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Introduction
In the previous RAN1 meetings, there have been various agreements related to CSI reporting. 
Agreements related to periodicity of CSI reporting:
Agreements:
· NR supports aperiodic CSI reporting
· For NR, support both periodic and semi-persistent CSI reporting:
· For periodic: higher-layer configuration of reporting periodicity and timing offset
· FFS for the case of semi-persistent CSI reporting w.r.t. reporting periodicity and timing offset
· FFS on detailed signaling

Agreements related to frequency-granularity of CSI reporting:

Agreements:
· Define “CSI reporting band” as a collection of (contiguous or non-contiguous) subbands pertinent to a CSI reporting setting
· FFS how the CSI reporting band is determined
· Three frequency granularities are supported:
· Wideband reporting
· Partial band reporting
· Subband reporting

Agreements related to physical channels carrying CSI reports:

Agreements:
· Support following features for NR CSI acquisition
· CSI reporting via short duration PUCCH
· FFS on detailed setting in CSI reporting setting
· CSI reporting via long duration PUCCH
· FFS on detailed setting in CSI reporting setting
· PUCCH reporting which is contained in a single slot
· FFS on PUCCH reporting which is contained in multiple slots
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 related to CSI reporting content:
Agreements:
· For Type I feedback, NR supports at least the following (DL) CSI reporting parameters
· Resource selection indicator (Examples for further study are reference signal resource, port, reference signal sequence, beam)
· RI (rank indicator)
· PMI (precoding matrix indicator)
· Channel quality feedback

Agreements:
· For NR, the CSI parameter CRI (CSI-RS Resource Indicator) is supported 
· FFS the applicability to CSI acquisition/beam management

Agreements:
· Slides 4 to 24 in R1-1709232 are agreed
· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details
· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers
Agreements:
· At least for full channel reciprocity, support at least the following CSI acquisition scheme based on channel reciprocity in NR 
· Non-PMI feedback
· CSI contains RI and CQI
Agreements:
· At least some combination(s) of the CSI parameters (e.g., CRI, RI, PMI, CQI, etc.) can be configured to be omitted from reporting within a CSI reporting setting
· FFS details 

List of open issues
Based on the previous agreements and the discussion in contributions, we list the following open issues:
Open issues:
1. Decide what physical channel (i.e. short PUCCH / long PUCCH /PUSCH) carry periodic and semi-persistent reporting 
2. Decide what feedback formats are needed for periodic/SP/aperiodic reporting
a. Frequency-granularity of CSI parameters
b. Codebook Type
3. Specify how CSI parameters are encoded in UCI for the different reporting modes
4. Define the partial band CSI frequency-granularity 
5. Decide if additional aperiodic reporting mode for fast CSI feedback carried on short PUCCH is needed
6. Decide whether to support additional overhead reduction via frequency parametrization for Type II codebooks
7. Need for additional codebooks or codebook details
8. Definition of codebook subset restriction (CBSR)
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.
Issue #1: Decide what physical channel (i.e. short PUCCH / long PUCCH /PUSCH) carry periodic and semi-persistent reporting
A first issue is what physical channels should carry periodic and semi-persistent reporting. Since semi-persistent reporting is a new mode compared to LTE, there are some divergent views on what should be the scope and content of a semi-persistent report, i.e. if it is more like a P-CSI or A-CSI report or if several modes should be possible.
The following table summarizes companies views on what physical channels carry periodic and semi-persistent CSI reports:
	
	Periodic
	Aperiodic
	Semi-persistent

	Short duration PUCCH
	All
	LGE, QC
	LGE, QC, DCM

	Long duration PUCCH
	CATT, HW, QC, NOK, DCM
	-
	LGE, QC, DCM, SS, HW

	PUSCH
	-
	All
	E///, LGE, DCM, HW



[bookmark: _Toc486578214]All companies support P-CSI on short PUCCH, many companies support P-CSI also on long PUCCH
[bookmark: _Toc486578215]Diverse views on what physical channels carry SP-CSI
For periodic reporting, one issue is if CSI reports are reported in a single slot or if CSI content is multiplexed over several PUCCH transmissions on multiple slots.
Supporting companies are as follows:
· For short PUCCH:
· Single-slot only: E///, CATT, HW, SS, 
· Multi-slot possible: QC, NOK, DCM, ZTE
· For long PUCCH:
· Single-slot only: CATT, E///, SS
· Multi-slot possible: QC, NOK, DCM, ZTE, HW

