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1
Introduction
During the previous RAN1 meeting, the following has been agreed:

· A simplified CSI acquisition framework should be studied in NR, which could support

· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback

· CSI acquisition based on different degree of reciprocity
· Other features to be supported

· The implicit CSI feedback methods should be studied in NR

· Codebook design

· Interference measurement based on interference measurement resource which could be one or more of the following options

· ZP CSI-RS (if supported)
· NZP CSI-RS (if supported)
· DMRS (if supported)
· Other resources are not precluded
· CSI feedback based on DMRS (if supported)
· The explicit CSI feedback methods should be studied in NR

· Feedback of channel covariance matrix

· Feedback of channel matrix 

· Feedback of channel eigenvector

· Both quantized and unquantized/analog feedback

· Other methods are not precluded
· CSI measurement and reporting with the following components should be studied in NR

· Wideband/long-term CSI

· Subband/short-term CSI

· Explicit CSI

· Implicit CSI

· Configuration of the above components individually or jointly is FFS

In this contribution we discuss various aspects of the different feedback types described in the above agreements.  We focus on explicit feedback and discuss the motivation and potential advantages of considering explicit feedback in the NR MIMO framework.
2
Background and Motivation
Acquiring accurate channel state information is a critical component of the downlink multi-antenna schemes in the NR.  Accurate CSI can be used to improve both coverage and capacity performance through accurate high gain beamforming/precoding and high-order spatial multiplexing.  Compared to single-user spatial multiplexing (SU-MIMO), multi-user spatial multiplexing (MU-MIMO) is especially sensitive to the quality of the CSI when a transmission scheme is used that attempts to explicitly minimize the cross-talk between the co-scheduled users.  

As discussed in [1], CSI feedback information can be classified as either implicit or explicit.  Implicit CSI feedback refers to the concept of feeding back information that does not directly or explicitly capture the channel response between the transmit array and the receive array, and codebook feedback is a primary example of implicit feedback.  In contrast, with explicit feedback, the goal is to report information that directly captures the channel response or a component or statistic of the channel response.  The information provided with explicit feedback enables the base to compute a set of transparent (or vendor-specific) beamforming/precoding weights applicable to both SU-MIMO and MU-MIMO.  A basic concern with implicit or codebook feedback relates to the level of accuracy that can be obtained and whether that level is sufficient for enabling high-order DL-MU-MIMO spatial multiplexing.  The primary motivation for considering explicit feedback stems from the potential to provide more accurate information for enabling the base to carry out the necessary steps for SU and MU MIMO transmission (MU-MIMO UE pairing and high resolution transmit weight calculation, e.g., transmit null-steering/zero-forcing).  In general the reporting mechanisms for explicit feedback would likely reuse the framework already designed for implicit feedback.

One of the issues with NR is the number of ports to be used for precoding/beamforming on the downlink.  For example, a full digital array with 32 or 64 antenna ports is capable of a high degree of resolution in the beamforming/precoding process, which therefore necessitates a higher accuracy in the CSI to achieve optimal performance compared to arrays with a small number of ports.  However, with a beam-based air interface (for example intended for operation with a hybrid array or a severely range-limited environment), the number of ports could be relatively small (perhaps 2-8 ports).  With beam-based transmission with a few ports, the need for accurate CSI may not be as critical as with a large number of ports (for example, see [2] and [3]).
Proposal 1: Study the use of high resolution CSI feedback for operation with a hybrid array (i.e., a relatively few ports used in the data transmission) and for operation with a full digital array (i.e., relatively large number of ports used in the data transmission).

3
Explicit Feedback Types 
Various types of explicit feedback information have been proposed over the years:

· Feeding back the channel covariance matrix.  An example for feeding back the channel covariance involves encoding the diagonal and one of either the lower or upper diagonal entries (the upper entries are conjugated versions of the lower entries).  
· Feeding back the dominant eigenvectors of the covariance matrix optionally along with scaling factors corresponding to the associated eigenvalues.
· Feeding back frequency-domain channel components

· Feeding back time-domain channel components.  An example is to parameterize the frequency domain channel according to some number of time-domain channel taps with gain and phase, and the tap values are fed back to the base.  
· General techniques for parameterizing the matrix channel response and feeding back the channel parameters that enable a reconstruction of the estimated channel response.  For example, compressed Sensing or other techniques can be used for parameterizing a sparse matrix channel response for low overhead feedback.  
Another issue to consider with explicit feedback is the efficient encoding and updating of the feedback information.  When accurate channel knowledge is required (e.g., by transmit null-steering for MU-MIMO), tracking the channel across both time and frequency becomes very important for achieving optimal performance.  However, there will be the unavoidable tradeoff in performance versus feedback overhead.  
Proposal 2: Study the various mechanisms for high resolution CSI feedback and explore the tradeoffs in performance and required level of feedback.
4
Conclusions
In this contribution we have presented views with respect to explicit CSI feedback reporting in NR.  
The following proposals may be summarized:

Proposal 1: Study the use of high resolution CSI feedback for operation with a hybrid array (i.e., a relatively few ports used in the data transmission) and for operation with a full digital array (i.e., relatively large number of ports used in the data transmission).

Proposal 2: Study the various mechanisms for high resolution CSI feedback and explore the tradeoffs in performance and required level of feedback.
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