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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 NR-AH#3 meeting [1], the following agreements on procedures and UCI multiplexing were achieved:
Agreement:

Encoding for short PUCCH-based reporting
· Short PUCCH is only used for wideband and partial-band reporting (one CSI for all the subbands in the CSI reporting band)
· The same information payload irrespective of RI/CRI in a given slot (to avoid blind decoding)

Encoding for long PUCCH-based reporting
· For wideband or partial-band reporting, use the same solution as short PUCCH
· For subband reporting
· Use solution as for PUSCH (two-part encoding): slide 4 of R1-1715288 
· Note: CRI/RI can be decoded first to determine the payload of PMI/CQI

Encoding for PUSCH-based reporting
· For Type II, 
· CSI parameters of a Type II CSI report are not multiplexed across multiple PUSCH transmissions
· Use a two-part scheme with
· Part 1 contains RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer
· Fixed payload size used for part 1; part 2 contains remaining CSI
· Indication of the number of non-zero wideband amplitude coefficients per layer in part 1
· Separately encoded parts of a CSI report on PUSCH carrying UL-SCH have different transmission priority
· Part 1 (used to identify the number of information bits in part 2) has higher priority
· Part 1 is first included in a transmission in their entirety before part 2
· Information bits and/or channel coded bits of part 2 can be partially transmitted
· Omit CSI parameters corresponding to at least one subbands for part 2
· TBD by RAN1#90bis: if all of part 2 can be dropped as a special case
· TBD by RAN1#90bis: specify one of the following omission rules: 
· Omitted subbands are determined based on a decimation ratio and/or a priority pattern used to order subband CSI (defined in specification) 
· Omitted subbands are determined based on the measured subband CQI included in part 1

CSI reporting characteristics
· Type II CSI can be configured to be carried both on long PUCCH and on PUSCH
· CSI parameters of a report are not multiplexed across PUCCH or PUSCH transmissions
· Type II CSI reports carried on long PUCCH consist only of part 1
· Type II CSI reports carried on PUSCH consist both of part 1 and part 2, 
· Taking into account CSI part priority on encoding for PUSCH-based reporting
· CSI reports on long PUCCH and on PUSCH are calculated independently 
· Note: Whether a UE can be configured with Type II CSI reports on both long PUCCH and PUSCH is a UE capability
· Either a long or short PUCCH resource can be configured to carry a CSI report
· As long as payload size of long or short PUCCH is sufficient to avoid multiplexing a CSI report across multiple PUCCH transmissions
· Note: this allows a small CSI payload to be transmitted on long PUCCH e.g. for coverage 
· Support S-CSI on PUSCH using similar mechanism to LTE SPS
· Resources/MCS for S-CSI on PUSCH are allocated semi-persistently using DCI
· S-CSI supports Type II with minimum periodicity of 5ms
· Support A-CSI on short PUCCH using higher-layer PUCCH resource configuration and DCI-based triggering, [working assumption: including with Y>0]
· FFS: timing relationship relative to CSI-RS

For frequency granularity, the following agreements were achieved:
Agreement:
· For CSI reporting, a subband is defined as N contiguous PRBs, the value of N depends on the bandwidth of the active bandwidth part
· FFS if value of N is fixed for a certain bandwidth or configurable from a set of values or if it depends on RBG /PRG size
· A CSI reporting setting configuration defines a CSI reporting band as a subset of subbands of the bandwidth part, and following information is configured in CSI reporting setting
· Single / Multiple CQI:
· Single CQI is reported per CW for the entire CSI reporting band, if single CQI is configured 
· CQI per CW per subband is reported for each subband in the CSI reporting band if multiple CQI is configured
· Single / Multiple PMI:
· Single PMI is reported for the entire CSI reporting band, if single PMI is configured
· PMI (only i2 for > 2 TX) is reported for each subband the CSI reporting band, if multiple PMI is configured
· The UE is not expected to be configured with a CSI reporting band which contains subbands where RSs for channel and interference are not present
· The subset of subbands can be configured to be contiguous or non-contiguous

And the following agreements on CSI reporting content for hybrid mechanism 1 and semi-open-loop were achieved:
Agreement:
· A CSI report can contain only PMI consisting of only i1 using Type I single panel codebook and CRI/RI
· A CSI report can contain only PMI consisting of only i1 using Type I single panel codebook, CQI  and CRI/RI, computing CQI assuming PDSCH transmission with Np≥1 precoders, where
· UE can assume that one precoder is randomly selected from the set of Np precoders for each PRG on PDSCH
· The PRG size in CSI feedback is RRC configured
· The set of Np precoders for CQI calculation are indicated by codebook subset restriction

