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Introduction
In RAN1#86b [1], the following agreement about CSI acquisition was made.
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
Samsung’s high-level view on CSI acquisition for DL and UL NR MIMO is presented in companion contributions [2-3]. This contribution focusses on Type II CSI reporting, proposes the support of explicit feedback of DL channel or its other forms such as dominant eigenvectors and covariance matrix as the Type II CSI reporting, and provides high level design alternatives for explicit feedback. 
Need for Explicit Feedback
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From LTE Rel. 8 to Rel. 14 eFD-MIMO, MIMO has been identified as an essential feature in order to achieve high system throughput requirements and it will continue to be the same in NR. One of the key components of a MIMO transmission scheme is the accurate CSI acquisition at the gNB/TRP. For MU-MIMO, in particular, the availability of accurate CSI is necessary in order to guarantee high MU performance. For TDD systems, the CSI can be acquired using the SRS transmission relying on the channel reciprocity. For FDD systems, on the other hand, it can be acquired using the CSI-RS transmission from gNB/TRP, and CSI acquisition and feedback from UE. In legacy (up to LTE Rel. 13) FDD systems, the CSI feedback framework is ‘implicit’ in the form of CQI/PMI/RI (and CRI in Rel. 13) derived from a codebook assuming SU transmission from gNB/TRP. Because of the inherent SU assumption while deriving CSI, this implicit CSI feedback is inadequate for MU transmission. Since future (e.g. NR) systems are likely to be more MU-centric, this SU-MU CSI mismatch will be a bottleneck in achieving high MU performance gains. Another issue with implicit feedback is the scalability with larger number of antenna ports at gNB/TRP. For large number of antenna ports, the codebook design for implicit feedback is quite complicated (for example, in Rel. 13, the total number of Class A codebooks = 44), and the designed codebook is not guaranteed to bring justifiable performance benefits in practical deployment scenarios (for example, only a small percentage gain can be shown at the most). 
Realizing aforementioned issues, RAN1 has agreed to provide specification support to advanced CSI reporting in Rel. 14 eFD-MIMO [4]. Based on the discussions so far, it is likely that the advanced CSI reporting based on linear combination codebook will be specified [5]. It is noteworthy though that such a combination codebook still belongs to the implicit CSI reporting framework because a UE reports a PMI, which instead of representing beam selection and co-phasing from a (smaller) PMI codebook as in up to LTE Rel. 13, now represents beam combination from a much bigger PMI codebook. In other words, the PMI is still derived from a codebook assuming SU transmission in effect.   Therefore, it is a candidate for Type I CSI feedback (according to the agreement in the introduction).  
The main motivation of supporting Type II CSI on the other hand is to overcome the issue of SU-MU mismatch mentioned above. One way to achieve this is to design a high-resolution codebook which can provide very accurate spatial information to the gNB/TRP. Based on the history of codebook design in RAN1, however, one can expect that this approach will require significant codebook design efforts and consume a significant portion of RAN1 meeting time. Perhaps, a simpler approach is explicit feedback of DL channel or its forms such as eigenvectors and covariance matrix. With explicit feedback, the gNB/TRP can perform SU/MU scheduling without any mismatch because it knows the channel itself. It is hence proposed that the Type II CSI should support explicit feedback.   
Proposal 1: Type II CSI in NR supports explicit feedback (e.g. channel, eigenvectors, covariance matrix).
Explicit Feedback Design
To design explicit feedback, the following design directions can be considered.
· Explicit CSI content: Depending on the form of DL channel, the explicit CSI can be one of the following types:
· Channel feedback: the CSI represents DL channel for each SB. 
· Eigenvector: the CSI represents one or multiple dominant eigenvectors associated with the largest eigenvalues of the per SB channel.
· Covariance matrix: the CSI represents DL covariance matrix for each SB.  
The Type II CSI will correspond to at least one of these explicit CSI contents.
· Dimension reduction: The DL channel according to the explicit CSI content can be projected or transformed to obtain its reduced-dimensional representation. Some examples of dimension reduction are as follows:
· Linear combination: the explicit CSI is represented as a linear combination of L basis vectors, where L basis vectors are indicated WB, and linear combination coefficients are reported per SB. An example of L basis vectors can be Rel. 13 Class A W1 codebook. Other examples of basis vectors can be found in [5 – 6].
