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Introduction
The Type I/II CSI codebook design has been finalized in RAN1#89 meeting. In RAN1#90, the following agreements on CSI feedback have been achieved:
Agreements:
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· For short PUCCH:
· Only single-slot reporting, no multiplexing of CSI parameters of a report in multiple slots
· Down select one of the following alternatives in RAN1 NR-AH3: 
· Alt. 1: RI/CRI/PMI/CQI jointly encoded
· Alt. 1B: RI/CRI/PMI/CQI with padding bits prior to encoding (to ensure the same payload irrespective of RI)
· For long PUCCH:
· Only single-slot reporting, no multiplexing of CSI parameters of a report in multiple slots
· Down select one of the following alternatives in RAN1 NR-AH3: 
· Alt. 1: RI/CRI/PMI/CQI with padding bits prior to encoding (to ensure the same payload irrespective of RI)
· FFS if payload size depends on RI (or CRI, if present)
· Alt. 2: RI/CRI encoded separately from PMI/CQI
· Resource mapping/coding should consider payload size variation for different RI values
· For Type II:
· A CSI report is composed of up to 2 or 3 parts (to be down selected in RAN1 NR-AH3)
· If 3 parts are supported, part 1: RI, CQI for the 1st CW; part 2: wideband amplitude information; part 3: PMI 
· FFS: if only wideband CQI is used for the first part
· If 2 parts are supported, details of parts are FFS
· Resource allocation for CSI reporting should take into account the payload difference between RI=1 and RI=2. Consider both single-slot and multi-slot reporting.
· Strive to maintain single-slot reporting principle (no multiplexing of CSI parameters of a report in multiple slots)

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

In this contribution, we provide our views on CSI reporting for Type I/II codebook.
Discussion
Type I CSI feedback
For Type I SP codebook, antenna ports {2, 4, 8, 12, 16, 24, 32} and rank 1-8 are supported. For rank <= 4, a single CQI is reported per subband (or wideband), while for rank > 4, 2 CQIs are reported per subband (or wideband). For Type I MP codebook, antenna ports {8, 16, 32} and rank 1-4 are supported. There are two modes of MP codebook: Mode-1 (WB inter-panel co-phasing) and Mode-2 (SB inter-panel co-phasing). Since rank <= 4 is supported, only a single CQI is needed for MP codebook. Table I illustrates the payloads for both Type I SP and MP codebooks, where antenna layout (N1, N2) = (4, 4) is assumed (one case with the largest PMI payload). With 10 subbands, the total PMI payload is about tens of bits. 
Table I: Payload for Type I codebooks
	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

	Rank 2
	WB
	10
	8
	14
	12

	
	SB
	1
	3
	1
	3

	
	 (WB+10SBs)
	20
	38
	24
	42

	Rank 3~4
	WB
	9
	-
	16
	14

	
	SB
	1
	-
	1
	3

	
	 (WB+10SBs)
	19
	-
	26
	44

	Rank 5~8
	WB
	8
	-
	-
	-

	
	SB
	1
	-
	-
	-

	
	 (WB+10SBs)
	18
	-
	-
	-



· CSI feedback resources
According to the agreements, Type I CSI could be reported on either PUCCH or PUSCH. For periodic CSI acquisition, wideband or partial band CSI is reported, which results in lower CSI payload. According to Table I, the maximum payload size of wideband PMI is 17bits (MP rank 3~4 codebook). The corresponding CSI payload is 24bits (including RI, PMI and CQI, assuming RI is 3bits and CQI is 4bits). Therefore, both short PUCCH and long PUCCH could be used for CSI feedback. For semi-persistent CSI reporting, in addition to wideband and partial band CSI, subband CSI is also supported. From Table I, with 10 subbands assumed, the maximum CSI payload size is 95bits (MP Mode-2 rank -1). With such large CSI payload, subband CSI could possibly be carried on long PUCCH. Since long PUCCH may have similar payload size as that of PUSCH, the use case of using PUSCH instead of long PUCCH to carry semi-persistent CSI reporting is not quite clear. Therefore, we prefer that periodic and semi-persistent CSI reporting should be only carried on PUCCH.
Proposal 1: For Type I CSI, semi-persistent CSI reporting should be carried on PUCCH only.

