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1. Introduction
In RAN1#86 the following CSI acquisition framework for NR was agreed [1]:
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

· 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

This contribution presents our views on CSI reporting schemes for NR MIMO.
2. Discussion
2.1 DL MIMO CSI feedback
Traditionally, implicit CSI feedback is assumed meaning that parameters indicating channel quality based on a set of transmission and receiving hypotheses is assumed in the CSI calculation. This works well for SU-MIMO. However, it was noted that MU-MIMO requires more accurate CSI than SU-MIMO to improve the performance. Many enhancements were proposed for this sake tracing back to LTE Rel-10, such as explicit CSI feedback, analog feedback, MU-CQI feedback, companion PMI feedback, etc. However, they were not standardized in the past releases due to complexity, feedback overhead etc. In LTE Rel-14, advanced CSI including explicit feedback and improved implicit feedback are reconsidered and may be specified in LTE Rel-14.

CSI for NR MIMO should continue to support implicit feedback as a baseline scheme as it is well established, easy for RAN4 testing and works well for deployment scenario similar to LTE. Advanced CSI feedback can also be studied in NR MIMO to improve the system performance. System performance, pilot overhead, CSI feedback, overhead, future proofness, as well as RAN4 testing feasibility should be considered in studying NR MIMO CSI feedback schemes. 
Proposal 1:
· Implicit CSI feedback should be supported as the baseline.

· Advanced CSI feedback in addition to implicit feedback should be studied as enhancement schemes, taking into account pilot/CSI complexity, overhead, future proofness and RAN4 testing. 
2.2 Implicit CSI feedback for NR MIMO
Extension of implicit CSI feedback to FD-MIMO in LTE resulted in two CSI reporting classes in Rel.13, namely class A and class B. Class A refers to non-precoded CSI-RS where each CSI-RS antenna port corresponds to a single TXRU unit, where a single cell is covered by one wide area Class A CSI-RS resource (of a very large port number) shared by all UEs. Class B refers to beamformed CSI-RS resources, where a cell is covered by multiple narrow beamformed CSI-RS resources (each with a much smaller antenna port number) pointing to different UEs at different angles. Furthermore, beamforming CSI-RS naturally supports time-varying beamforming, where the beam direction changes on a per-subframe basis, which has been observed to be a very useful feature for data channel and other L1 channels as well (e.g. SYNC, SIB, UE-specific control). 

In general, both non-precoded and beamformed CSI-RS are important features that should be studied for future massive MIMO deployment in NR. For non-precoded CSI-RS, the maximum number of antenna ports in NR should be studied taking into account the CSI-RS overhead, CSI-RS coverage, codebook size, codebook design efforts, UE complexity and future proofness. At least up to 16 ports non-precoded CSI-RS appears to be needed in NR, while the need of more than 16 ports CSI-RS is to be further studied and bench-marked against the simpler, more flexible and future proof beamformed CSI-RS alternative. It is noted that although LTE supports up to 32 port CSI-RS, whether such a large port number is to be supported in NR requires further study by jointly considering beamformed CSI-RS. It should be noted that the same number of TXRU in NR and LTE does not imply that the same number of CSI-RS ports are needed. By utilizing beamformed CSI-RS, a smaller number of antenna ports can provide equal or better performance with lower system complexity. 
Proposal 2: 

· For non-precoded CSI-RS, supports at least up to 16 ports, and study the need of more than 16 ports feedback
NR MIMO also paves the way for opportunities to enhance CSI feedback because the antenna element number could reach an unprecedented value. However, tremendous efforts have been dedicated to LTE MIMO CSI feedback design, and the CSI feedback mechanism works well in broad scenarios. NR MIMO design should leverage the existing LTE MIMO features including the CSI feedback, to benefit from past studies and expedite NR MIMO progress. CSI feedback mechanism in LTE Rel-14 could be a good starting point for NR MIMO CSI feedback design.
Proposal 3:
· NR MIMO CSI feedback can be designed with LTE Rel-14 MIMO as a starting point.

