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Introduction
In RAN1#87 [1], the following working assumption about advanced CSI codebook was made.

Working Assumption: 
To be confirmed automatically at RAN1#88 if no significant issues are identified with UE complexity. 
Precoders are to be normalized in the equations below.
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· Feedback on PUSCH is supported
· Feedback on PUCCH is supported
· Details FFS until RAN1#88.
In this contribution, the remaining details about the advanced CSI codebook are discussed. The periodic CSI reporting based on advanced CSI codebook is discussed in the companion contribution [2].
Open issues 
1 
2 
The open issues with the advanced CSI codebook are discussed one-by-one below.

Rank > 2 advanced CSI codebook
According to the email discussion [1] after RAN1#86b, the following agreement was made.
· For advanced CSI feedback, at least one of the following types of beam group is supported 
· Type 1: Class A based W1 (non-orthogonal) 
· Type 2: Unrestricted orthogonal W1
· Type 3: Orthogonal beams with restricted beam pattern 
· For advanced CSI feedback, RAN1 will specify only rank-1 and rank-2 codebooks 
· FFS, rank 3-4 
· Note: For rank 5-8, Rel.13 codebooks, as well as the extension and/or enhancement to more than 16 ports, can be reused
According to the email agreement, the advanced CSI codebook will be specified only for rank 1 and rank 2 CSI reporting. For rank > 2 (i.e. up to rank 8), the need for advanced CSI codebook is unclear (since it is unlikely that a UE with rank > 2 will be scheduled for MU transmission, the primary use case for the advanced CSI codebook). It is therefore proposed that the legacy LTE codebooks (up to Rel. 14) are used for rank > 2 CSI reporting. In particular, 
· For 4 ports, Rel. 12 rank 3-4 codebook is used. 
· For 1D 8 ports, Rel. 10 rank 3-8 codebook is used. 
· For 2D 8 ports, Rel. 13 rank 3-8 Class A codebook is used.
· For {12, 16, 20, 24, 28, 32} ports, Rel. 13/14 rank 3-8 Class A codebook is used.

Proposal 1: The codebook for advanced CSI reporting is as follows.
· Rank 1-2: linear combination codebook according to the working assumption in RAN1#87
· Rank 3-8: legacy LTE codebooks (up to Rel. 14)
· 4 ports: Rel. 12 rank 3-4 codebook 
· 8 ports, 1D: Rel. 10 rank 3-8 codebook 
· 8 ports, 2D: Rel. 13 rank 3-8 codebook
· {12,16,20,24,28,32} ports: Rel. 13/14 rank 3-8 Class A codebook

(N1, N2) combinations
According to the working assumption (cf. Introduction), the combinations (N1, N2) of antenna ports in two dimensions satisfy  The exact (N1, N2) combinations are yet to determined. A simple approach would be to support all (N1, N2) combinations that are supported for Rel. 13/14 Class A codebook, and in addition, the following two combinations are added for 1D, 4 and 8 ports. 
· (N1, N2) = (2, 1) for 4 ports, and
· (N1, N2) = (4, 1) for 8 ports, 1D.
Note that rank > 2 codebooks for these two combinations exist in prior LTE releases. In other words, no new codebook is needed for these two additional combinations. However, other ‘new’ combinations such as (N1, N2) = (6, 1) have not been studied in RAN1 and codebooks for them don’t exist in earlier LTE releases. Therefore, it is proposed that any (N1, N2) combination which doesn’t have a legacy LTE codebook is not supported in advanced CSI codebook.

Proposal 2: The supported (N1, N2) combinations for advanced CSI codebook are as follows.
· All (N1, N2) combinations for Rel. 13/14 Class A codebook are supported.
· Two additional (N1, N2) combinations, (2, 1) and (4, 1), are supported.
· Other (N1, N2) combinations are not supported.

RRC parameters
Since we already have RRC parameters codebookConfig-N1, codebookConfig-N2, codebook-Over-Sampling-RateConfig-O1, and codebook-Over-Sampling-RateConfig-O2 to configure (N1, N2, O1, O2) for Class A codebook, and the set of all values that they can take for advanced CSI codebook are already included in the corresponding set for Class A codebook, there is no need to define new RRC parameters for advanced CSI codebook. In other words, existing Class A RRC parameters can be used to configure there parameters for advanced CSI codebook. This is to avoid unnecessary addition to RRC specification which is to be frozen in this meeting.

Proposal 3: Use Class A RRC parameters codebookConfig-N1, codebookConfig-N2, codebook-Over-Sampling-RateConfig-O1, and codebook-Over-Sampling-RateConfig-O2 to configure (N1, N2, O1, O2) for advanced CSI codebook.
· Avoid unnecessary addition to RRC specification 

Extensions
The extension of advanced CSI codebook to other CSI reporting types such as linear combination based Class B, semi-open-loop, and hybrid CSI reporting have not been studied well in RAN1. Such extensions can therefore be postponed to future releases.

Proposal 4: Extensions such as linear combination based Class B, semi-open-loop, and hybrid CSI reporting are not supported in Rel. 14.
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In this contribution, the remaining details about the advanced CSI codebook are discussed. The proposals made are summarized as follows. 
Proposal 1: The codebook for advanced CSI reporting is as follows.
· Rank 1-2: linear combination codebook according to the working assumption in RAN1#87
· Rank 3-8: legacy LTE codebooks (up to Rel. 14)
· 4 ports: Rel. 12 rank 3-4 codebook 
· 8 ports, 1D: Rel. 10 rank 3-8 codebook 
· 8 ports, 2D: Rel. 13 rank 3-8 codebook
· {12,16,20,24,28,32} ports: Rel. 13/14 rank 3-8 Class A codebook

Proposal 2: The supported (N1, N2) combinations for advanced CSI codebook are as follows.
· All (N1, N2) combinations for Rel. 13/14 Class A codebook are supported.
· Two additional (N1, N2) combinations, (2, 1) and (4, 1), are supported.
· Other (N1, N2) combinations are not supported.

Proposal 3: Use Class A RRC parameters codebookConfigig-N1, codebookConfig-N2, codebook-Over-Sampling-RateConfig-O1, and codebook-Over-Sampling-RateConfig-O2 to configure (N1, N2, O1, O2) for advanced CSI codebook.
· Avoid unnecessary addition to RRC specification 

[bookmark: _GoBack]Proposal 4: Extensions such as linear combination based Class B, semi-open-loop, and hybrid CSI reporting are not supported in Rel. 14.
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