· Encoding of CSI parameters
From Table I, the PMI payload depends on RI value, resulting in dynamic CSI payload. For short PUCCH, due the large number of possible combinations of RI/CRI/PMI/CQI, the joint encoding scheme (Alt.1) is rather complex. RI/CRI/PMI/CQI with padding bits prior to encoding (Alt.1B) is preferred with its efficiency in avoiding blind decoding. The dynamic range of subband CSI is much larger than that of wideband CSI. For example, if single panel codebook is configured with L=1, the total subband CSI payload (including RI, PMI and CQI, assuming CQI is 4bits and 7bits per subband for rank<=4 and rank>4, respectively) varies from 62bits (rank=3~4) to 91bits (rank=5~8). Then, it is inefficient to encode subband CSI with padding bits. For long PUCCH, we prefer to encode RI/CRI separately from PMI/CQI (Alt.2).
Proposal 2: For short PUCCH, RI/CRI/PMI/CQI with padding bits prior to encoding (Alt.1B) is supported.
Proposal 3: For long PUCCH, RI/CRI encoded separately from PMI/CQI (Alt.2) is supported.

Type II CSI feedback
For Type II SP codebook, antenna ports {4, 8, 12, 16, 24, 32} and rank 1-2 are supported. Similar as the advanced CSI in LTE Rel-14, such codebook targets for high resolution CSI feedback. As given in [1], Table II illustrates the payloads for Type II codebooks, where antenna layout (N1, N2) = (4, 4) and Z=3 (8-PSK for the subband phase) are assumed. With 10 subbands, the total PMI payload is about hundreds of bits.
Table II: PMI payload for Type II codebook (32 ports) 
[image: ]                                        
· CSI feedback resources
Since high resolution CSI is not always needed, and due to large overhead it is not reasonable to periodically feedback Type II CSI. Similarly, the use case of semi-persistent Type II CSI feedback is also unclear. Type II CSI is reported on demand, therefore only aperiodic CSI feedback on PUSCH is supported.

Proposal 4: Only aperiodic CSI reporting on PUSCH is supported for Type II CSI.

· Encoding of CSI parameters
According to Table II, the contents of Type II PMI include the following parts:
· Beam selection (rotation and L-beam selection)
· WB amplitude scaling (strongest coefficient and WB amplitude)
· SB amplitude scaling (subband feedback only) 
· SB phase for combining coefficients
From Table II, the PMI payload for Rank=2 is almost twice of that for Rank=1. According to the agreement for Type II, a CSI report is composed of up to 2 or 3 parts. If 3 parts are supported, during aperiodic CSI reporting, PUSCH resources will be wasted in the case that PUSCH is allocated according to the RI=2 CSI payload and only RI=1 CSI is reported. From PUSCH allocation perspective, we prefer the 2-part scheme, where CSI is divided into two parts as shown in Figure 1. The first part includes RI, beam selection, wideband amplitude for layer 1, subband amplitude for layer 1, subband phase for layer 1 and CQI. The second part includes wideband amplitude for layer 2, subband amplitude for layer 2 and subband phase for layer 2. Each part is encoded independently. Moreover, if wideband amplitude will impact the PMI payload, each part could be further divided to avoid payload ambiguity. For example, RI, wideband amplitude for layer 1 and the remaining contents are separately encoded for the first part. Similarly, for the second part, wideband amplitude for layer 2 and the remaining contents are separately encoded.
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Figure 1: Two parts CSI for Type II
The two parts can be reported in two different slots as illustrated in Figure 2. Aperiodic CSI is triggered at slot n0, and resource allocation could be made assuming RI=1 CSI payload size. UE measures and reports Type II CSI at slot n1. If RI = 1, all CSI is reported in this single slot. If RI = 2, the first part is reported in this slot. Depending on RI value reported in slot n1, gNB determines whether to trigger another aperiodic CSI reporting for the second part at slot n2. If triggered, resource allocation could be made based on the received CSI contents at slot n1. The second part is then reported at slot n3.