· Joint compression: the explicit CSI is compressed jointly in spatial (across antenna ports) and frequency (across SBs) domains. An example of such compression is based on the SVD of the explicit CSI matrix whose rows corresponds to explicit CSI for different SBs.    
· Quantization: The DL channel (with or without dimension reduction) is quantized and fed back to the gNB/TRP. Two alternatives for quantization are as follows:
· Scalar quantization: each DL channel coefficient is quantized separately. Two sub-alternatives can be considered.
· Magnitude and phase quantization: the magnitude and phase of complex DL channel coefficients are separated and then quantized using respective magnitude and phase codebooks.
· Real and imaginary quantization: the real and imaginary parts of complex DL channel coefficients are separated and then quantized using respective real and imaginary codebooks. 
· Vector quantization: multiple complex DL channel coefficients are grouped into vectors and then quantized using a vector codebook. The grouping of channel coefficients is expected to exploit any dependencies across coefficients. These dependencies can be in spatial-domain across antenna ports at gNB/TRP and UE antennas, or/and in frequency domain across SBs.
· CQI/RI: in addition to channel, the explicit CSI report can be configured to include the following:
· CQI representing the largest eigenvalue associated with the dominant eigenvector; and
· RI to indicate a preferred rank.
Proposal 2: At least the following should be supported for explicit CSI reporting for NR MIMO: 
· Explicit CSI content: at least one of channel, eigenvectors, and covariance matrix
· Dimension reduction: at least one of linear combination and joint compression
· Quantization of channel coefficients: at least one of scalar quantization (magnitude and phase or real and imaginary) and vector quantization
· Configurable CQI/RI reporting
Overhead Reduction
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[bookmark: _Ref443897133]Figure 1: Partial port explicit CSI reporting
Because of channel quantization, the explicit CSI reporting amounts to significantly large feedback overhead. To reduce overhead, antenna subarray or partial port based explicit CSI reporting can be considered. An example is shown in Figure 1 in which the antenna ports are partitioned into 4 subarrays, and CSI-RS transmission and explicit CSI reporting are carried out for each subarray. The UE derives explicit CSI for each subarray either independently or dependently, and the gNB/TRP aggregates them to reconstruct the full explicit CSI. In our companion contribution [6], initial simulations results are provided for the proposed partial port explicit CSI reporting.
The overhead can be reduced further by combining the partial port explicit CSI reporting with hybrid CSI-RS in which the UE receives two types of CSI-RS resources and reports two corresponding CSIs. The first CSI-RS is used to report the partial port explicit CSI. Using this explicit CSI, the second CSI-RS is beam-formed and the UE reports the corresponding second CSI, which can be explicit or implicit. In this hybrid operation, the (first) explicit CSI can be aperiodic (via PUSCH) depending on the need and the second CSI can be periodic. 
Both hybrid CSI-RS (CSI) and partial-port CSI-RS (CSI) can be supported in the agreed modular CSI acquisition framework in RAN1#86bis [1] as explained in our companion contribution [2]. 
Proposal 3: To reduce overhead, explicit feedback can operate in conjunction with partial port and hybrid CSI-RS (via the supported modular CSI acquisition framework) in which 
· 1st CSI-RS is transmitted from partial antenna ports and is targeted to obtain explicit feedback; and
· 2nd CSI-RS is beam-formed using the explicit feedback and is targeted to obtain a low overhead CSI feedback.
Conclusions
In this contribution, the need for explicit feedback for NR MIMO is presented. The proposals made are summarized as follows. 
Proposal 1: Type II CSI in NR supports explicit feedback (e.g. channel, eigenvectors, covariance matrix).
Proposal 2: At least the following should be supported for explicit CSI reporting for NR MIMO: 
· Explicit CSI content: at least one of channel, eigenvectors, and covariance matrix
· Dimension reduction: at least one of linear combination and joint compression
· Quantization of channel coefficients: at least one of scalar quantization (magnitude and phase or real and imaginary) and vector quantization
· Configurable CQI/RI reporting
Proposal 3: To reduce overhead, explicit feedback can operate in conjunction with partial port and hybrid CSI-RS (via the supported modular CSI acquisition framework) in which 
· 1st CSI-RS is transmitted from partial antenna ports and is targeted to obtain explicit feedback; and
· 2nd CSI-RS is beam-formed using the explicit feedback and is targeted to obtain a low overhead CSI feedback.
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