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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 #90 meeting [1], the following CSI format design principles were agreed:

Agreements:
· 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 I: only single-slot reporting
· A CSI report is composed of up to 2 parts
· Part 1: RI/CRI, CQI for the 1st CW
· FFS: if only wideband CQI is used for the first part 
· Part 2: PMI, CQI for the 2nd CW (when RI>4)
· 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)
· FFS: For codebook based on BF CSI-RS
· FFS: Concurrent use of PUCCH and PUSCH reporting in different slots
· FFS: RE mapping and layer mapping of UCI symbols
· FFS: Reporting mechanism for the case where PUSCH and PUCCH collide in one slot

	
	Periodic CSI (P-CSI)
	Semi-persistent CSI (SP-CSI)
	Aperiodic CSI (A-CSI)

	Frequency granularity
	Wideband or partial band(+)
	Wideband, partial band, or subband 
	Wideband, partial band, or subband 

	Physical channel being used
	Short PUCCH or long PUCCH (*)
	Short PUCCH, long PUCCH, or PUSCH (*)(**)
	PUSCH (****)

	Codebook(s)
	Type I CSI
	Type I and II CSI (***)
	Type I and II CSI



(+) FFS: if partial band is a portion of a bandwidth part; wideband is an entire bandwidth part
(*) FFS: The conditions for using short PUCCH vs. long PUCCH
· To be concluded in RAN1 NR-AH3
(**) FFS: Potential down selection of the three options
(***) Type II CSI is only applicable for PUSCH (if supported)
· FFS: support for partial Type II CSI reporting for SP-CSI
(****) If Y=0 supported, A-CSI can also be reported over short PUCCH, e.g. for WB CQI for URLLC

In this contribution, we discuss some details of the CSI reporting for Type 1 feedback over PUCCH.
2. Discussion
2.1. CSI reporting overview
In NR, two types of CSI feedback have been agreed [2]. Similar to FD-MIMO, Type I feedback is codebook-based PMI feedback with normal spatial resolution. PMI codebook has at least two stages, i.e., W = W1W2 where W1 codebook comprises of 1D or 2D beam groups/vectors, and W2 performs the co-phasing and/or beam selection for the two polarizations. Type II CSI feedback was introduced to provide spatial channel feedback with high resolution in order to enhance performance especially in MU-MIMO scenario. A precoding matrix for Type II codebook is represented as linear combination of mutually orthogonal DFT beams. For Type I and II, CSI feedback per subband (SB) as well as partial band (PB) and wideband (WB) feedback are supported.
In addition to conventional periodic CSI (P-CSI) reporting and aperiodic CSI (A-CSI) reporting, semi-persistent CSI (SP-CSI) reporting is also supported in NR. Periodic CSI reporting can be used to frequently provide coarse/base CSI, e.g., wideband CSI to maintain the link between gNB and UE. An alternative use case, or the UE’s also is suitable to the URLLC, It would have small payload sizes that can be contained in PUCCH. As one of the use cases, aperiodic CSI reporting intends to feedback detailed CSI, e.g., subband CSI or Type II codebook reporting, which can be dynamically triggered on need. PUSCH has been agreed to carry aperiodic CSI reports which can accommodate large payload. A-CSI can also be reported over short PUCCH in another use case of URLLC where CSI is required urgently within a single slot while CSI payload size is wideband-wise, e.g., wideband CQI. Semi-persistent CSI reporting, which can be activated/deactivated by MAC CE and/or DCI, behaves similar to periodic one to report the CSI periodically in a period of time.
NR supports two types of PUCCH transmission, long PUCCH and short PUCCH. Long PUCCH, with 4 to 14 OFDM symbols containing up to few hundreds of bits, can provide large container, high reliability, or extended coverage. While short PUCCH, with up to 2 OFDM symbols containing up to few tens of bits, supports fast feedback with limited container size.
Different from LTE CSI feedback, it was agreed that only single-slot reporting, i.e., no multiplexing of CSI parameters of a report in multiple slots, is supported for CSI feedback. Following the self-contained principle of NR, this would avoid designing different PUCCH report types and complicated collision rules [3], and avoid error propagation caused by the dependency among multi-step CSI feedback.
Table 1 lists the payloads of wideband PMI and subband PMI with 10 subbands assumed based on Type I single-panel codebook for all possible CSI-RS port layouts.
Table 1: Payloads for Type I codebooks (10 subbands assumed)
	CSI-RS port layout
	