[bookmark: _Toc486578216]Some companies want single slot only reporting especially for short PUCCH, while some companies are okay with multi-slot reporting

Based on these observations, a potential compromise between companies’ views are captured in the proposals below:

Proposal 1: 
· Periodic CSI reporting is carried at least on 
· Short PUCCH in a single-slot
· Long PUCCH
· FFS whether in single-slot only or in multiple slots
Proposal 2: 
· Study further whether semi-persistent CSI reporting is carried on PUCCH and/or PUSCH



Issue #2: Decide what feedback formats are needed for periodic/SP/aperiodic reporting
Another issue is if wideband or subband PMI/CQI should be supported for all reporting modes or only some, as well which modes supports Type I and Type II codebooks. Most companies have the understanding that Type I CSI and WB PMI/CQI is supported for all reporting modes. As the scope of semi-persistent CSI reporting is still unclear, we summarize the reporting content based on the physical channel rather than reporting mode.

Supported reporting modes for Type II CSI:
· Only on PUSCH: CATT, LGE, E///, SS
· PUSCH and long PUCCH: ZTE, NOK, HW
Note: For Type II CSI carried on long PUCCH, some supporting companies propose that only part of the CSI, such as RI and/or RPI is carried on PUCCH, while other propose that a complete Type II report is carried on long PUCCH.
Support of Type I SB PMI/CQI:
· Only on PUSCH: E///
· PUSCH and long PUCCH: ZTE, NOK, HW, QC, SS
For SB Type I CSI reports, it seems that a majority of companies support reporting on both PUSCH and long PUCCH.
Based on this summary, we believe the following agreements could be made:
Proposal 3: 
· 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 if some CSI components may be carried on PUCCH
Issue #3: Specify how CSI parameters are encoded in UCI for the different reporting modes
SS and E/// each proposes detailed mapping of codebook parameters to codebook indices in respective contributions.
Some companies discuss that PMI payload for Type II CSI depends on both RI and reported wideband power coefficients (RPI), while Type I PMI+CQI payload depends on RI. This impacts the encoding of CSI parameters in UCI.

For Type II:
· DCM proposes split PUCCH / PUSCH reporting where PUCCH report contains RI and RPI and sets payload of PUSCH.
· Some companies (NOK, ZTE) proposes split reporting on different long PUCCH instances, where e.g. RI+RPI is carried on separate PUCCH from remaining PMI payload
· E/// proposes that UCI is split up 3 parts that are independently encoded, where RI and RPI for first layer are contained in first part and RPI for second layer is contained in the second part. Payload of part n+1 is known based on decoding on part n
For Type I:
· Intel proposes that RI is independently encoded from PMI+CQI
· SS proposes that RI is jointly encoded with at least another CSI parameter and is CRC-protected, for P-CSI proposes CSI payload is independent of RI
· Qualcomm proposes single packet encoding of CSI parameters for single slot reporting and presents a number of alternatives to accomplish this
As this is a new topic for this RAN1 meeting and companies’ views are somewhat diverse, further discussion could be required in order to reach consensus. However, based on the presented companies’ views, we believe the following tentative proposals can be used at least as a starting point for further discussion:
(Tentative) Proposal 5:
· For aperiodic CSI reporting on PUSCH, UCI contents is split up in at least 2 parts for Type I and at least 2 parts for Type II, where each part is independently FEC-encoded, 
· Note: Payload of part n+1 is known based on decoding on part n and possibly part n – 1, …, 1
· FFS if one or more parts for Type II reporting is carried on PUCCH
The proposals in [24] can be a good starting point for single-slot PUCCH reporting:
(Tentative) Proposal 6: 
· For single-slot PUCCH CSI reporting, joint mapping of all CSI parameters to information bits is supported
· Downselect between the following options to resolve payload ambiguity:
· Alt 1: PMI subsampling for some CRI/RI to make PMI payload the same for all CRI/RI
· Alt 2: Joint encoding of multiple CSI parameters
· Alt 3: Insert padding bits for the lower payload CRI/RIs
· A combination of the above alternatives is not precluded
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Issue #4: Define the partial band CSI frequency-granularity 
E/// discusses the definition of partial band for CSI reporting and CSI-RS resource in a contribution. Some further discussion has taken place on the RAN1 reflector regarding a draft WF [WF #2].

