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Background
In RAN1#90, the following WF was agreed regarding CSI reporting:
Agreements:
· R1-1715288 is agreed
· Note: the ordering of UCI bits is to be decided by channel coding session

On Encoding of CSI parameters for PUCCH-based reporting:
· 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
Encoding of CSI parameters for PUSCH-based reporting:
· 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


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


List of open issues
To summarize, the reporting modes in Table 1 has so far been agreed.
Table 1: Agreed correspondence between physical channels, time-domain behaviour and reporting content
	
	Time-domain behaviour
	Reporting content

	
	Periodic
	Semi-persistent
	Aperiodic
	WB Type I
	SB Type I
	SB Type II

	Short duration PUCCH
	✔
	(✔)
	(✔)
	✔
	
	

	Long duration PUCCH
	✔
	(✔)
	
	✔
	✔
	

	PUSCH
	N/A
	(✔)
	✔
	✔
	✔
	✔



Based on the previous agreements and the discussion in contributions, we list the following open issues:
Open issues:
1. Decide potential downselection of physical channels for SP-CSI reporting
2. Decide between the alternatives on how CSI parameters are encoded in UCI for
a. Short PUCCH
b. Long PUCCH
c. PUSCH
3. Decide if aperiodic reporting mode for fast CSI feedback carried on PUCCH is needed (Y=0 supproted)
4. [bookmark: _GoBack]Definition of codebook subset restriction (CBSR)
5. Define the partial band CSI frequency-granularity 
6. Decide whether to support additional overhead reduction via frequency parametrization for Type II codebooks
7. CSI feedback mechanism for NC-JT
8. Need for additional codebooks or codebook details
9. Other issues

Views on the open issues
In this section, we list companies views on the open issues and make proposals for next steps based on majority view.
Decide potential downselection of physical channels for SP-CSI reporting
The following company views have been observed regarding what physical channel carry semi-persistent reporting:
· Carried on PUCCH: LGE, QC, SS, HW, ZTE, CATT
· Carried on PUSCH: LGE, E///, HW
As can be seen, many companies want to consider SP-CSI for both PUCCH and PUSCH while other companies consider PUCCH only or PUSCH only. Therefore, we propose to support both mechanisms:
Proposal 1:
· Semi-persistent reporting is supported for both PUCCH and PUSCH
· FFS what type of CSI is carried on each physical channel, triggering mechanism and relationship to periodicity of CSI-RS
Decide between the alternatives on how CSI parameters are encoded in UCI 

For short PUCCH:
· Alt. 1: RI/CRI/PMI/CQI jointly encoded: ZTE (payload ambiguity is solved by CSR), HW (multiple blind decodes?), Intel
· Alt. 1B: RI/CRI/PMI/CQI with padding bits prior to encoding: E///, CATT, LGE (multiple padding hypotheses), SS, DCM (pad with CRC bits), QC

For long PUCCH:
· Alt. 1: RI/CRI/PMI/CQI with padding bits prior to encoding: Intel, LGE (multiple padding hypotheses)
· Alt. 2: RI/CRI encoded separately from PMI/CQI: ZTE, HW, E///, CATT, SS, DCM

For PUSCH:
For Type II CSI
· Split CSI payload in 2 segments: 
· Split up layer-wise: CATT
· Include information of number of non-zero coefficients in first segment: HW, LGE
· Include WB amplitude information in first segment: Intel
· Split CSI payload in 3 segments: E///, ZTE, SS, DCM

Based on majority view, we propose that:
Proposal 2:
· For short PUCCH, RI/CRI/PMI/CQI is jointly encoded with padding bits prior to encoding to ensure same payload size irrespective of RI/CRI
· For long PUCCH, RI/CRI is separately encoded from PMI/CQI
More offline discussion is required for Type II CSI encoding.



Decide if aperiodic reporting mode for fast CSI feedback carried on PUCCH is needed (Y=0 supported)
Some companies are proposing to support that aperiodic CSI reports can be carried on short PUCCH in order to facilitate immediate CSI feedback or more flexible transmission of small payload sizes aperiodically, while other companies want PUSCH reporting only.