In this contribution, we discuss some remaining details of the CSI reporting and summarize the some aspects of CSI and beam management reporting for various use cases.
2. Discussion on Remaining CSI Reporting
Current agreements on partitioning of Type II CSI report is to use a two-part scheme: part 1 with fixed payload size contains RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer; while part 2 contains remaining CSI. When only part 1 of Type II CSI report is carried on long PUCCH, there will be no more Type II CSI information reported according to other agreements: CSI parameters of a report are not multiplexed across PUCCH or PUSCH transmissions; CSI reports on long PUCCH and on PUSCH are calculated independently. The use case of part 1 of Type II CSI reports carried on long PUCCH is not very clear, since part 1 information alone can neither be used to reconstruct the Type II-based CSI nor be used for semi-open-loop transmission. To be useful, at least the wideband information in Type II CSI should be reported, including RI, PMI for beam selection, and wideband amplitude per layer, and wideband CQI. In addition, it should be clarified that the CSI reports piggybacked on PUSCH should still follow its original coding pattern. For example, when Type II CSI reports with part 1 only on long PUCCH is piggybacked on PUSCH, it should not follow the rule that Type II CSI reports carried on PUSCH contains both of part 1 and part 2.
Observation 1:
· The use case of part 1 of Type II CSI reports carried on long PUCCH should be further clarified. 
For Type II CSI reporting, there are some occasions when the allocated PUSCH resource has not sufficient room for the entire Type II CSI reports. In such cases, part of Type II CSI will be dropped. Since part 1 has higer priority, some portions of part 2 will be dropped. Omitting subbands based on the measured subband CQI included in part 1 is beneficial to the scheduler at the gNB to select the subbands with higher quality. It has been agreed that Type II CSI can be configured to be carried both on long PUCCH and on PUSCH, while Type II CSI reports carried on long PUCCH consist only of part 1, and Type II CSI reports carried on PUSCH consist both of part 1 and part 2. Therefore, dropping all of part 2 of Type II CSI report carried on PUSCH can be a special case if it is proven to be useful. 
Proposal 1:
· For Type II CSI reporting
· Dropping all of part 2 as a special case can be supported if it is proven to be useful
· Omitted subbands are determined based on the measured subband CQI included in part 1
Proposal 2: 
· CSI reports piggybacked on PUSCH should still follow its original coding pattern.
A-CSI on short PUCCH has been supported, it is straightforward that A-CSI on long PUCCH should also be supported to enhance the coverage.
Proposal 3:
· Support A-CSI on long PUCCH using higher-layer PUCCH resource configuration and DCI-based triggering.
For frequency granularity, a subband is defined as N contiguous PRBs, where N depends on the bandwidth of the active bandwidth part. No mattern if value of N is fixed for a certain bandwidth or configurable from a set of values or it depends on RBG /PRG size, the number of PRBs in a subband should be a certain times of RBG/PRG size. 
3. Discussion on Reporting Contents
According to the current agreements on both CSI reporting and beam management reporting, we summarize the UL channels to carry the CSI and beam management reporting for various use cases in Table 1. Note that piggyback on PUSCH is not assumed. And whether beam reporting can be carried on short PUCCH depends on the number of selected beams to be reported. While the possible feedback contents for these use cases are listed in Table 2. Details of the feedback contents for NZP CSI-RS IM reporting can be found in our companion contribution [2].
Table 1: Aspects of CSI and beam management reporting for use cases
	Use case
	Feedback bandwidth
	Periodic reporting
	Semi-persistent reporting
	Aperiodic reporting

	Type I CSI reporting
	WB/PB
	· Short PUCCH
· Long PUCCH (for coverage)
	· Short PUCCH
· Long PUCCH (for coverage)
	· Short PUCCH
· Long PUCCH (for coverage)
· PUSCH

	
	SB
	· Long PUCCH
	· Long PUCCH
	· Long PUCCH
· PUSCH

	Type II CSI reporting (part 1 + part 2)
	SB
	· N.A.
	· PUSCH
	· PUSCH

	Type II CSI reporting (part 1 only)
	SB
	· N.A.
	· Long PUCCH
· PUSCH (when dropping part 2)
	· Long PUCCH
· PUSCH (when dropping part 2)

	NZP CSI-RS IM reporting
	WB/PB
	· N.A.
	· FFS
	· Short PUCCH
· Long PUCCH
· PUSCH

	
	SB
	· N.A.
	· FFS
	· Long PUCCH
· PUSCH

	Semi-open-loop CSI reporting
	WB/PB
	· Short PUCCH
· Long PUCCH (for coverage)
	· Short PUCCH
· Long PUCCH (for coverage)
	· Short PUCCH
· Long PUCCH (for coverage)
· PUSCH

	Non-PMI CSI reporting
	
	
	
	

	Hybrid CSI reporting
	
	
	
	

	Beam reporting
	
	
	
	



Table 2: Feedback content for use cases
	Use case
	Feedback bandwidth
	Feedback content

