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1. Introduction
	At the previous RAN1 meeting significant progress was made on CSI reporting [1, 2]. In this contribution remaining issues on CSI reporting are discussed. First, discussion on the remaining details of codebook subset restriction (CSR) is provided. Second, some considerations on details for PUSCH-based CSI reporting are presented. The content of Type II CSI is discussed in the last section.
2. Discussion
2.1. Remaining details of codebook subset restriction
	At the 3GPP TSG RAN WG1 Meeting #90 [3] the following agreements were made on CSR for NR. 
	Agreements:
· Codebook subset restriction (CSR) is supported for Type I single-panel
· CSR supports DFT beam restriction and rank restriction
· Beam restriction is bitmap of length N1O1N2O2 where each bit is associated with DFT beam
· If a PMI is comprising of at least one restricted DFT beam, this PMI is considered as restricted
· FFS:  Beam restriction for rank 3-4 codebooks for 16,24 and 32 ports
· CSR is supported for Type I multi-panel
· CSR supports at least rank restriction and beam restriction
· FFS: Details
· FFS beamforming direction restriction, e.g., it can include at least DFT beam
· FFS CSR for Type II
· CSR supports DFT beam restriction and rank restriction and FFS power restriction
· FFS: Details
· FFS: Impact of CSR on CSI reporting payload size
· FFS CSR for 2Tx



	At the RAN1 NR#3 meeting [1, 2] the remaining issues of CSR for NR were addressed such as beam restriction for Type II codebooks, Type I single-panel rank 3-4 codebooks for 16, 24 and 32 ports and Type I multi-panel codebooks. The most part of CSR design including beamforming direction restriction for Type II and Type I multi-panel is finalized. However, there are several open issues, including details of beam restriction for Type I single-panel rank 3-4 codebooks for 16, 24 and 32 ports. Moreover, the details of signaling for rank restriction are not defined.
	First, details of beam restriction for the case of Type I single-panel rank 3-4 codebooks for 16, 24 and 32 ports are discussed. At the last RAN1 meeting this case was covered by the following agreement [1, 2]. 
	· Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports
· Use single bitfield, determine restricted  depending on restricted 
· FFS details



The definition of quantities  and  can be found in [4]. The beamforming vectors for Type I single-panel rank 3-4 codebooks for 16, 24 and 32 ports are defined by the following equation.
	
The beamforming pattern of DFT beams  and beamforming vectors  are provided in the Appendix for different values of l and p. From the provided beamforming patterns it can be observed that the most part of power for beamforming vector  is localized in the range of angles covered by DFT vectors , and . Thus, it is reasonable to restrict PMIs based on quantity  if at least one DFT beam from the set  is restricted.
Proposal 1: 
· For Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports
· Use single bitfield to determine restricted  depending on restricted 
·  is restricted if at least one of  is restricted

	As it can be observed from the aforementioned agreements from RAN1 meeting #90, rank restriction is agreed for all the NR codebooks, however the details of signalling required for the configuration of rank restriction are not defined. One possible solution for signalling of rank restriction is bitmap with one-to-one mapping of RI to each bit within the bitmap, maximum length of the bitmap for rank restriction in this case is 8 bits. Such approach provides full flexibility for gNB to control reported RI value, however such high flexibility might not be needed for real deployments, where the main use case for rank restriction assumes restriction of RI values which exceed specific value. Considering the above, it is beneficial to specify signalling of maximum allowed RI value to save overhead. Moreover, the restriction of maximum possible rank can be used for overhead reduction of RI reporting. 
Proposal 2:
· Rank restriction assumes signalling of maximum RI value allowed for reporting
· Number of bits for RI reporting depends on configured maximum RI value