	Rank 1
	Rank 2
	Rank 3~4
	Rank 5~6
	Rank 7~8

	Port (N1,N2)
(O1,O2)
	L
	WB
	SB
	WB
total
	SB
total
	WB
	SB
	WB
total
	SB
total
	WB
	SB
	WB
total
	SB
total
	WB
	SB
	WB
total
	SB
total
	WB
	SB
	WB
total
	SB
total

	2
	1
	2
	
	2
	
	1
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	4 (2,1)(4,-)
	1
	3
	2
	5
	23
	4
	1
	5
	14
	3
	1
	4
	13
	
	
	
	
	
	
	
	

	
	4
	2
	4
	6
	42
	3
	3
	6
	33
	
	
	
	
	
	
	
	
	
	
	
	

	8 (2,2)(4,4)
	1
	6
	2
	8
	26
	8
	1
	9
	18
	8
	1
	9
	18
	6
	1
	7
	16
	6
	1
	7
	16

	
	4
	4
	4
	8
	44
	6
	3
	9
	36
	
	
	
	
	
	
	
	
	
	
	
	

	8 (4,1)(4,-)
	1
	4
	2
	6
	24
	6
	1
	7
	16
	6
	1
	7
	16
	4
	1
	5
	14
	3
	1
	4
	13

	
	4
	3
	4
	7
	43
	5
	3
	8
	35
	
	
	
	
	
	
	
	
	
	
	
	

	12 (3,2)(4,4)
	1
	7
	2
	9
	27
	9
	1
	10
	19
	9
	1
	10
	19
	7
	1
	8
	17
	6
	1
	7
	16

	
	4
	5
	4
	9
	45
	7
	3
	10
	37
	
	
	
	
	
	
	
	
	
	
	
	

	12 (6,1)(4,-)
	1
	5
	2
	7
	25
	7
	1
	8
	17
	7
	1
	8
	17
	5
	1
	6
	15
	5
	1
	6
	15

	
	4
	4
	4
	8
	44
	6
	3
	9
	36
	
	
	
	
	
	
	
	
	
	
	
	

	16 (4,2)(4,4)
	1
	7
	2
	9
	27
	9
	1
	10
	19
	8
	1
	9
	18
	7
	1
	8
	17
	6
	1
	7
	16

	
	4
	5
	4
	9
	45
	7
	3
	10
	37
	
	
	
	
	
	
	
	
	
	
	
	

	16 (8,1)(4,-)
	1
	5
	2
	7
	25
	7
	1
	8
	17
	6
	1
	7
	16
	5
	1
	6
	15
	5
	1
	6
	15

	
	4
	4
	4
	8
	44
	6
	3
	9
	36
	
	
	
	
	
	
	
	
	
	
	
	

	24 (6,2)(4,4)
	1
	8
	2
	10
	28
	10
	1
	11
	20
	9
	1
	10
	19
	8
	1
	9
	18
	7
	1
	8
	17

	
	4
	6
	4
	10
	46
	8
	3
	11
	38
	
	
	
	
	
	
	
	
	
	
	
	

	24 (4,3)(4,4)
	1
	8
	2
	10
	28
	10
	1
	11
	20
	9
	1
	10
	19
	8
	1
	9
	18
	8
	1
	9
	18

	
	4
	6
	4
	10
	46
	8
	3
	11
	38
	
	
	
	
	
	
	
	
	
	
	
	

	24 (12,1)(4,-)
	1
	6
	2
	8
	26
	8
	1
	9
	18
	7
	1
	8
	17
	6
	1
	7
	16
	6
	1
	7
	16

	
	4
	5
	4
	9
	45
	7
	3
	10
	37
	
	
	
	
	
	
	
	
	
	
	
	

	32 (8,2)(4,4)
	1
	8
	2
	10
	28
	10
	1
	11
	20
	9
	1
	10
	19
	8
	1
	9
	18
	7
	1
	8
	17

	
	4
	6
	4
	10
	46
	8
	3
	11
	38
	
	
	
	
	
	
	
	
	
	
	
	

	32 (4,4)(4,4)
	1
	8
	2
	10
	28
	10
	1
	11
	20
	9
	1
	10
	19
	8
	1
	9
	18
	8
	1
	9
	18

	
	4
	6
	4
	10
	46
	8
	3
	11
	38
	
	
	
	
	
	
	
	
	
	
	
	

