
3GPP TSG RAN WG1 AH_NR Meeting                                     
 R1-1700223
Spokane, USA, 16th - 20th January 2017
Source:
CATT
Title:
Discussion on Type II feedback
Agenda Item:
5.1.2.2
Document for:
Discussion and Decision
1. Introduction
In RAN1#86bis and RAN1#87 meeting the following agreements on CSI reporting were reached for NR:

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 present our views on Type II CSI feedback. 
2. Discussion

NR needs to support a wide range of use cases which may be different in termers of system bandwidth, propagation conditions, carrier frequency and antenna configurations.  As opposed to introducing a different feedback method for each use case, it is preferable to have a single unified framework that is applicable to the majority of typical use cases, while each use case corresponds to a set of configurable parameters under the common framework. 

Unlike Type I feedback which utilizes a precoder quantization codebook, a clear consensus on the contents of information to be reported in Type II feedback has not been formed. As of now it seems there are two different directions as to the contents of Type II quantization
· Codebook-based feedback,

· Explicit feedback, representative of the spatial domain propagation characteristics between Tx/Rx antennas, 
· e.g. covariance matrix, eigen-components, spatial channel H
· Implicit feedback, reprehensive of precoding matrix quantization

· Same paradigm as LTE
· Non-codebook-based feedback

· Explicit feedback, e.g. element-wise quantization of channel or covariance, analog feedback
Both are promising candidates and further studies are necessary to identify their performance potential in relative to Type I feedback as well as the system overhead (e.g. CSI payload, feedback channel design). 
It also can be discussed whether NR will support one, or both candidates. 
Codebook-based feedback
Assuming both explicit and implicit feedback are to be supported in Type II feedback there are different ways to standardize those in NR. One alternative is to introduce two different mechanism in the RAN1 specification (e.g. codebooks, feedback channels, UE behaviors) for implicit and explicit feedback respectively. As discussed above this is expected to create a significant amount of specification work load, not only in RAN1 but also in RAN4. 
An alternative is to only specify quantization codebook and feedback channel in the RAN1 specification, without explicitly specifying whether implicit or explicit CSI components are reported. Likewise how UE utilizes the codebook, what the reported codebook index means are unspecified and left to UE implementation. Then RAN4 testing will introduce test cases to verify if UE implementation correctly utilize the feedback codebook. It is likely that for explicit and implicit feedback different RAN4 test cases are needed but these are anyway out the scope of RAN1 discussion. The advantage of this alternative is significantly simplified RAN1 specification and work load. On the other hand, it remains to be studied if this approach leads to any restriction in NR MIMO operation, e.g. gNB scheduling. For instance it is possible that one UE uses the codebook to report quantized precoding subspace and another UE uses the codebook for spatial channel quantization. In this case if and how gNB co-schedules these two UE with completely different type of CSI in MU-MIMO transmission needs to be studied. 
Proposal:

· Strive for a single feedback codebook to support quantization of different types of feedback objects (e.g. explicit channel/interference and/or precoding subspace)
· How UE calculate the feedback contents should be preferably left to UE implementation and RAN4 testing 
Non-codebook-based feedback

Generally speaking, non-codebook-based feedback (e.g. element-wise quantization) results in higher feedback overhead and lower quantization efficiency because the correlation between different spatial branches (e.g. precoding vector coefficients, or spatial channel coefficients) are under-utilized compared to codebook-based quantization. Clear performance benefits over codebook-based feedback are needed to justify the potential CSI overhead compared to codebook-based quantization. 
Observation:

· Non-codebook-based feedback in general results in higher CSI overhead than codebook-based feedback; study on its performance gain over codebook-based quantization is needed. 

3. Conclusions

In this contribution we briefly discussed Type II CSI feedback, and our views are summarized below:
Proposal:

· Strive for a single feedback codebook to support quantization of different types of feedback objects (e.g. explicit channel/interference and/or precoding subspace)
· How UE calculate the feedback contents should be preferably left to UE implementation and RAN4 testing 

Observation:

· Non-codebook-based feedback in general results in higher CSI overhead than codebook-based feedback; study on its performance gain over codebook-based quantization is needed. 
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