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1. [bookmark: _GoBack]Introduction
In RAN1 #88 meeting, agreements on CSI feedback Type II were captured in Chairman’s note as follows:
Agreements:
· Refine the description in 38.802 for Type II CSI Category I as follows
· Dual-stage W = W1W2 codebook 
· W1 consists of a set of L orthogonal beams taken from 2D DFT beams
· The set of L beams is selected out of a basis composed of oversampled 2D DFT beams
· L {2, 3, 4, FFS 6} (L is configurable)
· Beam selection is wideband
· W2: L beams are combined in W2 with common W1, 
· Subband reporting of phase quantization of beam combining coefficients
· Configurable between QPSK and 8-PSK phase related information quantization
Agreements:
· Update the description in the TR for Type II CSI Category II as follows
· The feedback of channel covariance matrix is long term and wideband 
· A quantized/compressed version of covariance matrix is reported by the UE
· Quantization/compression is based on a set of M orthogonal basis vectors
· Reporting can include indicators of the M basis vectors along with a set of coefficients
· FFS: basis set
· Other quantized/compressed versions of channel covariance matrix are not precluded
In this contribution, we discuss CSI feedback type II for NR MIMO.

Discussion on CSI feedback Type II for NR
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 reflected 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 information in case of Type II CSI feedback.  
In RAN1 adhoc meeting, it was listed up three categories for Type II CSI feedback. Category 1 is precoder feedback based on linear combination codebook. In Rel-14 eFD-MIMO, it has been verified the potential benefit of Type II CSI feedback in the context of MU-MIMO enhancement. Especially, the linear combining (LC) codebook with the orthogonal basis in W1 is considered to provide high resolution channel information. In this LC codebook, three factors needs to be considered, i.e., 1) number of combined beam L, 2) combining coefficients (power and phase), 3) number of supported layers. 
Regarding 1), larger number of L can provides more degrees of freedom for beam combining at the expense of increased feedback bits for both W1 and W2. Note that it is more critical for W2, since the number of combining coefficient phase and/or power is linearly increasing. Thus, in our view, L should not be larger than 4. One remaining issue is how to choose L beams out of N1N2 orthogonal beam sets. Unrestricted L beam selection may be the best option in the performance perspective at the expense of the increased payload size. Instead, L beam pattern or window size for L beam selection can be configurable.


Regrading 2), several contributions during the Rel-14 eFD-MIMO study provide that performance degradation of the wideband-wise power combining is tolerable compared to subband-wise power combining. In order to reduce the W2 feedback payload, wideband power combining and subband phase combining are preferred. Or we can consider two-step wise power combining coefficient. In this approach, 2-bit WB power combining (e.g., and 1-bit SB power combing () can be considered.
Lastly, regarding 3), to ensure the channel accuracy of each layer, each layer is independently encoded with LC codebook. Therefore, resulting W2 payload size increases linearly as the support number of layer grows. For these reasons, efficient W2 design and/or feedback mechanism should be accompanied if higher rank LC codebook is supported.
Proposal 1. If Category 1 is supported, following design constraints need to be considered.
· L should not be larger than 4.
· L beam pattern or window size for L beam selection can be configurable. 
· Wideband power combining and subband phase combining. 
· If SB power combining is supported, consider two-step approach for efficient power combining.
· Efficient W2 design and/or feedback mechanism, if rank>2 is supported.
In the Category 2, covariance matrix feedback is considered for Type II CSI feedback. In this category, dimension reduction methods for lowering the payload size of channel covariance feedback are required especially for the larger number of antenna ports. However, such dimension reduction technique inevitably brings the notable performance loss, and this trade-off between performance and payload size becomes severe when the number of Tx antenna ports become large. For this reason, limiting the number of port supported by Category 2 based Type II feedback can be considered. 
Proposal 2. If Category 2 is supported, consider limiting supported maximum number of CSI-RS antenna ports in a single instance reporting.
In eFD-MIMO, hybrid CSI feedback is an important feature, since it provides performance benefit by efficiently reducing the system overhead. In this context, Category 3 can also be a good candidate for CSI feedback Type II. In Category 3, more accurate CSI can be acquired based on either Category 1 or 2 in long-term manner, and short-term port-selection or full-CSI feedback can be carried out similar to LTE Class B. To support Category 3, we need to first decide which category (category 1 or 2) for Type II CSI feedback is supported in NR. Thus, RAN1 should carefully decide Type II CSI feedback between Category 1 and 2 by comparing the performance benefits as well as feedback overhead. 

Codebook design for category I of CSI feedback type II
In this section, we present a new codebook design for category I in order to reduce the payload size of SB reporting. The key idea of codebook design is to apply linear combining of L beams which can have different level of cyclic phase shift in frequency domain, and thus SB phase combining in the legacy LC codebook can be skipped. Then, the dual stage codebook can be constructed as 








where  is comprised with orthogonal basis,is a 2D-DFT beam,  is the relative power coefficient for i-th beam, k represents the frequency domain index (e.g., subcarrier index), is the phase offset for i-th beam, and  controls the degree of the phase shift with respect to k. Here,  is defined as 








where the quantity  is the smallest number from the set  such that , is the number of the subcarriers in the configured bandwidth, and is an integer value, e.g., . 
In W2, co-phase per polarization can be performed as 


 for rank 1,  for rank 2.


where  is the all one vector with length L and is QPSK co-phase. 
Due to cyclic phase shift which is a function of k, it is possible to have frequency selective precoding feedback within SB reporting, and this codebook can allow much larger SB size. 

Proposal 3. Consider frequency selective precoding feedback for Category I of CSI feedback Type II.

Conclusion
This contribution discussed CSI feedback for NR MIMO. Following observations and proposals are given, based on the discussion:
Proposal 1. If Category 1 is supported, following design constraints need to be considered.
· L should not be larger than 4.
· L beam pattern or window size for L beam selection can be configurable. 
· Wideband power combining and subband phase combining. 
· If SB power combining is supported, consider two-step approach for efficient power combining.
· Efficient W2 design and/or feedback mechanism, if rank>2 is supported.
Proposal 2. If Category 2 is supported, consider limiting supported maximum number of CSI-RS antenna ports in a single instance reporting.
Proposal 3. Consider frequency selective precoding feedback for Category I of CSI feedback Type II.
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