	32 (16,1)(4,-)
	1
	6
	2
	8
	26
	8
	1
	9
	18
	7
	1
	8
	17
	6
	1
	7
	16
	6
	1
	7
	16

	
	4
	5
	4
	9
	45
	7
	3
	10
	37
	
	
	
	
	
	
	
	
	
	
	
	



2.2. Payload size analysis for Type I feedback
Based on Table 1, we also derived payloads of wideband CSI reporting and subband CSI reporting for Type I single-panel codebooks of all possible CSI-RS port layouts in Table 2 and Table 3 respectively. PMI together with RI, CRI, CQI are included for analysis. The payload is divided into fixed part and varying part. The fixed part includes RI/CRI which is related to the CSI-RS port layout and gNB’s configuration, whereas the varying part includes PMI/CQI depending on RI. The overall column gives the payload size range for the varying part.
Table 2: Payloads of wideband CSI reporting for Type I single-panel codebooks
	CSI-RS port layout
	Fixed part
	Varying part

	
	
	One codeword
	Two codewords
	Overall

	Port (N1,N2)(O1,O2)
	L
	RI
	CRI
	PMI
	CQI
	Total
	PMI
	CQI
	Total
	

	2
	1
	1
	0~3
	1~2
	4
	5~6
	
	
	
	5~6

	4 (2,1)(4,-)
	1
	2
	
	4~5
	4
	8~9
	
	
	
	8~9

	
	4
	1
	
	6
	4
	10
	
	
	
	10

	8 (2,2)(4,4)
	1
	3
	
	8~9
	4
	12~13
	7
	7
	14
	12~14

	
	4
	1
	
	8~9
	4
	12~13
	
	
	
	12~13

	8 (4,1)(4,-)
	1
	3
	
	6~7
	4
	10~11
	4~5
	7
	11~12
	10~12

	
	4
	1
	
	7~8
	4
	11~12
	
	
	
	11~12

	12 (3,2)(4,4)
	1
	3
	
	9~10
	4
	13~14
	7~8
	7
	14~15
	13~15

	
	4
	1
	
	9~10
	4
	13~14
	
	
	
	13~14

	12 (6,1)(4,-)
	1
	3
	
	7~8
	4
	11~12
	6
	7
	13
	11~13

	
	4
	1
	
	8~9
	4
	12~13
	
	
	
	12~13

	16 (4,2)(4,4)
	1
	3
	
	9~10
	4
	13~14
	7~8
	7
	14~15
	13~15

	
	4
	1
	
	9~10
	4
	13~14
	
	
	
	13~14

	16 (8,1)(4,-)
	1
	3
	
	7~8
	4
	13~14
	6
	7
	13
	13~14

	
	4
	1
	
	8~9
	4
	12~13
	
	
	
	12~13

	24 (6,2)(4,4)
	1
	3
	
	10~11
	4
	14~15
	8~9
	7
	15~16
	14~16

	
	4
	1
	
	10~11
	4
	14~15
	
	
	
	14~15

	24 (4,3)(4,4)
	1
	3
	
	10~11
	4
	14~15
	9
	7
	16
	14~16

	
	4
	1
	
	10~11
	4
	14~15
	
	
	
	14~15

	24 (12,1)(4,-)
	1
	3
	
	8~9
	4
	12~13
	7
	7
	14
	12~14

	
	4
	1
	
	9~10
	4
	13~14
	
	
	
	13~14

	32 (8,2)(4,4)
	1
	3
	
	10~11
	4
	14~15
	8~9
	7
	15~16
	14~16

	
	4
	1
	
	10~11
	4
	14~15
	
	
	
	14~15

	32 (4,4)(4,4)
	1
	3
	
	10~11
	4
	14~15
	9
	7
	16
	14~16

	
	4
	1
	
	10~11
	4
	14~15
	
	
	
	14~15

	32 (16,1)(4,-)
	1
	3
	
	8~9
	4
	12~13
	7
	7
	14
	12~14

	
	4
	1
	
	9~10
	4
	13~14
	
	
	
