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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 the types of feedback information that can be used to provide the transmitter with the necessary information needed for transmit precoding/beamforming in the NR.  
2
Background 
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.  

Acquiring the accurate CSI needed to fully exploit the capabilities of large scale antenna arrays is a challenging design problem whether the system is TDD or FDD. In TDD, reciprocity can be leveraged, but there are various challenges such as UL transmit power limitations, UL interference, and non-ideal channel estimation. In FDD, it is possible to leverage the reciprocity in various aspects of the channel (e.g., bulk parameters such as angles of arrival and departure and time delays), but the full benefits of MU-MIMO transmission in many cases may require accurate knowledge of the time-frequency channel at the fading level. In FDD, there is the unavoidable trade-off between the level of accuracy and the required level of feedback overhead.  
Other issues to consider are the number of antenna ports / beam ports over which the channel state information is needed. For example, a full digital array with 32 or 64 antenna ports has is capable of a much higher degree of resolution in the beamforming/precoding process, which therefore necessitates a higher accuracy in the CSI to achieve optimal performance.
As discussed in [1], the basic set of CSI includes the Channel Quality Indicator (CQI), Precoding Matrix Indicator (PMI), Rank indicator (RI), and some type of indicator of the best beam(s) (e.g., CRI in LTE or BI in NR).  With link adaptation being important, an Interference Quality Indicator (IQI) is an additional helpful component that not only could capture the external interference seen by a UE but could also capture an estimate of the co-scheduled cross-talk in MU-MIMO transmission.  
In this contribution we will focus on feedback methods intended to perform the same functionality as the PMI, namely to provide the information sufficient to enable the base to form the transmit beamforming weights or precoding weights needed for DL SU-MIMO or DL MU-MIMO transmission. We first discuss the CSI feedback types and then discuss various other issues and trade-offs.  
3
CSI Feedback Information Types
3.1 Implicit CSI Feedback 

The term 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. Codebook feedback is a primary example of implicit feedback, and a long history exists in the area of codebook design. As is well understood, the broad idea behind codebook feedback involves the establishment of a set (codebook) of possible precoder vectors/matrices, and the UE computes and feeds back one or more preferred precoder vector/matrices to the base. Efforts to improve on the basic codebook concept has taken several forms in various LTE releases.  
· Matching the codebook design to the array configuration (e.g., a ULA or a XP array) (e.g., the Rel-12 4TX codebook)

· Decomposing the codebook into a long-term component and a short-term component (e.g., the W1, W2 decomposition in the LTE Rel-10 codebook)

· Leveraging a Kronecker structure in 2D arrays

In the NR, the introduction of a beam-based air interface poses some additional considerations for the use of codebook-based PMI feedback. The beam-based air interface has its origins in the class B feedback from Rel-13 FD-MIMO, where the UE indicates which of several CSI-RS resources are preferred, and the UE sends back CRI or BI feedback.  In NR, it would be good to unify the class A and class B feedback from Rel-13/14 FD-MIMO with a single class of feedback. For the number of ports needed to be supported for NR, the codebook feedback options in Rel-14 should be prioritized as the starting point.  
Proposal 1:  For the NR codebook design, Rel-14 and prior codebooks should be the default starting point.  
Some of the basic concerns with implicit or codebook feedback relate to the level of accuracy that can be obtained and whether that level is sufficient for enabling high-order DL-MU-MIMO spatial multiplexing.  For example, with MU-MIMO transmission based on the combination of beam steering and null-steering, the level of accuracy required for effective null-steering is much greater than the level of accuracy required for simple beam steering.  For large numbers of ports being used (e.g., 32), the use of transmit null-steering for accurate cross-talk suppression becomes important for providing the full performance benefits of MU-MIMO. However, with large scale arrays operating in a beam-based air interface can enable relatively simple MU-MIMO strategies and complex codebook designs might not be needed. For example, in [3], a grid-of-beams-based MU-MIMO approach was shown to provide significant gains over SU-MIMO with an (8,16,2,1,1) array even in the challenging 30GHz UMa scenario, and explicit cross-talk suppression (e.g., transmit null-steering) was not used.
Proposal 2: For supporting MU-MIMO with large scale arrays, evaluate the tradeoffs in performance, complexity and overhead for codebook designs aimed at large numbers of ports versus leveraging beam-based SU/MU-MIMO strategies that involve far fewer ports.  
3.2 Explicit CSI Feedback 
In 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 then enables the base to compute a transparent (or vendor-specific) beamforming/precoding weights applicable to both SU-MIMO and MU-MIMO. 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 transmit weight calculation, e.g., transmit null-steering/zero-forcing). Various types of explicit feedback information have been proposed over the years, including encoding and feeding back the channel covariance matrix, the dominant eigenvectors, channel gain coefficients, time-domain parameters, and channel parameterization methods. In general the reporting mechanisms for explicit feedback would likely reuse the framework designed for implicit feedback. A more detailed discussion of the topic of explicit CSI feedback is contained in a companion contribution [2]. Previous performance results showing the benefits of advanced high resolution feedback were shown in [4].  

Proposal 3: 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).
4
Conclusions
In this contribution we have presented views with respect to the CSI feedback types in NR. The following proposals were made:

Proposal 1:  For the NR codebook design, Rel-14 and prior codebooks should be the default starting point.  
Proposal 2: For supporting MU-MIMO with large scale arrays, evaluate the tradeoffs in performance, complexity and overhead for codebook designs aimed at large numbers of ports versus leveraging beam-based SU/MU-MIMO strategies that involve far fewer ports. 
Proposal 3: 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).
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