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Introduction
The Type I/II CSI codebook design has been finalized in RAN1#89 meeting. Following agreements on CSI feedback have been achieved in previous meetings:
Agreements:
1. RAN1 supports aperiodic CSI report on PUSCH, including two cases: 
a. Case-1: CSI reports multiplexing with uplink data in PUSCH
b. Case-2: CSI reports only in PUSCH (no uplink data)
c. Note: how to multiplex UCI with PUSCH is under discussing in UCI multiplexing A.I. 
2. FFS: aperiodic CSI report on PUCCH

Agreements:
· Periodic CSI reporting is carried at least on 
· Short PUCCH 
· Long PUCCH
· FFS whether in single-slot only or in multiple slots
Agreements:
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH
· Type I subband CSI can be carried on either one of PUSCH and long PUCCH
· Type II CSI is carried at least on PUSCH
· FFS CSI on PUCCH
Further in NR Ad-Hoc 1 meeting, for aperiodic CSI-RS and aperiodic CSI reporting, it was agreed that:
Agreements:
· NR supports mechanism(s) to trigger aperiodic CSI-RS and aperiodic CSI reporting simultaneously.
· FFS: signaling details (e.g. single DCI or separate DCI)
· FFS: method(s) for interference measurement  
· FFS: reference resource of aperiodic CSI reporting
· For aperiodic CSI-RS timing offset X, support X=0 at least, if aperiodic CSI-RS triggering is done by DCI
· FFS: supporting other values of X
· Note: ‘aperiodic CSI-RS timing offset X’ refers to the time gap between aperiodic CSI-RS triggering and aperiodic CSI-RS transmission w.r.t. number of slots.
· For CSI reporting timing offset Y that is fixed or configurable by the network but with certain restriction on lower limit of Y to provide sufficient CSI computation time.
· Candidate values of Y are fixed or pre-determined by certain rule(s).
· Rule is FFS (e.g. number of CSI measurement/RS/reporting settings, CSI feedback type, number of ports, nearest CSI-RS transmission timing, UE capability, etc.)
· Note: ‘aperiodic CSI reporting timing offset Y’ refers to the time gap between aperiodic CSI reporting triggering and aperiodic CSI reporting w.r.t. number of slots.
· FFS Y is fixed or configurable
· FFS configuration is done by DCI and/or MAC CE and/or higher layer signaling

In this contribution, we provide our views on CSI feedback for Type I/II codebook based scheme.
Discussion
The CSI reporting components include at least CRI, RI, PMI and CQI. According to the above agreements, CSI could be reported via both short duration PUCCH and long duration PUCCH. Short duration PUCCH includes 1 or 2 OFDM symbols, while long duration PUCCH may occupy 4-14 OFDM symbols. Although the exact payload size has not been determined yet, it is reasonable to conclude that long duration PUCCH has larger payload size than that of short duration PUCCH. This assumption is kept in mind in discussion of CSI reporting design below.
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, while for rank > 4, 2 CQIs are reported per subband. 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 and Mode-2. As rank <= 4, only a single CQI is needed. Table I illustrates the payloads for both Type I SP and MP codebooks, where antenna layout (N1, N2) = (4, 4) is assumed. With 10 subbands, the total PMI payload is about tens of bits. According to the agreements of the last meeting, NR supports periodic, semi-persistent and aperiodic CSI feedback for the Type I codebook. 
Table I: Payloads 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
There are different purposes of periodic, semi-persistent and aperiodic CSI acquisition. Periodic CSI is mainly for maintaining the link which is coarse. For semi-persistent CSI reporting, one potential use case is that there are lots of bits in buffer so that consecutive transmission to a UE is required. Then higher granularity CSI would be beneficial, which could possibly be carried on long PUCCH. DCI signaling overhead will be very high to frequently trigger CSI reporting in PUSCH resource. Therefore, we prefer that periodic and semi-persistent CSI reporting should be only carried on PUCCH. Aperiodic CSI is instantaneous on demand with finer granularity. In RAN1#89 meeting, it was agreed that aperiodic CSI reporting is supported on PUSCH, and FFS on PUCCH. According to the agreements in NR Ad-Hoc 1 meeting, NR supports mechanism(s) to trigger aperiodic CSI-RS and aperiodic CSI reporting simultaneously. If single DL-DCI is used to trigger both aperiodic CSI-RS and aperiodic CSI, due to the lack of PUSCH allocation, aperiodic CSI could only be carried on PUCCH. If single UL related DCI triggering is used instead, aperiodic CSI reporing on PUSCH would be possible. On the other hand, if DL related DCI and UL related DCI are used to trigger aperiodic CSI-RS and aperiodic CSI reporting separately, PUSCH could also be used for aperiodic CSI reporting. In this way, whether to support aperiodic CSI on PUCCH depends on the triggering mechanism. Further, as discussed in [1], another motivation of using PUCCH for aperiodic CSI reporting is to support immediate CSI reporting, e.g. in the self-contained slot. However, the UE computational capacity has to be taken into account with the limited time for CSI computation.  
According to Table I, the maximum payload size of wideband PMI is 17bits (WB+1SB, MP rank 3~4 codebook). The corresponding CSI payload is 24bits (including RI, PMI and CQI, assuming RI is 3bits and CQI is 4bits). On the other hand, with 10 subbands assumed, the maximum CSI payload size is 95bits (MP Mode-2 rank -1). Considering the payload size and the configurable PUCCH capacity, a single slot reporting would be supported for both wideband CSI and subband CSI (carried on long PUCCH). Compared with multiple slots reporting, single slot reporting is beneficial for avoiding error propagation and designing complex reporting types. 
Observation:
· Whether to support aperiodic CSI on PUCCH depends on the triggering mechanism.
Proposals:
· Periodic and semi-persistent CSI reporting should be carried on PUCCH only.
· Only one slot CSI reporting is supported.