	13~14



Wideband payloads for PMI of Type I codebooks of all ranks range from 1 bit to 11 bits for all agreed CSI-RS port layouts. When L=1, RI needs 1 bit for X=2, 2 bits for X=4, and 3 bits for X>4, where X is the number of CSI-RS ports. When L=4, only 1 bit is required for RI because at most rank 2 is applied. If CRI is reported, additional bits, e.g., 3 bits, will be needed. Assuming wideband CQI follows the definition in LTE, it will require 4 bits for one codeword when RI≤4, and 7 bits for two codewords when RI>4. Therefore, when 3-bit CRI is included, total payload size for wideband CSI reporting is range from 9 bits to 22 bits, which can be accommodated by both short PUCCH and long PUCCH.
For subband CSI reporting, we assume that a UE report one wideband CQI value with 4 bits for one codeword, and two wideband CQI with totally 7 bits for two codewords; and subband CQI value for each codeword are encoded differentially with respect to their respective wideband CQI using 2 bits.
Table 3: Payloads of subband CSI reporting with Type I single-panel codebooks (10 subbands assumed)
	CSI-RS port layout
	Fixed part
	Varying part

	
	
	One codeword
	Two codewords
	Overall

	Port (N1,N2)(O1,O2)
	L
	RI
	CRI
	PMI
	CQI
	Total
	PMI
	CQI
	Total
	

	2
	1
	1
	0~3
	1~2
	24
	25~26
	
	
	
	25~26

	4 (2,1)(4,-)
	1
	2
	
	13~23
	24
	37~47
	
	
	
	37~47

	
	4
	1
	
	33~42
	24
	57~66
	
	
	
	57~66

	8 (2,2)(4,4)
	1
	3
	
	18~26
	24
	42~50
	16
	47
	63
	42~63

	
	4
	1
	
	36~44
	24
	60~68
	
	
	
	60~68

	8 (4,1)(4,-)
	1
	3
	
	16~24
	24
	40~48
	13~14
	47
	60~61
	40~61

	
	4
	1
	
	35~43
	24
	59~67
	
	
	
	59~67

	12 (3,2)(4,4)
	1
	3
	
	19~27
	24
	43~51
	16~17
	47
	63~64
	43~64

	
	4
	1
	
	37~45
	24
	61~69
	
	
	
	61~69

	12 (6,1)(4,-)
	1
	3
	
	17~25
	24
	41~49
	15
	47
	62
	41~62

	
	4
	1
	
	36~44
	24
	60~68
	
	
	
	60~68

	16 (4,2)(4,4)
	1
	3
	
	18~27
	24
	42~51
	16~17
	47
	63~64
	42~64

	
	4
	1
	
	37~45
	24
	61~69
	
	
	
	61~69

	16 (8,1)(4,-)
	1
	3
	
	16~25
	24
	40~49
	15
	47
	62
	40~62

	
	4
	1
	
	36~44
	24
	60~68
	
	
	
	60~68

	24 (6,2)(4,4)
	1
	3
	
	19~28
	24
	43~52
	17~18
	47
	64~65
	43~65

	
	4
	1
	
	38~46
	24
	62~70
	
	
	
	62~70

	24 (4,3)(4,4)
	1
	3
	
	19~28
	24
	43~52
	18
	47
	65
	43~65

	
	4
	1
	
	38~46
	24
	62~70
	
	
	
	62~70

	24 (12,1)(4,-)
	1
	3
	
	17~26
	24
	41~50
	16
	47
	63
	41~63

	
	4
	1
	
	37~45
	24
	61~69
	
	
	
	61~69

	32 (8,2)(4,4)
	1
	3
	
	19~28
	24
	43~52
	17~18
	47
	64~65
	43~65

	
	4
	1
	
	38~46
	24
	62~70
	
	
	
	62~70

	32 (4,4)(4,4)
	1
	3
	
	19~28
	24
	43~52
	18
	47
	65
	43~65

	
	4
	1
	
	38~46
	24
	62~70
	
	
	
	62~70

	32 (16,1)(4,-)
	1
	3
	
	17~26
	24
	41~50
	16
	47
	63
	41~63

	
	4
	1
	
	37~45
	24
	61~69
	
	
	