	Type I CSI reporting
	WB/PB
	RI (CRI), WB PMI1 + WB PMI2, WB CQI

	
	SB
	RI (CRI), WB PMI1 + SB PMI2, WB CQI + SB CQI

	Type II CSI reporting (part 1 + part 2)
	SB
	Part 1: RI (CRI), WB CQI + SB CQI, indication of the number of NZ WB amplitude coefficients per layer
Part 2: WB PMI, WB amplitude, (SB amplitude), SB phase

	Type II CSI reporting (part 1)
	SB
	Part 1: RI (CRI), WB CQI + SB CQI, indication of the number of NZ WB amplitude coefficients per layer

	NZP CSI-RS IM reporting
	WB/PB
	WB CQI, (RI, PMI, channel/interference hypotheis index)

	
	SB
	WB CQI + SB CQI, (RI, PMI, channel/interference hypotheis index)

	Semi-open-loop CSI reporting
	WB/PB
	RI (CRI), PMI1 in Type I codebook, WB CQI

	Non-PMI CSI reporting
	WB/PB
	RI (CRI), WB CQI

	Hybrid CSI reporting
	WB/PB
	RI (CRI), PMI1 in Type I codebook

	Beam reporting
	WB/PB
	CRI/SSB time index, WB L1-RSRP



Based on the feedback UL channels and feedback contents for various use cases shown in Table 1 and Table 2, we can summarize the possible feedback contents on short PUCCH and long PUCCH as shown in Table 3, which could be helpful for feedback format design. 
Table 3 : Use cases of CSI and beam reporting on various UL channels
	Index
	Short PUCCH
	Long PUCCH

	0
	RI (CRI), WB PMI1 + WB PMI2, WB CQI

	1
	RI (CRI), PMI1 in Type I codebook, WB CQI

	2
	RI (CRI), WB CQI

	3
	RI (CRI), PMI1 in Type I codebook

	4
	CRI/SSB time index, WB L1-RSRP

	5
	FFS: WB CQI, (RI, PMI, channel/ interference hypotheis index)
	FFS: WB CQI + SB CQI, (RI, PMI, channel/ interference hypotheis index)

	6
	
	RI (CRI), WB PMI1 + SB PMI2, WB CQI + SB CQI

	7
	
	RI (CRI), WB CQI + SB CQI, indication of the number of NZ WB amplitude coefficients per layer



Then, we propose,
Proposal 4:
· Feedback format design should at least consider the cases as shown in the following Table:
	Index
	Short PUCCH
	Long PUCCH

	0
	RI (CRI), WB PMI1 + WB PMI2, WB CQI

	1
	RI (CRI), PMI1 in Type I codebook, WB CQI

	2
	RI (CRI), WB CQI

	3
	RI (CRI), PMI1 in Type I codebook

	4
	CRI/SSB time index, WB L1-RSRP

	5
	FFS: WB CQI, (RI, PMI, channel/ interference hypotheis index)
	FFS: WB CQI + SB CQI, (RI, PMI, channel/ interference hypotheis index)

	6
	
	RI (CRI), WB PMI1 + SB PMI2, WB CQI + SB CQI

	7
	
	RI (CRI), WB CQI + SB CQI, indication of the number of NZ WB amplitude coefficients per layer



4. Conclusion
We discuss some remaining details of the CSI reporting and summarize the some aspects of CSI and beam management reporting for various use cases. Following on only part 1 of Type II reports carried on long PUCCH is observed:
Observation 1:
· The use case of part 1 of Type II CSI reports carried on long PUCCH should be further clarified..
And we have following proposals:
Proposal 1:
· For Type II CSI reporting
· Dropping all of part 2 as a special case can be supported if it is proven to be useful
· Omitted subbands are determined based on the measured subband CQI included in part 1
Proposal 2: 
· CSI reports piggybacked on PUSCH should still follow its original coding pattern.
Proposal 3:
· Support A-CSI on long PUCCH using higher-layer PUCCH resource configuration and DCI-based triggering.
Proposal 4:
· Feedback format design should at least consider the cases as shown in the following Table:
	Index
	Short PUCCH
	Long PUCCH

	0
	RI (CRI), WB PMI1 + WB PMI2, WB CQI

	1
	RI (CRI), PMI1 in Type I codebook, WB CQI

	2
	RI (CRI), WB CQI

	3
	RI (CRI), PMI1 in Type I codebook

	4
	CRI/SSB time index, WB L1-RSRP

	5
	FFS: WB CQI, (RI, PMI, channel/ interference hypotheis index)
	FFS: WB CQI + SB CQI, (RI, PMI, channel/ interference hypotheis index)

	6
	
	RI (CRI), WB PMI1 + SB PMI2, WB CQI + SB CQI

	7
	
	RI (CRI), WB CQI + SB CQI, indication of the number of NZ WB amplitude coefficients per layer
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