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Introduction
As an important part of NR-MIMO design, CSI acquisition facilitates a variety of MIMO operations, such as beamforming, spatial multiplexing, SU/MU-MIMO adaptation, etc.  For Type I CSI feedback, following was agreed in RAN1 #AH1_NR [1].
· For Type I for single panel case with two-stage, i.e. W1W2, codebook-based PMI feedback, 
· Bi in W1 consists of a set of L DFT beams 
· For all ranks: FFS value(s) of L 
· FFS: Orthogonal or non-orthogonal beams
· Select from following alternatives:
[image: ]
       			 Alt4: , B as Alt 3
· Other alternatives are not precluded
· Note: the above matrices are constructed with 2D DFT precoders
· W2 is constructed, by down-selecting from following alternatives: 
· Alt 1: co-phasing only; beam selected wideband (in W1). 
· Alt 2: basis combination coefficient based on L basis based W1
· Alt 3: beam selection and co-phasing from L-beam based W1
· Alt 4: LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook) (NOTE: W1 and W2 are derived from different set of CSI-RS resources)
· Other alternatives are not precluded
In this contribution, we share our views on Type I CSI feedback of NR-MIMO.
W1 design in Type I CSI
Down-selection of alternatives
Totally 4 alternatives of W1 design are proposed in [1], further down selection is needed between the alternatives.  Brief analysis on the 4 alternatives are presented in the following.
Both Alt 1 and Alt 2, which were discussed in [2], include multiple sets of DFT beams in its W1.  The basic idea is to introduce a beam combination codebook across DFT beam sets.  According to the codebook calculation process mentioned in [3], both amplitude and phase are quantized per subband, which aims to approximate a weighted sum of multiple basis.  Such type of codebook are targeting on higher spatial resolution can be categorized as Type II CSI rather than Type I CSI, and should be avoided in the Type I CSI feedback. 
Among the alternatives, Alt 3 utilizes the same set of DFT beams across two polarizations in W1. It has the same codebook structure as the LTE’s dual-stage codebook which has been well studied since Rel-10.  For FD/eFD-MIMO, the W1/W2 structure is leveraged with some configurability.  It can well support up to rank-8 SU-MIMO with simple construction methodology, and reduce the overall computation complexity.  
Alt 4 includes 4 identical basis sets in its block diagonal part of W1.  The design principle behind Alt 4 is that the transmission beamforming can be separated into multiple subarrays.  From overhead perspective, such construction may require comparatively larger codebook size and higher computation complexity, since each subarray needs a corresponding coefficient for combination.  From performance perspective, full array beamforming shall be good enough over subarray beamforming, when antenna elements across subarrays are well calibrated.  Therefore, Alt 4 doesn’t show clear advantage over Alt 3.
Proposal 1: For W1 in Type I CSI feedback, adopt Alt 3.
Number of beams/basis
Regarding the number of beams/basis in W1, 4 different types of beam grids, i.e. ‘Configs 1~4’ were defined in FD-MIMO for rank-1 and rank-2.  For Config 1, single beam (L=1) based construction of W1 was adopted where the fixed beam is utilized across the whole bandwidth.  This structure is good enough when channel angular spread is small.  For Configs 2~4, 4 beams are defined in a W1 and beam(s) can be selected per subband.  It provides additional flexibility for supporting larger angular spread in horizontal or vertical or both.  It was mentioned in [4] that the single beam constructed W1 of ‘Config 1’ is selected as a starting point of the W1 construction.  We observe that at least for antenna array such as (M, N, P) = (1, 16, 2), the gain of Config 4 over Config 1 is around 6% at cell-edge under MU-MIMO scheduling.  This reflects that multi-beam based W1 still has its advantage over single-beam based W1, especially for large arrays with a finer beam forming capability.  Further study on the number of beams/basis is needed if larger antenna array is supported. 
Proposal 2: Consider W1 with multiple beams (L>1) to adapt different angular spread in NR-MIMO, at least for lower rank (≤ 2).

Figure 2.  Performance comparison of Config4 vs. Config1, 1D 32 port, MU-MIMO, 50% RU.
Orthogonal vs. non-orthogonal beams 
Non-orthogonal beam selection was adopted for constructing the rank1/2 codebook in FD-MIMO.  For higher ranks (≥ 3), orthogonal beam selection pattern was specified to maintain cross layer orthogonality.  If we further look back into the dual codebook design of Rel-10 and Rel-12, non-orthogonal beam based W1 was specified for 8TX, whereas orthogonal beam based W1 was made for 4TX.  To our understanding, either non-orthogonal or orthogonal grid of beams has its own advantage, depending on antenna array structure, channel profile, number of ranks, etc.  For example, non-orthogonal beams selection is useful for channel with small angular spread, whereas orthogonal beams can be utilized for channel with large angular spread.   For NR-MIMO which supports various types of array and scenario, a configurable W1 which supports both non-orthogonal and orthogonal beam based W1 should be considered.   