· Encoding of CSI parameters
From Table I, the PMI payload depends on RI value, which results in dynamic CSI payload. 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). The dynamic CSI payload impacts the CSI parameters encoding, since gNB has to know the exact CSI payload to avoid blind decoding. One possible candidate is to divide the CSI into two parts, i.e. RI and the others (PMI+CQI), which are encoded separately, as shown in Figure 1. In this way, based on the RI value decoded from the first part, the accurate payload size of the second part can be obtained. 
[image: ]
Figure 1: Separately encoding of Type I CSI
Proposal:
· RI and the other parts of CSI are separately encoded for Type I.

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 [2], Table III 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 III: PMI payload for Type II codebook (32 ports) 
[image: ]                                        
· CSI feedback resources
Since the 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 unclear. The Type II CSI is triggered on demand, therefore only aperiodic CSI feedback in PUSCH is supported.
Proposal:
· Type II CSI feedback is aperiodically triggered which is carried in PUSCH only.

· Encoding of CSI parameters
According to Table III, 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 III, the PMI payload for Rank=2 is almost twice of that for Rank=1. During aperiodic CSI reporting, PUSCH resources will be largely 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 suggest to divide the CSI into rank =1 related part and the remaining part as shown in Figure 2. Each part is encoded independently. One use case is to report these two parts in two different slots. In this way, when aperiodic CSI is triggered, PUSCH resource could be allocated according to RI=1 CSI payload size. Depending on RI value in first CSI reporting instance, gNB determines whether to trigger another aperiodic CSI reporting for the remaining CSI. If triggered, PUSCH resources could be allocated based on the received CSI contents at the first CSI reporting instance.
[image: ]
Figure 2: Separately encoding of Type II CSI

 Proposal:
· Type II CSI is divided into rank=1 related part and the remaining part with each part encoded independently.

Codebook subset restriction
In LTE system, for Class A codebook, there are three types of CSR, i.e. beam, W2 and rank. Since Type I codebook in NR shares the same principle as that of Class A codebook, the same CSR mechanism in LTE could be reused. The beam restriction of LTE aims to control the inter-cell interference. However, 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. Therefore, we prefer to not support the beam restriction for Type II. On the other hand, rank restriction could still be support for Type II, which is capable of effectively decreasing the UE’s computational complexity.
Proposals:
· The CSR mechanism of LTE Class A codebook could be reused for Type I codebook.
· Beam restriction is not supported for Type II codebook.
Conclusions
In this contribution, we provide our views on CSI reporting for Type I/II codebook based scheme. We have the following observation and proposals:
Observation: Whether to support aperiodic CSI on PUCCH depends on the triggering mechanism.
Proposal 1: Periodic and semi-persistent CSI reporting should be carried on PUCCH only.
Proposal 2: Only one slot CSI reporting is supported.
Proposal 3: RI and the other parts of CSI are separately encoded for Type I.
Proposal 4: Type II CSI feedback is aperiodically triggered which is carried in PUSCH only.
Proposal 5: Type II CSI is divided into rank=1 related part and the remaining part with each part encoded independently.
Proposal 6: The CSR mechanism of LTE Class A codebook could be reused for Type I codebook.
Proposal 7: Beam restriction is not supported for Type II codebook.
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