Issue #5: Decide if additional aperiodic reporting mode for fast CSI feedback carried on short PUCCH is needed
Two companies (LGE, QC) are proposing to support that aperiodic CSI reports can be carried on short PUCCH in order to facilitate immediate CSI feedback. As no other company has discussed this issue in their contributions, further study on this topic should be made before decision can be made.
[bookmark: _Toc486578217]Benefit and impact of immediate aperiodic CSI feedback can be further studied

Issue #6: 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: _Toc486578218]No consensus at present on detailed design for frequency parametrization for Type II CSI

Proposal 6:
· Study further frequency parametrization for Type II CSI

Issue #7: Need for additional codebooks or codebook details
Some companies bring proposals for introducing additional codebooks revising agreed codebook design:
· Samsung proposes to introduce Class B K=1 CB
· Some companies discusses 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

[bookmark: _Toc486578219]No consensus at present on need for additional codebooks or updated codebook details

Issue #8: Definition of Codebook subset restriction (CBSR)
Some companies discuss codebook subset restriction (CBSR). ZTE proposes that CBSR impacts the PMI payload size while E/// proposes that opposite. DCM proposes to study both beam-based and PMI-based CBSR for NR. For Type II, detailed CBSR configuration and associated UE behaviour to different PMI components are still open issues, which are not even been addressed in LTE.

Proposal 7: 
· Further study CBSR issue for Type I and Type II at least on the following aspects.
· Whether CSI overhead is adaptive to CBSR or not;
· Configuration details, e.g., beam based or PMI based, detailed signalling for Type II PMI components;
· Implication of CBSR on UE behaviour

Issue #9: Other issues
Some other issues that have been discussed in companies’ contributions are summarized below:
· LGE proposes to introduce a configurable size CQI-table to facilitate accurate CQI feedback for higher order modulation.
· Some companies (SS, DCM) discusses omitting reporting of CSI parameters for hybrid reporting
· E/// discusses CSI feedback for NC-JT in a contribution, further discussion ongoing in multi-TRP agenda item



Current list of Way Forwards
The following WFs has been distributed in this agenda item:
1. R1-1711942	WF on periodic CSI reporting on short PUCCH	Ericsson, …	
2. R1-1711786	WF on unifying wideband and partial band definitions	Ericsson, …	
3. R1-1711719 	Way forward on CSI in PUCCH 		ZTE, …
4. R1-1711720	WF on Type II CSI	ZTE, …

Conclusions
In this tdoc, we summarize companies views on CSI feedback, the following observations have been made:
Observation 1	All companies support P-CSI on short PUCCH, many companies support P-CSI also on long PUCCH
Observation 2	Diverse views on what physical channels carry SP-CSI
Observation 3	Some companies want single slot only reporting especially for short PUCCH, while some companies are okay with multi-slot reporting
Observation 4	Benefit and impact of immediate aperiodic CSI feedback can be further studied
Observation 5	No consensus at present on detailed design for frequency parametrization for Type II CSI
Observation 6	No consensus at present on need for additional codebooks or updated codebook details

Based on the companies’ views, we make the following proposals for possible agreements:
Proposal 1: 
· Periodic CSI reporting is carried at least on 
· Short PUCCH in a single-slot
· Long PUCCH
· FFS whether in single-slot only or in multiple slots
Proposal 2: 
· Study further whether semi-persistent CSI reporting is carried on PUCCH and/or PUSCH

Proposal 3: 
· 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 if some CSI components may be carried on PUCCH

(Tentative) Proposal 4:
· For aperiodic CSI reporting on PUSCH, UCI contents is split up in at least 2 parts for Type I and at least 2 parts for Type II, where each part is independently FEC-encoded, 
· Note: Payload of part n+1 is known based on decoding on part n and possibly part n – 1, …, 1
· FFS if one or more parts for Type II reporting is carried on PUCCH
(Tentative) Proposal 5: 
· For single-slot PUCCH CSI reporting, single packet encoding of all CSI parameters is supported
· Downselect between the following options to resolve payload ambiguity:
· Alt 1: PMI subsampling for some CRI/RI to make PMI payload the same for all CRI/RI
· Alt 2: Joint encoding of multiple CSI parameters
· Alt 3: Insert padding bits for the lower payload CRI/RIs
· A combination of the above alternatives is not precluded
Proposal 6:
· Study further frequency parametrization for Type II CSI
Proposal 7: 
· Further study CBSR issue for Type I and Type II at least on the following aspects.
· Whether CSI overhead is adaptive to CBSR or not;
· Configuration details, e.g., beam based or PMI based, detailed signalling for Type II PMI components;
· Implication of CBSR on UE behaviour
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