As described in 2.1, LTE Rel-13 has introduced two eMIMO-Types: Class A (non-precoded CSI-RS) and Class B (beamformed CSI-RS), and LTE Rel-14 is still working on the enhancement of these eMIMO-Types. Considering that the number of antennas could be up to 1024, beamformed CSI-RS which caps the number of CSI-RS ports at a reasonably small value might be more future proof as it obviates the need of repeatedly designing new pilot and codebook for each new antenna configuration. 
Proposal 4:

·  Leverage existing beamformed CSI-RS functionality including CSI feedback in LTE for NR MIMO. 
· Support maximum 8 ports for each beamformed CSI-RS.
Beam-based codebook design principle in LTE Rel-13 and Rel-14 can be a starting point for codebook design. The current two-stage codebook/feedback structure, configurable codebook should be considered in the implicit CSI feedback for NR MIMO. The LTE Rel-13 eMIMO types with so many configurations seems too complicated for implementation, we should try to limit the number of configurations.

Proposal 5: 

· Beam-based codebook design in LTE Rel-13 can be a starting point for codebook design.

· Strive to reuse the CSI feedback mechanisms such as configurable codebook, multi-stage codebook/feedback, and limit the number of configurations.

Hybrid analog/digital beamforming is regarded as one of the potential approaches for both simplifying hardware implementation and complexity and reducing the digital processing dimensions for NR MIMO. Beamformed CSI-RS including analog beamforming and digital beamforming, would compress massive MIMO channel into the one within a narrow beam direction. The characteristics of this effective narrow-beamwidth MIMO channel should be considered in the codebook design. 
Proposal 6: 

· Explore the characteristics of the beamformed channel in the design of CSI feedback.

Beam-based operation is one of crucial features in NR MIMO. Beam training which let the TRP and the UE adapt their beams to the optimal directions will need beam index feedback. Beam index feedback can be regarded as a special case of CSI reporting or signaling. Current LTE systems provides various feedback modes and feedback formats for both periodic CSI reporting and aperiodic CSI reporting. Relying on the various feedback mechanisms available in current LTE, it would be preferable to design the feedback for beam training and CSI reporting mechanism in the same framework unless the benefit of independent design of beam training procedure is justified. However, the feedback modes and formats should be reconsidered based on the new frame structure of NR.
Proposal 7: 

· RAN1 should strive for common design of the beam training procedure and the CSI reporting procedure.
·  Feedback modes and formats designs should be in accordance with the NR new frame structure.
Implicit CSI feedback includes a channel part and an interference part. Although the channel part has been extensively enhanced in LTE (through high-order MIMO), interference measurement in LTE has not been fully optimized during multiple releases and is now a major performance bottleneck. Interference for implicit CSI is measured on a dedicated measurement resource (e.g. IMR) and directly used for CSI calculation under the SU-MIMO hypothesis. This is acceptable for low-load and non-massive MIMO deployment where most downlink data transmission will be scheduled in SU-MIMO and the CSI feedback under SU-MIMO assumption is generally acceptable. For NR deployment with a very large number of active UEs and different MU-MIMO scheduling candidates, simply relying on eNB to adjust the SU-CQI report for MU-MIMO scheduling can be very complicated and challenging. Advanced interference measurement / optimization targeting high-order multi-user and distributed MIMO is crucial to address this issue. Possible enhancements include advanced interference estimation/calculation under higher-order MU-MIMO hypothesis, flexible interference measurement resource management, as well as standalone interference feedback (as opposed to combined channel and interference feedback in LTE).
Proposal 8: 

· Study advanced interference measurement and calculation targeting flexible/accurate link adaptation for high-order MU-MIMO.

