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Introduction
In RAN1#89, the following agreement about Type I and Type II CSI codebooks proposed in [2] was made.
	Agreements:
· Slides 4 to 24 in R1-1709232 are agreed
· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details
· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers


The Type II CSI codebook [2] has been agreed for rank 1 and rank 2. This contribution discusses Type II CSI codebook for rank 3 and above. This contribution is a resubmission of R1-1717616. 
Higher Rank Type II CSI Codebook
1 
2 
In Release 14 LTE, the advanced CSI codebook based on linear combination (LC) of 2 beams is supported for rank 1 and rank 2 CSI reporting. For rank > 2, legacy LTE codebooks (up to Release 14) are used. In NR, the Type II CSI codebook based on LC of L beams has been agreed for rank 1 and rank 2 CSI reporting [1]. The Type II CSI codebook for rank > 2 has not been discussed yet. 
According to the design principle of the agreed Type II CSI codebook, Type II CSI reporting payload increases linearly with rank, which amounts to significantly large payload to report higher rank CSI. Considering the large payload for reporting rank > 2 CSI, the simple extension of the agreed Type II CSI codebook to rank > 2 is difficult to support.  
A straightforward solution is (Alt 0) to restrict Type II CSI to up to rank 2 (i.e. UE is not expected to report rank > 2 CSI if configured with Type II CSI reporting). The primary use case of this solution is MU transmission where per user rank is expected to be at most 2. For higher order MU transmission (e.g. 12 user MU-MIMO) in which per user rank can be more than 2 (e.g. UE capable of 4 Rx antennae), however, such a solution limits the MU performance gain, as shown in [3]. An alternate solution is (Alt 1) to follow LTE and use rank > 2 Type I CSI codebooks also for rank > 2 Type II CSI reporting. This solution fails to distinguish between Type I CSI and Type II CSI in higher rank scenarios, which defeats the purpose (i.e. high-resolution CSI for significantly large system performance gain over Type I CSI) of supporting Type II CSI in NR. It is therefore preferable (Alt 2) to design rank > 2 Type II CSI codebook which maintains high system performance gains as well as a CSI reporting payload comparable to rank 2 (which is also proposed in [4], [5]). 
Considering the limited time for the completion of NR phase I, designing such a codebook (Alt 2) is challenging. We therefore propose to postpone rank > 2 Type II CSI codebook design to NR phase II. 
Proposal 1: Rank > 2 Type II CSI codebook design is postponed to NR phase II.

Guidelines for rank > 2 Type II CSI codebook design
The following design principles of the agreed Type II CSI codebook should also be kept for rank > 2 in order to ensure low UE complexity associated with the codebook search.
· Orthogonal DFT beams
· Scalar quantization of amplitude and phase of coefficients
· Independent encoding of layers
A few alternatives for rank 3 and 4 Type II CSI codebook which meet the abovementioned design guidelines are as follows:
· Alt 0: 2 beams are selected (WB) regardless of the configured L value and LC of the selected 2 beams is performed to determine rank 3 and 4 pre-coding matrices.
· Alt 1: L beams are selected (WB), where L is RRC configured from {2,3,4}, then 2 out of the selected L beams are selected per SB, and LC of the selected 2 beams is performed to determine rank 3 and 4 pre-coding matrices.
· Alt 2: L beams are selected (WB), where L is RRC configured from {2,3,4}, and differential reporting of rank 3 and 4 CSI in multiple reporting instances where each differential rank 3 and 4 CSI report corresponds to L = 2 beams. An example scheme is proposed in the companion contribution [6].

[bookmark: _Ref446598642]Proposal 2: 
· Rank > 2 Type II CSI reporting payload should be comparable to rank 2 Type II CSI reporting payload
· Keep the following design principles of the agreed Type II CSI codebook for rank > 2 
· Orthogonal DFT beams
· Scalar quantization of amplitude and phase of coefficients
· Independent encoding of layers
· Study the following alternatives for rank 3 and 4 Type II CSI codebook
· Alt 0: 2 beams are selected (WB) regardless of the configured L value and LC of the selected 2 beams is performed to determine rank 3 and 4 pre-coding matrices.
· Alt 1: L beams are selected (WB), where L is RRC configured from {2,3,4}, then 2 out of the selected L beams are selected per SB, and LC of the selected 2 beams is performed to determine rank 3 and 4 pre-coding matrices.
· Alt 2: L beams are selected (WB), where L is RRC configured from {2,3,4}, and differential reporting of rank 3 and 4 CSI in multiple reporting instances where each differential rank 3 and 4 CSI report corresponds to L = 2 beams. An example scheme is proposed in the companion contribution [6].
Conclusions
In this contribution, higher rank codebook for Type II CSI reporting is discussed. The proposals made are summarized as follows. 
Proposal 1: Rank > 2 Type II CSI codebook design is postponed to NR phase II.
Proposal 2: 
· Rank > 2 Type II CSI reporting payload should be comparable to rank 2 Type II CSI reporting payload
· Keep the following design principles of the agreed Type II CSI codebook for rank > 2 
· Orthogonal DFT beams
· Scalar quantization of amplitude and phase of coefficients
· Independent encoding of layers
· Study the following alternatives for rank 3 and 4 Type II CSI codebook
· Alt 0: 2 beams are selected (WB) regardless of the configured L value and LC of the selected 2 beams is performed to determine rank 3 and 4 pre-coding matrices.
· Alt 1: L beams are selected (WB), where L is RRC configured from {2,3,4}, then 2 out of the selected L beams are selected per SB, and LC of the selected 2 beams is performed to determine rank 3 and 4 pre-coding matrices.
· Alt 2: L beams are selected (WB), where L is RRC configured from {2,3,4}, and differential reporting of rank 3 and 4 CSI in multiple reporting instances where each differential rank 3 and 4 CSI report corresponds to L = 2 beams. An example scheme is proposed in the companion contribution [6].
References
[1] [bookmark: _Ref465786808]3GPP, RAN1#89, Chairman’s Notes
[2] R1-1709232, WF on Type I and II CSI codebooks, Samsung
[3] R1-1707127, “Type II CSI feedback based on linear combination,” ZTE
[4] R1- 1708139, “Category 1 codebook design for Type II codebook,” Huawei, HiSilicon
[5] R1-1714217, “Discussion on higher rank Type II codebook and feedback overhead reduction,” Motorola Mobility, Lenovo
[6] [bookmark: _GoBack]R1- 1720298, “Differential reporting for Type II CSI,” Samsung