Proposal 3: For NR-MIMO, orthogonal and non-orthogonal W1 can be jointly supported in NR-MIMO by configuration.
Support of higher ranks
To achieve high spectrum efficiency in MIMO channels with rich scattering, spatial multiplexing with higher rank is needed. In FD-MIMO, up to rank 8 codebook is supported.  The codebook includes a set of orthogonal beams in W1 for multiple layers transmission.  Meanwhile, the beam selection pattern is separately designed for different ‘Configs’.  For rank-3 and rank-4, a 1~3-bit W2 is needed, whereas for rank 5~8, 0-bit W2 is needed. 
For Type I CSI in NR-MIMO, up to rank-8 transmission needs to be supported.  The codebook design can leverage the FD-MIMO codebook as a baseline.  Other codebook designs such as unrestricted orthogonal beam selection are not precluded.  
Proposal 4: Type I CSI supports DL transmission with up to 8 layers.
Proposal 5: Study the codebook design for high rank Type I CSI.
W2 design in Type I CSI
Similar to W1 design, there are 4 alternatives for W2.  The motivation of Alt 1 is to minimize overhead for W2 reproting.  Since the beam is selected in W1, only co-phasing needs to be captured in W2.  In FD-MIMO, such W2 design is named as ‘Config 1’.  As mentioned earlier in the number of beams for W1, with wideband single beam selection, around 5% cell edge loss is observed.  Nevertheless, for UEs with small angular spread, Alt 1 can achieve most of the beamforming gain as compared with Alt 3.  
As discussed in Section 2, beam combining codebook is beyond the scope of Type I CSI.  It shall be considered only for Type II CSI.  Alt 2 should be precluded in W2 design for Type I CSI reporting. 
For multi-beam (L > 1) based W1 construction, subband beam selection in W2 can better support larger angular spread.  In FD-MIMO, Configs 2~4 define different beam selection pattern in W1.  In W2 for rank-1 and rank-2, 2 bits are utilized for beam selection and another 2 bits are used for co-phasing.  For Type I CSI reporting, both Alt 1 and Alt 3 may be jointly supported and configured by gNB via higher layer signaling . 
In LTE Class B codebook, beam selection and co-phasing is specified for beamformed CSI-RS ports.  For Type I CSI, only port selection shall be considered, whereas port combination codebook belongs to Type II.  A more simplified design for port selection codebook is leverage W2 design in Alt 1 and Alt 3.  For UE specific beamformed CSI-RS with Np ports, the beam selection and co-phasing for Np = 2 can be essentially the same as Alt 1.  By defining L = 2 or 4 in Alt 3, Np = 4 or 8 can be supported as well. 
In Rel.13 FD-MIMO codebook design, a maximum of 4 beam selection and 4 co-phasing hypotheses are supported with a 4-bit W2 report.  Even though increasing the beam selection or number of co-phasing may improve the performance, the feedback overhead and UE complexity will be prohibitively higher when subband level W2 feedback is applied.  In addition, Type II CSI reporting can be used for higher resolution CSI to improve channel feedback accuracy, there’s no strong need to increase the W2 accuracy in Type I CSI reporting.
Proposal 6: Adopt Alt 1 and/or Alt 3 as the W2 structure for Type I CSI, depending on the W1 structure.
Proposal 7: Considering up to 4-bit for W2 in Type I CSI feedback as a starting point.
Conclusion
In this contribution, we discuss views on Type I CSI feedback.  Our proposals are summarized as follows.
Proposal 1: For W1 in Type I CSI feedback, adopt Alt 3.
Proposal 2: Consider W1 with multiple beams (L>1) to adapt different angular spread in NR-MIMO, at least for lower rank (≤ 2).
Proposal 3: For NR-MIMO, orthogonal and non-orthogonal W1 can be jointly supported in NR-MIMO by configuration.
Proposal 4: Type I CSI supports DL transmission with up to 8 layers.
Proposal 5: Study the codebook design for high rank Type I CSI.
Proposal 6: Adopt Alt 1 and/or Alt 3 as the W2 structure for Type I CSI, depending on the W1 structure.
Proposal 7: Considering up to 4-bit for W2 in Type I CSI feedback as a starting point.
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