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In RAN1 AH01 [1] and #88 [2], we had the following agreement for Type I CSI Feedback in NR.
	Agreements:
· 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:
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        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
Agreements:
· For Type I single panel codebook,
· For W1, also consider:
· Alt 5:  , ;
· At least for rank 1 and rank 2, candidate DFT beam number in B (or Bi) in W1 is L=1, 2, 4 and/or 7 (other values are not precluded), if applicable
· FFS: whether or not down-selection of the L values
· FFS: configurability of L value
· For L>1, if supported:
· Alt. a: free selection of L beams by UE
· Alt. b: at least one beam group pattern is defined
· FFS: whether or not down selection of the patterns
· FFS: configurability of the patterns
· FFS: beam pattern is reported by UE
· Alt. c: selection of L beams by gNB
· FFS: signaling details
· For L>1, if supported:
· FFS: whether L beam selection is the same for rank 1 and rank 2 (nested property) or it is different
· For L=1, if supported:
· 
· For 2D port layout, candidate beam group patterns for Alt. b for L = 2 (if supported) are as follows.
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· FFS: the value of  and .
· For 2D port layout, candidate beam group patterns for Alt. b for L = 4 (if supported) are as follows.
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· FFS: the value of  and .
· Other patterns are not precluded.
· For 1D port layout, a beam group pattern for Alt. b contains a row of L>1 (if supported) beams uniformly and/or non-uniformly separated by d.
· FFS value of d.
· FFS: for L>1 (if supported), whether a single (d1,d2) or multiple (d1,d2) values are supported


This contribution provides our views on Type I CSI feedback in single panel codebook.
Discussion
Alternatives in W1
According to CSI reporting agreement [3], there are two types of spatial information feedback in NR
· 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
As analysis by Ericsson [4], NR may support a wide variety of UE types and capabilities, such as MTC devices which is sensitive to complexity and power consumption, and eMBB applications which demand higher user throughputs. This would motivate the differentiation between Type I and II. Consequently, Type I CSI shall be designed to support with acceptable search space and as low as possible feedback overhead. Among five alternatives for W1, only Alt 3 which is as LTE dual-stage codebook consideration had been extensively studied. For Alt 1 and 2 which may strive to increase performance with wideband co-phasing have not been evaluated between overhead and performance, while Alt 5 which tries to reach performance and overhead balance between Alt 1/2 and Alt 3 also needs to more evaluations to realize how much benefit can be got. As for Alt 4 it may be proper to consider in multi-panel operation or in Type II designation. As a result, in accordance with the design for Type I CSI it is suggested Alt 3 is at least one of candidate while Alt 1,2, and 5 may be supported unless obvious gain can be observed with tolerable overhead.
Observation 1: Alt 4 can be considered in multi-panel operation or in Type II CSI.
Proposal 1: For alternatives in W1 of Type I CSI, at least support Alt 3 while Alt 1,2, and 5 may need more evaluations.
Set of L DFT beams
Since LTE Rel-13 configurable (or parameterized) codebook design, including antenna port layout, oversampling rates, and beam group subset pattern, had been introduced in dual-stage codebook aiming to provide flexibility and scalability. Follow by the features, it may suggest NR to possess as well. However, those scalable values (such as oversampling rates in each antenna configurations) shall be optimized according performance evaluation. In that sense, it is suggested that NR supports flexible configuration for CSI Type I codebook design with restricted feedback overhead (or said with regular spatial resolution) in single-panel case.
The purpose of first stage codebook W1 is used to report a set of beams in a group. The basic set in W1 is composed by either orthogonal or non-orthogonal basis which is parameterized by intra beam-group spacing (d1,d2). For example, it is orthogonal basis as (d1,d2)=(O1,O2) and belongs non-orthogonal basis as (d1,d2) ≠ (O1,O2). Whether orthogonal or non-orthogonal basis in W1 may depend on different SU/MU-MIMO purpose and/or deployment scenarios. Thus, we think two basic sets shall be configurable in NR. Regard to number of L DFT beams in W1, single beam in W1 may have least feedback overhead but it may operate only in the case of narrow angular spread of channel or said strong LoS case. To increase NR-MIMO performance the beam granularity in angular domain could be extended especially in the case of wide angular spread of channel. Consequently it may suggest the configurable value (like L<=4) with limited overhead for various scenarios. As for select beams in W1 such as Alt. a: free selection of L beams by UE, Alt. b: define the specific beam group pattern, and Alt. c: selection of L beams by gNB, we are open to this issue.
Observation 2: Owing to design principle of Type I single panel codebook, it shall be low overhead but configurable with scalable values which have been extensively evaluated.
Proposal 2: In single-panel case, NR supports flexible configuration for CSI Type I codebook design with restricted feedback overhead (or said with regular spatial resolution).
Proposal 3: Orthogonal and non-orthogonal beam sets can be jointly supported in W1.
Proposal 4: Configurable single- and multi-beams in W1 can be considered in NR-MIMO.
Conclusions
In this contribution, we discuss views on Type I CSI feedback in single panel codebook and have the following observations and proposals.
Observation 1: Alt 4 can be considered in multi-panel operation or in Type II CSI.
Observation 2: Owing to design principle of Type I single panel codebook, it shall be low overhead but configurable with scalable values which have been extensively evaluated.
Proposal 1: For alternatives in W1 of Type I CSI, at least support Alt 3 while Alt 1,2, and 5 may need more evaluations.
Proposal 2: In single-panel case, NR supports flexible configuration for CSI Type I codebook design with restricted feedback overhead (or said with regular spatial resolution).
Proposal 3: Orthogonal and non-orthogonal beam sets can be jointly supported in W1.
Proposal 4: Configurable single- and multi-beams in W1 can be considered in NR-MIMO.
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