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Introduction
In RAN1#87 [1], the following agreement about CSI acquisition was made.
Agreements:
· For Type I CSI, PMI codebook has at least two stages W = W1W2
· W1 codebook comprises of beam groups/vectors 
· FFS structure and configuration of W1 codebook, e.g. number of ports, grid of beams, orthogonal, non-orthogonal, beam broadening, etc
· FFS frequency granularity of W1 and W2 reporting
· FFS on additional support of W3 (location of W3 matrix is FFS), e.g. multi-panel support, analog beam selection
· Note multi-panel support may be captured in W1, W2 and/or W3
· For Type II CSI, 
· Study the following CSI feedback schemes
· Analog CSI feedback
· 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
· Precoder / Precoding Matrix
· Downloadable codebook
· Contents for Quantized or Unquantized CSI feedback
· Channel covariance matrix feedback
· e.g. Hermitian-form codebook, analog CSI feedback, linear combination codebook
· Channel Approximation and/or Measurement 
· e.g. analog CSI feedback, linear combination codebook
· Channel Eigen vectors
· e.g. analog CSI feedback, linear combination codebook
· Other forms of channel representation are not excluded.
A unified codebook design framework for both Type I and Type II CSI is presented in the companion contribution [2]. Based on the framework, this contribution proposes a PMI codebook for the Type I CSI reporting. The linear combination based codebook for Type II CSI reporting is proposed in another contribution [3].   
Codebook for Type I CSI Reporting
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As proposed in the companion contribution [2], the PMI codebook for Type I CSI reporting is a dual-stage codebook: W = W1W2, where the first stage W1 codebook is used to report a beam group using the first PMI (PMI1), and the second stage W2 codebook is used to report beam selection (and co-phase) using the second PMI (PMI2). In this contribution, the detailed design of the W1 and W2 codebook for Type I CSI reporting is provided.
The two components of the W1 codebook are as follows. 
Basis set: the basis set is either non-orthogonal or orthogonal which is parameterized by (p1, p2) parameters, and comprises of (L1, L2) beams in two dimensions, where
· 1D port layouts: (L1, L2) = (4, 1) if N2 = 1.
· 2D port layouts: (L1, L2) = (4, 2) if N1 ≥ N2 > 1, and (2, 4) if N2 > N1 > 1.
· (p1, p2) = (1, 1) for non-orthogonal basis set and (p1, p2) = (O1, O2) for orthogonal basis
An illustration of the basis set is shown in Figure 1. Note that for rank 1, LTE Rel. 12 4-Tx codebook has orthogonal W1 basis set and Rel. 13 Class A codebook has non-orthogonal W1 basis set. In general, whether W1 basis set should be non-orthogonal or orthogonal depends on antenna aperture size and deployment scenarios. To cover different antenna aperture sizes and deployment scenarios, it is proposed that both non-orthogonal and orthogonal basis sets are supported for Type I CSI and one of the two basis set types is configured to the UE.   


[bookmark: _Ref468891524]Figure 1: Basis set for Type I CSI reporting
Beam group selection: It has been proposed in [4] that the Type I CSI reporting is based on a single beam (L = 1) in a beam group. While the CSI acquisition based on a single beam may be sufficient for scenarios in which channel spread is narrow, it may be too restrictive in general when channel spread is large. Also, if there is only one beam in a W1 beam group, then gNB can’t configure some of the hybrid CSI reporting mechanisms (in which the first CSI includes W1 beam group derived using Class A codebook and the second CSI includes PMI/RI/CQI derived using 2, 4, or 8 port Class B codebook) that we have in LTE. In particular, with a single beam in W1 beam group, hybrid CSI with the second CSI derived using 2 port Class B codebook can be configured. The hybrid CSI using 4 and 8 port Class B codebook to derive the second CSI can’t be configured because it requires at least 2 and 4 beams, respectively, in the W1 beam group reported in the first CSI. The single beam in W1 beam group also limits the use case of pre-coder cycling based semi-open loop transmission to co-phase cycling only. With more than one beam, beams can also cycle in addition to co-phase. It is therefore proposed that at least two L values (e.g. 1, 2, and/or 4) are supported for W1 beam group selection: 


[bookmark: _Ref468514723]Figure 2: Fixed beam selection patterns for N1 ≥ N2
[bookmark: _GoBack]For a given L value, the beam group selection is based on fixed beam patterns. For L = 1, there is only one beam pattern (Pattern 0), and for L = 2 and 4, four example fixed beam patterns (Pattern 0 – 3) are shown in Figure 2 for N1 ≥ N2 (analogous to LTE for L = 1 and 4). 
Note that unlike LTE Class A codebook where a fixed beam pattern is configured with a single or four beams, in the proposed codebook, the UE can also report a preferred beam pattern as part of PMI1 if more than one beam patterns are supported for L = 2 and 4 (e.g. Figure 2). For instance, if the UE can report any one of the four beam patterns for L = 2 and 4, then it reports a preferred beam pattern using 2 bits as part of PMI1 reporting. 


[bookmark: _Ref469015721]Figure 3: Examples of orthogonal fixed beam patterns: L = 2, Pattern 2
For higher layer Type I CSI reporting, orthogonal fixed beam patterns are considered in which the leading beams of the fixed beam patterns are located at orthogonal positions such as (0, 0), (O1, 0), (0, O2), (O1, O2), and so on. An illustration of orthogonal fixed beam patterns are shown in Figure 3. Note that the fixed beam patterns located at orthogonal positions are the same. Similar to LTE Class A codebook for higher ranks, the nested property between two ranks is maintained, i.e., the fixed beam pattern(s) for rank 1-2 are the same that for rank 3-4 are the same, that for rank 5-6 are the same, and that for rank 7-8 are the same.
Proposal 1: The W1 codebook for Type I CSI reporting has following components:
· Basis set: study both and down select between non-orthogonal and orthogonal for all ranks
· Different ranks may have different types of basis set 
· Beam group selection: it is based on fixed beam patterns. 
· At least two L values are supported for W1 beam group selection 
· If multiple beam patterns are supported for L>1, then the UE reports one of the beam patterns as part of the first PMI reporting (PMI1).

The W2 codebook for Type I CSI is based on beam selection similar to LTE Class A codebook. For instance, for rank 1, it performs a single beam selection from L beams in the reported W1 beam group, and a co-phase selection from the QPSK co-phase alphabet {1, j, -1, -j}. 

Proposal 2: The W2 codebook for Type I CSI reporting is based on beam selection from the reported W1 beam group and co-phase selection from the QPSK alphabet {1, j, -1, -j} similar to LTE Class A codebook.
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[bookmark: _Ref446598642]Conclusions
In this contribution, the codebook for Type I CSI reporting is presented. The proposals made are summarized as follows. 
Proposal 1: The W1 codebook for Type I CSI reporting has following components:
· Basis set: study both and down select between non-orthogonal and orthogonal for all ranks
· Different ranks may have different types of basis set 
· Beam group selection: it is based on fixed beam patterns. 
· At least two L values are supported for W1 beam group selection 
· If multiple beam patterns are supported for L>1, then the UE reports one of the beam patterns as part of the first PMI reporting (PMI1).

Proposal 2: The W2 codebook for Type I CSI reporting is based on beam selection from the reported W1 beam group and co-phase selection from the QPSK alphabet {1, j, -1, -j} similar to LTE Class A codebook.
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