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1. Introduction
In RAN1#87, it has been agreed that linear combination based feedback needs to be further studied in NR [1].
Agreements:
· Study the following CSI feedback schemes
· 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
On the other hand, in RAN#74, the following proposal on NR scope reduction is agreed [2].
· List of items for scope reduction:
· Analog CSI feedback, precoder / precoding matrix, and downloadable codebook among the candidates for type II (enhanced) CSI feedback
· i.e., only the linear combination based CSI feedback is continued to study including the contents (e.g., channel covariance matrix) to be represented by the linear combination codebook
Based on the above agreements, linear combination is the only option in NR to support high-resolution CSI feedback. In this contribution, we discuss some detailed design aspects on linear combination codebook in terms of  general design principles and multi-panel design.
2. Discussion on linear combination based CSI feedback 
Linear combination based CSI feedback has drawn much recent attention due to its potential to enhance the beamforming gain. The linear combination of K beams for l-th layer can be represented as

where  denotes the n-th 2D-beam selected for l-th layer and r-th polarization direction, and  denotes the coefficients associated with , including both amplitude and phase. From the analysis on channel property, the beams selected for different layers and pols in the same panel can be identical to reduce feedback overhead. Then the precoder for L layers is 

where W1 contains the selected beams, and in W2,  denotes the vector containing coefficients for each lay and pol. In this section, we discuss the design of linear codebook based on the above structure. 
2.1 General design principles for LC codebook in NR
In LTE Rel-14, linear combination codebook is agreed with constrained orthogonal beam combination supporting up to 2 layers. However, due to the limit of CSI overhead in LTE PUCCH, only two beams are combined. Since LC codebook shows good gain over single-beam codebook especially in the scenarios with rich scatters, more beams combined would lead to better performance. Hence 2-beam combination does not make full use of the potential of linear combination. Moreover, as the advanced CSI in Rel-14 is targeted on MU CSI, linear combination codebook only support up to 2 layers. Hence the Rel-14 LC codebook cannot support high-rank transmission as well. This also limits the performance of linear combination codebook, especially in the case of SU transmission. Since 4-antenna commercial UEs have been more and more common, and NR evaluation assumptions target to support UE up to 32 antennas, high-rank SU transmission is also an important use case in NR. Hence we have the following proposal giving general design principles for LC codebook in NR considering the above aspects. More details on the beam selection (W1) design and coefficient (W2) design are given in [3].
Proposal 1: NR should support linear combination codebook based on constrained orthogonal beam combination in LTE Rel-14 with at least the following enhancements:
· Enable the combination of more beams.
· Support at least four-layer SU CSI.
2.2 LC Codebook design for multi-panel antenna array
In NR, antenna elements are distributed in several rectangular panels as shown in Fig.2. For uniform antenna array, the distance between the adjacent antennas of two neighboring panels is the same as the distance between two adjacent antennas within a panel. Otherwise, it is a non-uniform antenna array. It can be observed that even for non-uniform antenna array, the sub-array in each panel is uniformly distributed. Hence for each panel in the non-uniform array, 1D/2D DFT vectors can be used to model the intra-panel spatial correlation. On the other hand, TXRU virtualization can be one or more TXRU for one pol in each panel. If gNB maps more than one TXRUs to one pol in each panel, non-uniform port distribution occurs. In fact, TXRU virtualization is a gNB implementation issue eventually. Hence, in order to support flexible gNB implementation on TXRU virtualization, non-uniform port distribution should be considered. Moreover, good support for coherent JT in CoMP scenarios also requires investigation on non-uniform port distribution. 
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Fig.2 Antenna array in NR
One codebook design approach for the non-uniform array is gNB configures the port grouping pattern for each UE. If the gNB configures only one port group, UE calculates and feeds back CSI based on linear combination codebook. If gNB configures more than one port groups, linear combination of DFT vectors is employed to model the correlation for each port group. Additionally, the detailed signaling of port grouping can reuse or be associated with QCL signaling. Another approach to accomplish port grouping is through UE measurement. In this case, UE needs to report the port grouping results as well as the CSI. Specifically, UE measures the RS ports configured by the gNB and perform the detection/estimation of all the ports. Then UE groups the ports with tight correlation into one group and uses DFT vectors to quantize the correlation. For the inter-group CSI feedback, the following two options can be adopted. 
Option 1: Independent beam selection for each group, and explicit feedback for inter-group correlation
In this option, beam selection for each group is operated independently, i.e., beams are selected for each port group independently. Then the channel can be virtualized based on linear combination of the selected beams. Explicit feedback for the amplitudes and phases of the virtualized channel is used to quantize the inter-group correlation.
Option 2: Joint beam selection for each group
For this option, the inter-group correlation is quantized through the joint selection of beams in W1 for each port group. For example, the beams selected in port group k are rotated from of the beams in port group 1. Then independent beam selection or combination can be performed within each port group.
Among the above options, Option 2 has lower overhead and UE complexity compared with Option 1, as only one rotation angle is required to be calculated and reported for the beams in W1 of each port group. However, Option 2 brings constraints on the beam selection of each port, and the impact on performance needs to be further studied.
Based on the above discussion, we have the following proposals.
Proposal 2: Use port-grouping based configurable LC codebook framework to support spatial information feedback in NR
	- Port-grouping can be performed by gNB or UE.
	- Use DFT-based LC codebook to quantize intra-group CSI.
Proposal 3: For inter-group CSI feedback, study the following options
· Option 1: Independent beam selection for each group, and explicit feedback for inter-group correlation.
· Option 2: Joint beam selection for each group.
3. Conclusions
In this contribution, we discuss the high-resolution CSI measurement and feedback mechanism for NR using LC based CSI feedback.  Based on the above discussion and simulations, we have the following proposal.
Proposal 1: NR should support linear combination codebook based on constrained orthogonal beam combination in LTE Rel-14 with at least the following enhancements:
· Enable the combination of more beams.
· Support at least four-layer SU CSI.
Proposal 2: Use port-grouping based configurable LC codebook framework to support spatial information feedback in NR
	- Port-grouping can be performed by gNB or UE.
	- Use DFT-based LC codebook to quantize intra-group CSI.
Proposal 3: For inter-group CSI feedback, study the following options
· Option 1: Independent beam selection for each group, and explicit feedback for inter-group correlation.
· Option 2: Joint beam selection for each group. 
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