Figure 2: Two-part CSI reporting
Since the second part CSI has been ready at UE, the smallest CSI reporting offset can be assumed for the second part. If CSI reporting timing offset Y=0 is supported, the second part CSI could be reported immediately in the next slot after being triggered. Thus, the CSI reporting latency is acceptable. 
A modified scheme can be considered to further reduce to impact of reporting latency due to two-slot reporting. CQI for single-layer transmission is reported in the first CSI reporting instance. This is illustrated in Figure 3. If RI=2, an additional CQI assuming single-layer transmission is calculated in addition to the rank=2 CQI. The additional CQI is reported in the first part. Therefore, after the first CSI reporting instance, the complete RI=1 CSI could be used for data transmission before the second part CSI is reported. gNB does not have to wait for the second CSI reporting to schedule data transmission.
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Figure 3: Modified 2-part CSI reporting for Type II
 
Proposal 5: Type II CSI is divided into two parts:
· The first part includes RI, beam selection, wideband amplitude for layer 1, subband amplitude for layer 1, subband phase for layer 1 and CQI;
· The second part includes wideband amplitude for layer 2, subband amplitude for layer 2 and subband phase for layer 2.
Codebook subset restriction
In LTE system, for Class A codebook, there are three types of CSR, i.e. beam, W2 and rank. The beam restriction is applied across all the layers. In NR, beam restriction was agreed to be supported for both Type I SP codebook and MP codebook in the last meeting. 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 cophasing. With half number of antenna ports, such DFT vector has a wider beamwidth, which could cover the direction of the beam vector (Figure 4 illustrates the beam patterns of the first dimension. The black curve denotes the beam pattern of the DFT vector (N=N1/2), and the other curves denote the patterns of the combined beam vector using different wideband cophasing factors). Therefore, by restricting the DFT vector, it is able to control the direction of the beam vector. Thus, inter-group co-phasing restriction is not needed. Further, considering the relationship between such DFT vector and the beam vector of other rank values, beam restriction applied across all the layers as that of LTE could also be supported for Type I SP codebook. Since N=N1/2 for rank 3-4 and 16 ports above, one DFT vector (with wider beamwidth) corresponds to two beam vectors of the other rank values. Once one of these two beam vectors is restricted, its corresponding DFT vector for rank 3-4 should be restricted. Similarly, the DFT vector corresponds to one panel should be used for beam restriction for Type I MP codebook.

[image: ]
Figure 4: Beam pattern of the first dimension (N1=4; N=2 for rank 3-4 and 16 ports above)

Type II codebook is constructed by beam combining. With different amplitude and phase coefficients, various 2D beams could be generated. In this way, it is difficult to accurately control the beam direction. If DFT beam restriction is supported, a candidate scheme is to employ beam group restriction, where those beams around the target beam direction are included in the beam group. When restricted, all the beams within the beam group are restricted to prevent the generation of a target beam direction.
Proposal 6: For Type I single-panel rank 3-4 codebooks for 16,24 and 32 ports, inter-group co-phasing restriction is not needed.
Proposal 7: For Type I multi-panel codebook, beam restriction is bitmap of length N1O1N2O2 where each bit is associated with DFT beam. In addition, inter-panel co-phasing restriction is not needed.
Proposal 8: If DFT beam restriction is supported for Type II, beam group restriction is preferred.
Conclusions
In this contribution, we provide our views on CSI reporting for Type I/II codebook based scheme. We have the following proposals:
Proposal 1: For Type I CSI, semi-persistent CSI reporting should be carried on PUCCH only.
Proposal 2: For short PUCCH, RI/CRI/PMI/CQI with padding bits prior to encoding (Alt.1B) is supported.
Proposal 3: For long PUCCH, RI/CRI encoded separately from PMI/CQI (Alt.2) is supported.
Proposal 4: Only aperiodic CSI reporting on PUSCH is supported for Type II CSI.
Proposal 5: Type II CSI is divided into two parts:
· The first part includes RI, beam selection, wideband amplitude for layer 1, subband amplitude for layer 1, subband phase for layer 1 and CQI;
· The second part includes wideband amplitude for layer 2, subband amplitude for layer 2 and subband phase for layer 2.
Proposal 6: For Type I single-panel rank 3-4 codebooks for 16,24 and 32 ports, inter-group co-phasing restriction is not needed.
Proposal 7: For Type I multi-panel codebook, beam restriction is bitmap of length N1O1N2O2 where each bit is associated with DFT beam. In addition, inter-panel co-phasing restriction is not needed.
Proposal 8: If DFT beam restriction is supported for Type II, beam group restriction is preferred.
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