition of the channel covariance matrix into different domains (H-domain, V-domain, and U-domain) reflects this antenna structure, and the codebook-based feedback design, in terms of flexibility and accuracy should be in line with the channel decomposition. 

The channel decomposition presented in Section 2 and evaluated in our companion paper [1], allows a codebook design that supports different CSI reporting capabilities that supports single and multi-panel antenna structures at the TRPs. 

The codebook design for the presented MIMO decomposition framework can be based on one or multiple RS reports, derived from one or multiple resource settings of CSI-RS measurements resources.
We present two general configurations of the CSI feedback framework.

1. CSI-feedback framework based on multiple RS report settings.

2. CSI-feedback framework based on one RS report setting
For the first configuration, the gNB can configure one resource setting for the UE to measure CSI-resources corresponding to one or multiple domains (e.g. H and V domain), to which one corresponding report setting is configured at the UE. Another resource setting is configured at the network, given the received RS report(s), such that the CSI-RS is precoded with knowledge of H and V domain channel information. Another report setting is then configured at the UE for measuring other components of the channel. An example of the first configuration is illustrated in Figure 1, where 2 RS report settings are configured for measuring H and V domains and U domains, respectively. 


This configuration draws similarities with a hybrid CSI feedback framework applicable to both type I and type II CSI feedback.
Proposal 1: CSI feedback configurations based on at least one CSI report setting is needed for NR

For the second configuration, one CSI report setting is used for CSI feedback, corresponding to one or multiple resource settings. An example of the report setting options can be a dual-stage codebook design W= W1W2, for type I or type II CSI feedback (category 1 or 3), or covariance matrix report (category 2) for a type II feedback.  In the general configuration, the report setting can correspond to multiple resource settings such that the UE reconstructs the channel from the CSI-RS measurements in the multiple resource settings, and builds a CSI feedback report based on a dual-stage codebook or a covariance matrix or otherwise. 

Figure 2 gives an example illustrating the second configuration. The gNB can configure multiple CSI-RS resources for the UE to measure on each domain (H, V and U) in one resource setting. The channel covariance matrix is then constructed based on the CSI-RS measured from the three different domains and the codebook is constructed based on the derived channel knowledge from the different CSI-RS measurements. The codebook is fed back in one RS report setting, such that in the dual-stage codebook design, the first stage W1 codebook is used to report on long term CSI for the H and V domains, using e.g. orthogonal DFT beams. W2 is used to report on U-domain including polarization, and multi-panel transmission. The multiple CSI-RS resources are used to construct both W1 and W2 codebooks. 
The gNB can further configure multiple CSI-RS resources for the UE to measure on each domain, such that different resource settings are needed for different CSI-RS resource measurements. The UE then uses one RS report for feedback. Each configured resource setting is used to measure CSI-RS resources corresponding to one or more of the H, V and U domains in the channel decomposition. 


Observation: A CSI feedback configuration that maps several resource settings into one RS report setting provides the flexibility and scalability needed for the type I and type II CSI feedback framework. 
Proposal 2: NR should support type I and type II CSI codebook that maps one CSI report setting to multiple resource settings.

4 Summary 

In this contribution, we discussed type I and type II CSI codebook applicable for the general MIMO channel decomposition framework.  We showed that a flexible report and resource setting configuration is important for the scalability and accuracy of the CSI codebook.

We made the following observation

Observation: A CSI feedback configuration that maps several resource settings into one RS report setting provides the flexibility and scalability needed for the type I and type II CSI feedback framework. 
And we proposed:

Proposal 1: CSI feedback configurations based on at least one CSI report setting is needed for NR

Proposal 2: NR should support type I and type II CSI feedback that maps one CSI report setting to multiple resource settings.
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Figure 2: CSI feedback configuration based on multiple CSI report settings





Resource setting 


(H-Tx CSI-RS)


(V-Tx CSI-RS)





Resource setting 


(U-Tx CSI-RS)





e.g. W1


2D DFT


Measured H, V





e.g. W2


Measured U





RS Report 





Figure 2: An example of CSI feedback design using one report setting 