Aperiodic on PUSCH only: SS, CATT,
Aperiodic on PUCCH: E///, HW, LGE, QC, NOK, IDC

[bookmark: _Toc493601438]Majority of companies support aperiodic CSI feedback on PUCCH

Proposal 3:
· Support aperiodic CSI feedback carried on PUCCH

Definition of Codebook subset restriction (CBSR)
There are several remaining issues on CBSR, which were identified as FFS points in the agreement in RAN1#90.
For CBSR for single-panel Type I codebook, how to handle rank 3&4 is FFS:
Type I rank 3&4 CBSR:
· Use additional bitmap to restrict : LGE, SS, QC
· Re-use bitmap for other ranks to restrict : E///, Intel (also restrict inter-group co-phase), HW (also restrict inter-group co-phase), CATT, SS

For Type I multi-panel codebook, it is FFS is inter-panel cophase is additionally restricted in addition to DFT beams:
Type I multi-panel CBSR:
· Restrict DFT beams only: E///, HW, CATT, SS, QC
· Also restrict inter-panel cophase: Intel

The support for Type II CBSR is currently FFS:
Type II CBSR:
· Restrict individual DFT beams: E///, ZTE, HW (also restrict max amplitude level per beam), LGE, QC, Intel (use one bitmap for low power beams and one bitmap for high power beams)
· Restrict DFT beam groups: CATT, SS

Another issue is if PMI payload depends on CBSR:
CBSR impacts PMI payload:
· Yes: ZTE, AT&T
· No: HW, E///, SS, QC

Based on majority view, we propose the following:
Proposal 4:
· For codebook subset restriction for Type I SP rank 3-4 codebooks for 16, 24, and 32 ports
· Use single bitfield, determine restricted  depending on restricted 
· FFS details
· For codebook subset restriction for Type I MP codebook
· Restrict DFT beams  (defined in 38.214)
· For codebook subset restriction for Type II codebook,
· Restrict individual DFT beams
· Codebook subset restriction does not impact PMI payload size
 Details on partial band/sub-band CSI feedback
E/// discusses the definition of partial band for CSI reporting and CSI-RS resource in a contribution. ZTE and MediaTek discuss sub-band report mechanism for Type II CSI in contributions.

Decide whether to support additional overhead reduction via frequency parametrization for Type II codebooks
In the agreed codebook WF in RAN1#89, there was an FFS on if frequency-dependent parametrization of beam co-phasing, utilizing the frequency correlation, in order to further reduce Type II PMI overhead. LG proposes to introduce a new codebook mode based on linear phase shift with delay-related parameter and present SLS results supporting this design. ZTE and MTK proposes that frequency-dependent parametrization can be achieved by partial subband reporting and letting the gNB interpolate between the reported subbands. E/// presents analysis of beam frequency correlation and simplified evaluation results.
[bookmark: _Toc493601439]No consensus at present on detailed design for frequency parametrization for Type II CSI
CSI feedback mechanism for NC-JT
Several companies (E///, HW, LGE, CATT) discusses introducing CSI feedback mechanism for NC-JT CSI in the multi-TRP case based on measuring several NZP CSI-RS resources for channel measurements.
Since multi-TRP operation was downscoped at the RAN plenary, discussion can resume in Phase II.

Need for additional codebooks or codebook details
Some companies bring proposals for introducing additional codebooks revising agreed codebook design:
· Some companies discuss introduction of other port selection codebooks in the CSI acquisition for reciprocity agenda item
· Rank 4 CB for Type II: HW (without increasing payload), SS (in Phase II)
· HW propose introduction of Category 2 Type II codebook as well a Type II codebook for beamformed CSI-RS with K>1
· MTK proposes to introduce 16 ports rank 3 & 4 codebooks without antenna grouping
· Ericsson proposes extension of multi-panel codebook to support 2 ports per panel

[bookmark: _Toc493601440]Varied proposals on codebook enhancements

 Other issues
Some other issues that have been discussed in companies’ contributions are summarized below:
· Some companies (SS, DCM) discusses omitting reporting of CSI parameters for hybrid reporting



Conclusions
In this tdoc, we summarize companies views on CSI feedback, the following observations have been made:
Observation 1	Majority of companies support aperiodic CSI feedback on PUCCH
Observation 2	No consensus at present on detailed design for frequency parametrization for Type II CSI
Observation 3	Varied proposals on codebook enhancements

Based on the companies’ views, we make the following proposals for possible agreements:
Proposal 1:
· Semi-persistent reporting is supported for both PUCCH and PUSCH
Proposal 2:
· For short PUCCH, RI/CRI/PMI/CQI is jointly encoded with padding bits prior to encoding to ensure same payload size irrespective of RI/CRI
· For long PUCCH, RI/CRI is separately encoded from PMI/CQI
Proposal 3:
· Support aperiodic CSI feedback carried on PUCCH
Proposal 4:
· For codebook subset restriction for Type I SP rank 3-4 codebooks for 16, 24, and 32 ports
· Use single bitfield, determine restricted  depending on restricted 
· FFS details
· For codebook subset restriction for Type I MP codebook
· Restrict DFT beams  (defined in 38.214)
· For codebook subset restriction for Type II codebook,
· Restrict individual DFT beams
· Codebook subset restriction does not impact PMI payload size
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