2.3 Explicit CSI feedback
Explicit CSI feedback has been an active discussion topic since Rel.10 but not adopted in 3GPP due to various reasons, including large feedback overhead and RAN4 testing uncertainty, to name a few. 
Feedback overhead of explicit CSI in general grows at least linearly with the number of transmit antenna ports. If explicit feedback is to be studied in the context of massive MIMO it is naturally reasonably to consider limiting the number of antenna ports for practical UE measurement complexity and CSI overhead consideration. As a starting point, a maximum of 8 antenna ports can be considered for explicit feedback. More antenna port number for explicit CSI can be considered if sufficient gain can be shown.
Proposal 9: 

· Starting with maximum 8 antenna ports for explicit feedback in NR MIMO; more ports can be considered if the performance/overhead tradeoff is favorable.
2.4 Channel reciprocity based feedback
There were some agreements on TRP antenna modeling and UE antenna modeling in RAN1#85 [1]. According to the agreements, TRP antenna model can be represented with following parameters (M, N, P, Mg, Ng) and different baseline models for 4GHz, 30GHz and 70GHz were agreed as (M, N, P, Mg, Ng) = (8,8,2,1,1), (4,8,2,2,2) and  (8,16,2,2,2) respectively. It means there are 4 panels in the antenna structure for 30GHz and 70GHz, and 3 different options of TXRU virtualization to consider. Similarly, the UE antenna models with config 1: (Mg, Ng) = (1, 2) and config 2: (Mg, Ng [image: image2.png]
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) = (1, 4) were agreed and configuration of each panel is defined by parameters (M, N, P). In general, basically there are multiple panels at both the TRP and UE antenna configurations. 
Since there are multiple panels at TRP different assumptions can be made on transmission and reception, e.g., TX antenna panel(s) and RX antenna panel(s) are same or different, depending on the antenna architecture. Assuming the TX and RX antenna panels are same, basically analog TX and RX beams at TRP can be assumed to be same, here analog beam corresponds to virtualization weight of a TXRU. If the antenna architecture design motivates to separate TX and RX panels then analog TX and RX beams may not be same.  
According to the agreement in RAN1#85 there are (Mg, Ng) directional antenna panels at UE, similarly, different assumptions can be made on transmission and reception at UE. It could be possible that some of the antenna panels are blocked, e.g., by human body, while others are not. It would be better to make further clarifications on antenna architectures at UE and their motivations, for example how and where the panels are placed or is it intended that only one panel works at a time, or multiple panels reception and transmission at the same time is possible. However, it can be assumed that if one panel can receive signal from TRP then the same panel can be used to transmit the signal to TRP. It is possible that receiving capabilities at UE is higher than transmitting capabilities, e.g., 2RX and 1TX antenna architecture 

For hybrid and analog beamforming, reciprocity can be used to simplify beam training process by avoiding exhaustive searching. In digital domain MIMO operation, with channel knowledge acquired in one direction of radio link, more accurate digital beam can be formed for opposite link based on reduced RS and feedback overhead. Therefore, reciprocity based feedback is still preferable for NR MIMO.
Observation:
· Reciprocity, if available, should be fully used for NR MIMO.
3. Conclusions

This contribution gives our views on CSI feedback for DL NR MIMO. The following observations and proposals can be made:
Proposal 1: 

· Implicit CSI feedback should be studied as the baseline.

· Advanced CSI feedback (e.g. explicit feedback) in addition to implicit feedback should be studied as enhancement schemes, taking into account pilot/CSI complexity, overhead, future proofness and RAN4 testing. 
Proposal 2:
· NR MIMO CSI feedback can be designed with LTE Rel-14 MIMO as a starting point.

Proposal 3:
· For non-precoded CSI-RS, supports at least up to 16 ports, and study the need of more than 16 ports feedback
Proposal 4:
· Leverage existing beamformed CSI-RS functionality including CSI feedback in LTE for NR MIMO. 
· Support maximum 8 port for each beamformed CSI-RS.
Proposal 5:
· Explore the characteristics of the beamformed channel in the design of CSI feedback.
Proposal 6:
· RAN1 should strive for common design of the beam training procedure and the CSI reporting procedure.
·  Feedback modes and formats designs should be in accordance with the NR new frame structure.

Proposal 8: 
· Study advanced interference measurement and calculation targeting flexible/accurate link adaptation for high-order MU-MIMO.

Proposal 9: 

· Starting with maximum 8 antenna ports for explicit feedback in NR MIMO; more ports can be considered if the performance/overhead tradeoff is favorable.
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