2.2. Details of PUSCH-based reporting
	At the previous RAN1 meeting [1, 2] it was agreed to support omitting of CSI parameters for PUSCH-based reporting. This feature aims to handle the case when capacity of allocated PUSCH resources is not enough for CSI reporting. This case is more relevant to Type II reporting, where number of bits required for rank 2 PMI reporting is much higher comparing to the number of bits required for rank 1 PMI reporting. In addition to the omitting of CSI parameters for PUSCH-based reporting it was agreed to support Type II part 1 reporting on long duration PUCCH in order to assist gNB PUSCH resource allocation for Type II CSI reporting.
	There is at least one solution to optimize PUSCH resource allocation on top of the aforementioned features. Periodic Type I feedback can be configured along with aperiodic Type II reporting in order to provide gNB with RI information. Such approach can be supported without any standardization impact. However, since Type I and Type II assumes different PMI structure, RI statistics can be not aligned for different CSI types. In order to find out how big is misalignment of RI value for Type II and Type I CSI, evaluations of RI statistics are provided for Urban Macro scenario with 16 ports at the gNB. Histogram with RI difference for Type I and Type II CSI are represented below for different assumptions on Type II codebook configuration.
[image: ]
[bookmark: _GoBack]Figure 1. Difference of RI values calculated for Type I CSI and Type II CSI
From the above evaluation results it can be observed that Type II RI exceeds Type I RI at most in 12% of the cases. Considering the above, enhancements to optimize PUSCH resource allocation for Type II CSI reporting are not essential for system performance, specification effort should be minimized. 
Proposal 3:
· Since PUSCH-based reporting can be optimized without standardization impact, RAN1 should strive to minimize specification effort for features designed to optimize PUSCH resource allocation for CSI reporting
· E.g. PUCCH-based Type II CSI reporting, omitting of CSI parameters for PUSCH-based reporting

	At the previous RAN1 meeting [1, 2], three alternatives of CSI omitting for PUSCH-based reporting were discussed. 
· Alt. 1: Omitting of part 2
· Alt. 2: Omitting of subbands determined based on a decimation ratio and/or a priority pattern used to order subband CSI (defined in specification) 
· Alt. 3: Omitting of subbands determined based on the measured subband CQI included in part 1
Alt. 2 and Alt. 3 are not finalized and require significant standardization impact, including number of omitted subbands, exact rules to determine omitted subbands, CSI calculation in case of omitting. Considering that the benefits of CSI omitting based on Alt. 2 or Alt. 3 are not clear, it is preferable to support the simplest scheme to avoid redundant standardization work. 
Proposal 4:
· For PUSCH-based CSI reporting, part 2 can be omitted.

2.3. Rank 3-8 CSI reporting for Type II CSI 
	Type II codebooks are defined for MIMO channel feedback with high spatial resolution and optimized for MU-MIMO transmission. For now Type II CSI supports rank 1 and rank 2 codebooks. The restriction on maximum reported RI value is not desirable since it has negative impact on system performance and in particular it reduces peak UE throughput. Thus, we propose to reuse LTE approach, where Class A rank 3-8 codebooks are used for Advanced CSI reporting. 
Proposal 5:
· Reuse Type I single-panel codebooks for rank 3-8 reporting for a UE configured with Type II CSI

	Since CSR for Type II CSI is already agreed, special rule should be specified to support CSR for Type I rank 3-8 codebooks for a UE configured with Type II CSI. Since CSR for Type II codebook is based on DFT beams which are also used for Type I codebooks, the bitmap defined for Type II can be reused for Type I codebooks in the following way. Pair of bits which are defined for beam and power restriction of DFT beam vl,m are used for vl,m restriction for Type I rank 3-8 codebooks. If at least one bit from the pair equals to zero, then rank 3-8 PMIs based on DFT beam vl,m are restricted for reporting.
Proposal 6:
· Pair of bits which are defined for beam and power restriction of DFT beam vl,m are used for vl,m restriction for Type I rank 3-8 codebooks
· If at least one bit from the pair equals to zero, then rank 3-8 PMIs based on DFT beam vl,m are restricted for reporting
3. Conclusion
	In this contribution the following proposals were made.
Proposal 1: 
· For Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports
· Use single bitfield to determine restricted  depending on restricted 
·  is restricted if at least one of  is restricted
Proposal 2:
· Rank restriction assumes signalling of maximum RI value allowed for reporting
· Number of bits for RI reporting depends on configured maximum RI value


Proposal 3:
· Since PUSCH-based reporting can be optimized without standardization impact, RAN1 should strive to minimize specification effort for features designed to optimize PUSCH resource allocation for CSI reporting
· E.g. PUCCH-based Type II CSI reporting, omitting of CSI parameters for PUSCH-based reporting
Proposal 4:
· For PUSCH-based CSI reporting, part 2 can be omitted.
Proposal 5:
· Reuse Type I single-panel codebooks for rank 3-8 reporting for a UE configured with Type II CSI
Proposal 6:
· Pair of bits which are defined for beam and power restriction of DFT beam vl,m are used for vl,m restriction for Type I rank 3-8 codebooks
· If at least one bit from the pair equals to zero, then rank 3-8 PMIs based on DFT beam vl,m are restricted for reporting
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Figure 2: Examples of beam patterns for different beamforming vectors 
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