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1. Introduction

In RAN1#86 and RAN1#86bis, several WFs related to CSI feedback contents were discussed. And these were agreed as follows [1][2]:
Agreements:

· 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

· 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
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

In this contribution, we discuss CSI feedback contents for NR MIMO.
2. Discussion on CSI feedback contents for NR
2.1. Type I feedback
In NR, enhancement of CSI accuracy has become a key component for design of downlink multi-antenna schemes, and both implicit and explicit feedback can be considered as a solution. Implicit feedback can include channel related information such as preferred PMI, RI, CQI, and CRI whereas explicit feedback indicates reporting MIMO channel directly without any assumption of transmission schemes. Comparing these two types, the main merits of implicit feedback are (1) lower CSI feedback overhead and (2) transparency of UE receiver capability. 

Regarding (1), the size of precoding information is associated with the number of transmit antenna ports and the maximum number of layers rather than the number of receive antennas. Following experiences of LTE, low rank transmission will be more common even though UE has a large number of antennas due to the channel conditions. 
With regards to (2), the implicit feedback information reflects UE receiver capability transparently to TRP. Various MIMO receiver algorithms can be applied to UE and their corresponding performance may be diverged even at the same channel condition. By using implicit feedback, the difference is already reflected in the feedback and thereby TRP do not need to take the UE receiver capability into account. 
For these reasons, implicit CSI feedback should be supported as the baseline, and the design principle of CSI feedback contents in Rel-14 eFD-MIMO can be prioritized as the starting point at least for SU-MIMO in Type I. Regarding Class A codebook supported in LTE-A, further down-selection among four eFD-MIMO codebook Configs is preferable due to their similar performance. Also, for further simplification of codebook design, decoupling of PMI for eFD-MIMO into vertical PMI and horizontal PMI can be another option. 
Proposal 1: Type I CSI feedback should be supported as the baseline.
Proposal 2: At least for SU-MIMO, Class A and Class B CSI feedback in LTE can be a starting point for Type I CSI feedback in NR. Further simplification would be desirable.
2.2. Type II feedback
For better progress of RAN1, the target environment of type II such as the number of antenna ports, dimension of multi-user MIMO, and CSI feedback overhead limitation should be distinguished firstly compared to type I. During the past releases, it was denoted that MU-MIMO performance can be enhanced with more accurate CSI, and many proposals including analog feedback, MU-CQI feedback, and companion PMI feedback were suggested. In NR MIMO, the availability of accurate CSI to guarantee enhanced MU performance becomes a main driver for discussion of Type II feedback.
Compared to Type I feedback, main merit of Type II feedback is the point that inter-user interference can be reflexed in case of MU-MIMO. In LTE, a set of implicit CSI is basically determined based on one interference hypothesis, and thus UE calculates CSI with no MU interference hypothesis, i.e., SU-MIMO assumption. When TRP wants to conduct MU-MIMO, a transformation of CSI from the CSI computed by SU-MIMO assumption to MU-MIMO case is needed. It may lead to inaccuracy of CSI, especially when the number of paired UEs increases. On the other hand, TRP can estimate channel quality according to different MU interference hypothesis by utilizing pure MIMO channel in case of explicit feedback. Also, in the study of eFD-MIMO, it has been verified the potential benefit of Type II CSI feedback in the context of MU-MIMO enhancement. In our view, therefore, the performance of higher dimensional MU-MIMO can be one consideration point for design of Type II CSI feedback.
The goal of discussion for Type II CSI feedback is to study candidate component techniques such as explicit feedback and/or codebook-based feedback with higher spatial resolution. For instance, for the explicit feedback, various types of explicit feedback can be considered as follows:
· (One or multiple dominant) Eigenvectors
· Channel covariance matrix
· Channel coefficient
Also, a number of quantization methods including scholar quantization (e.g., magnitude/phase quantization), complex value quantization, and vector quantization can be considered to support explicit feedback. In addition, discussion on implicit feedback with high resolution based on linear combination (LC) is now in progress in Rel-14 eFD-MIMO, and thus LC codebook based feedback method also can be further studied as a candidate of Type II feedback in NR.
In our view, however, it would be preferable to list up all possible feedback contents for Type II first, then studying performance and realistic issues thoroughly for each candidates rather than continue to discuss whether to support a certain feedback category such as implicit and explicit feedback for Type II feedback, or not. Regarding this, for Type II CSI feedback, we first need to study CSI feedback overhead and RS overhead according to the increase of number of antenna ports as well as the system performance. Explicit feedback approaches in general requires much larger feedback overhead to support massive number of TRP antennas so it seems to be profitable to adopt hybrid-type CSI feedback (i.e., combination of Type I and II feedback) rather than using Type II stand-alone.
Proposal 3: For type II CSI feedback, it is preferable to list up all possible feedback contents for Type II first and then compare performance of all candidates rather than discussing whether to support a certain feedback category(e.g. implicit or explicit), or not.
When it comes to explicit feedback, the feedback overhead of explicit feedback grows linearly with the number of transmit antenna ports, and thus it is desirable to consider restriction of the maximum number of antenna ports for a single instance reporting. Also, from the enlarged gap between the number of UE antennas and the average rank, the gap in terms of feedback overhead is inherently expected to be enlarged between the two feedback types, implicit and explicit feedback. In addition, for explicit feedback, link adaptation method is also important due to the absence of CQI. To this end, how to adopt different UE receiver capabilities also can be a consideration point as mentioned above. Moreover, a trade-off between performance enhancement and feedback overhead for explicit feedback should be studied also in NR.
Observation 1: If explicit feedback is supported, consider limiting supported maximum number of CSI-RS antenna ports in a single instance reporting.
Observation 2: If explicit feedback is supported, link adaptation method need to be identified.

3. Conclusion

This contribution discussed CSI feedback contents for NR MIMO. Following observations and proposals are given, based on the discussion:
Observation 1: If explicit feedback is supported, consider limiting supported maximum number of CSI-RS antenna ports in a single instance reporting.
Observation 2: If explicit feedback is supported, link adaptation method need to be identified.

Proposal 1: Type I CSI feedback should be supported as the baseline.
Proposal 2: At least for SU-MIMO, Class A and Class B CSI feedback in LTE can be a starting point for Type I CSI feedback in NR. Further simplification would be desirable.
Proposal 3: For type II CSI feedback, it is preferable to list up all possible feedback contents for Type II first and then compare performance of all candidates rather than discussing whether to support a certain feedback category(e.g. implicit or explicit), or not.
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