	61~69



It can be seen from Table 1 that payload sizes of PMI for subband CSI relies heavily on RI when the number of subbands is 10. As shown in Table 3, for subband CSI reporting consisting of subband PMI and subband CQI, the payload sizes varies tens of bits for one CSI-RS port layout. Subband CSI reporting certainly can be accommodated by long PUCCH. Whether subband CSI reporting can be carried by short PUCCH depends on the number of subbands and the number of CSI-RS ports for the report.
Observation 1:
· For wideband CSI reporting with Type I feedback,
· Total payload size ranges from 9 bits to 22 bits.
· For each single CSI-RS port layout with pre-configured L and number of CSI-RS resources, the payload size difference is within 3 bits.
Observation 2:
· For subband CSI reporting with Type I feedback (10 subbands assumed),
· Payload size relies heavily on RI, and it ranges from 25 bits to 70 bits.
· For each single CSI-RS port layout with pre-configured L and number of CSI-RS resources, the payload size difference is round 20 bits.
2.3. Discussion on CSI reporting over PUCCH
As wideband CSI reporting and subband CSI reporting of some cases can be over both short PUCCH and long PUCCH, the network should decide the conditions for using short PUCCH vs. long PUCCH. Since long PUCCH can provide extended coverage, it can be configured to carry periodic wideband CSI reports for the UEs with poor uplink channel condition, e.g., cell-edge users. This principle shall apply to both P-CSI and SP-CSI reporting at least for CSI reporting based on single-panel Type I codebook.
Proposal 1:
· For periodic CSI reporting and semi-persistent CSI reporting, it is configurable to use short PUCCH or long PUCCH considering the payload size and uplink channel condition, at least for CSI reporting based on single-panel Type I codebook.
In addition, we need to down select one of the following alternatives for short PUCCH: 
· 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)
And the following two alternatives are to be down selected for long PUCCH:
· 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
As stated in observation 1, the payload size difference of wideband CSI reporting is within 3 bits for each single CSI-RS port layout with pre-configured L and number of CSI-RS resources. Fast decoding of short PUCCH is achieved by its limited capacity and small number of OFDM symbols. In addition, fixed length of wideband CSI with padding bits regardless RI is desired to simply the gNB’s detection on short PUCCH. Therefore, we propose:
Proposal 2:
· For both short PUCCH and long PUCCH, support RI/CRI/PMI/CQI with padding bits prior to encoding for wideband CSI reporting.
When the number of subbands is large, the payload size relies heavily on RI, and the difference may be within tens of bits for each single CSI-RS port layout with pre-configured L and number of CSI-RS resources. Moreover, it would cause longer latency to decode the CSI after receiving all OFDM symbols for long PUCCH. So Alt. 2 is recommended to separately encode RI/CRI from PMI/CQI to achieve fast decoding and release the complexity of long PUCCH decoding for subband CSI reporting.
Proposal 3: 
· For long PUCCH, support RI/CRI encoded separately from PMI/CQI for subband CSI reporting.
· FFS: Subband CSI reporting over short PUCCH, 
· Alt. 1: RI/CRI/PMI/CQI with padding bits prior to encoding
· Alt. 2: RI/CRI encoded separately from PMI/CQI for subband CSI reporting.
There may be the some cases that more than one CSI reporting happens to be transmitted in a single slot, e.g., a P-CSI reporting by short PUCCH and an A-CSI reporting by PUSCH. If concurrent use of PUCCH and PUSCH reporting in one slot is supported, independent reporting design can satisfy the feedback without additional standardization efforts, and the two reports will not affect each other. 
Proposal 4:
· Support concurrent use of PUCCH and PUSCH reporting in one slot.
3. Conclusion
In this contribution, we discuss some details of the CSI reporting for Type 1 feedback over PUCCH. We have the following observations:
Observation 1:
· For wideband CSI reporting with Type I feedback,
· Total payload size ranges from 9 bits to 22 bits.
· For each single CSI-RS port layout with pre-configured L and number of CSI-RS resources, the payload size difference is within 3 bits.
Observation 2:
· For subband CSI reporting with Type I feedback (10 subbands assumed),
· Payload size relies heavily on RI, and it ranges from 25 bits to 70 bits.
· For each single CSI-RS port layout with pre-configured L and number of CSI-RS resources, the payload size difference is round 20 bits.
And the following are proposed:
Proposal 1:
· For periodic CSI reporting and semi-persistent CSI reporting, it is configurable to use short PUCCH or long PUCCH considering the payload size and uplink channel condition, at least for CSI reporting based on single-panel Type I codebook.
Proposal 2:
· For both short PUCCH and long PUCCH, support RI/CRI/PMI/CQI with padding bits prior to encoding for wideband CSI reporting.
Proposal 3: 
· For long PUCCH, support RI/CRI encoded separately from PMI/CQI for subband CSI reporting.
· FFS: Subband CSI reporting over short PUCCH, 
· Alt. 1: RI/CRI/PMI/CQI with padding bits prior to encoding
· Alt. 2: RI/CRI encoded separately from PMI/CQI for subband CSI reporting.
Proposal 4:
· Support concurrent use of PUCCH and PUSCH reporting in one slot.
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