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Introduction
In RAN1#90bis meeting, the following agreements on CSI feedback have been achieved:
Agreement:
For NR CSI reporting on PUSCH, Part 2 information bits of partial subbands can be omitted.  
· Support the following priority rule to omit partial Part 2, where the priority level goes from high to low from Box #0 to Box #2N, and the omission granularity is one box in the following picture
· N is the number of CSI reports in one slot
· The CSI report numbers correspond to the order in the CSI report configuration
[image: ]
· Down-select one of the following Alts for CQI calculation in RAN1#91
· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband

Agreement:
· 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
FFS: Introduction of inter-group co-phasing restriction

In this contribution, we provide our views on the remaining issues on CSI reporting.
Discussion
CSI reporting on PUSCH
For Type I/II CSI, the two-part scheme has been agreed [1-2]. For Type I CSI, part 1 includes RI/CRI and CQI for the 1st CW, while part 2 includes PMI, CQI for the 2nd CW (if RI>4). For Type II CSI, part 1 contains RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer, while part 2 contains remaining CSI. Considering the allocated PUSCH capacity, it was agreed that part 2 information bits of partial subbands can be omitted. According to the agreement of the last meeting, for each CC, odd subbands should be omitted when needed. There are two alternatives for CQI calculation. For Alt 2, since PMIs belonging to the omitted subbands could not be reconstructed accurately by gNB, those subband CQIs would be useless for further scheduling and PDSCH transmission. Figure 1 shows an example of Alt 1 for Type II CSI reporting, where odd subband CQI is calculated assuming PMI of even subbands. Namely, the CQIs of SB 0-1 are calculated using the PMI of SB 0, the CQIs of SB 2-3 are calculated using the PMI of SB 2, and so on. Although the CQIs of these odd subbands are not optimal, they would be beneficial during data scheduling. Further, for higher PMI accuracy, interpolation between two even subband PMIs could be used instead to calculate the odd subband CQI. Such as CQI of SB 1 could be calculated using the interpolated PMI between SB0 and SB2.
[image: ]
Figure 1: Alt-1 CQI calculation for Type II CSI

There are concerns about the computation complexity of Alt 1. In the case of one CC, as the allocated PUSCH capacity is known before CSI calculation at the UE side, there is no additional computation complexity employed. Taking Type II CSI for example, based on the PUSCH capacity and the configured Type II codebook, the CQI calculation is illustrated in Figure 2. If subband omission is needed for rank=1 codebook, during rank adaptive CSI calculation, Alt 1 is used for both RI=1 and RI=2 CSI calculation. If subband omission is needed for rank=2 codebook but not needed for rank=1codebook, Alt 2 is used for RI=1 CSI calculation and Alt 1 is used for RI=2 CSI calculation, respectively. In the case of multiple CCs, whether subband omission is needed depends on the total CSI payloads of these CCs. Therefore, if CSI of all the CCs are calculated in parallel, CSI recalculation using Alt 1 is at most needed for one CC.  For instance, referring to the 32 ports rank=1 Type I PMI payload given in Table 1, assume SP L=1 Type I codebook is configured for CC#N and the subband number is 10. During parallel CSI calculation, 256 W1 precoders have to be searched for wideband, and 4 W2 precoders have to be searched for each subband to get the optimal subband PMI. Then subband CQI is obtained with this optimal subband PMI. If subband omission is needed for CC#N, 5 subband CQIs require to be recalculated. Since the corresponding subband PMI has been obtained, the exhaustive PMI searching is not needed. Therefore, only  more computation is need for CQI recalculation, which could be neglected.
[image: ]
Figure 2: Alt-1 CQI calculation for Type II CSI

Table 1: PMI payload for Type I codebook (rank=1, 32 ports)
	Payloads/codebooks (bits)
	SP
	MP

	
	L=1
	L=4
	Mode-1 (Ng=4)
	Mode-2 (Ng=2)

	Rank 1
	WB
	8
	6
	14
	12

	
	SB
	2
	4
	2
	4

	
	 (WB+10SBs)
	28
	46
	34
	52



Proposal: For CQI calculation for NR CSI reporting on PUSCH, subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting.
Type I SP CBSR













For SP, rank 3-4 codebooks for {16,24,32} ports adopt the antenna port grouping structure, where the beam vector of one polarization is generated by connecting two DFT vectors  of two antenna groups using wideband co-phasing . With half number of antenna ports, such DFT vector  has a wider beamwidth, which could cover the direction of its associated DFT beam. Considering the beam direction relationship, it has been agreed that  is restricted if at least one of the DFT beams , , is restricted. Since the inter-group co-phasing  also contributes to the combined beam vector, we evaluate its impact on the beam direction in the following. Given the DFT vector , patterns of the combined beam vector using different wideband co-phasing factors, i.e. , are illustrated in Figure 3, where and . The black curve denotes the associated DFT beam  and the other curves denote the patterns of the combined beam vectors. According to Figure3, the beam direction of the combined beams with different co-phasing factors varies within 10 degrees. Moreover, for Type I MP, which has similar beam combination issue, only beam restriction is supported. Therefore, we prefer not to support inter-group co-phasing restriction for Type I SP rank 3-4 codebooks.
[image: ]
Figure 3: Beam pattern of the first dimension (N1=4; N=2 for rank 3-4 and 16 ports above)

Proposal: For Type I single-panel rank 3-4 codebooks for 16,24 and 32 ports, inter-group co-phasing restriction is not needed.
Conclusions

In this contribution, we provide our views on the remaining issues on PUSCH based CSI reporting and Type I CBSR. We have the following proposals:

Proposal 1: For CQI calculation for NR CSI reporting on PUSCH, subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting.
Proposal 2: For Type I single-panel rank 3-4 codebooks for 16,24 and 32 ports, inter-group co-phasing restriction is not needed.
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