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Introduction
In RAN1#89-AH2, the following agreements were made with regards to CSI reporting:
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 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
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. Define scope and content of semi-persistent reporting and what physical channel carries it (i.e. PUCCH and/or PUSCH)
2. Decide if non-self-contained (i.e. multi-slot) PUCCH is supported
3. Specify how CSI parameters are encoded in UCI for the different physical channels
4. Decide if additional aperiodic reporting mode for fast CSI feedback carried on PUCCH is needed
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. Definition of codebook subset restriction (CBSR)
10. 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.

A WF [WF#1] from Samsung jointly discusses issues 1-3.

Define scope and content of semi-persistent reporting and what physical channel carries it (i.e. PUCCH and/or PUSCH)
The following company views have been observed regarding what physical channel carry semi-persistent reporting:
· Carried on PUCCH: LGE, QC, SS, HW
· 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 if non-self-contained (i.e. multi-slot) PUCCH is supported

Singe-slot PUCCH reporting has been agreed. Regarding supporting multi-slot PUCCH, the supporting companies are as follows:
· Single-slot only:  LGE, E///, SS, CATT, QC
· Multi-slot possible: HW, ZTE

According to above, majority of companies seems to support single-slot PUCCH only, while 2 companies support also introducing multi-slot.

[bookmark: _Toc491340054]No consensus on introducing multi-slot PUCCH reporting

Proposal 2:
· Multi-slot CSI reporting on PUCCH is not supported in Rel. 15

Specify how CSI parameters are encoded in UCI for different physical channels and reporting content
SS, E///, HW 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, especially for short PUCCH.

For Type II CSI
· DCM proposes split PUCCH / PUSCH reporting where PUCCH report contains RI and RPI and sets payload of PUSCH.
· Split CSI payload in 2 segments: Intel, SS
· Split CSI payload in 3 segments: E///
· Some companies propose separately encoding a payload size indicator together with RI: HW, LGE

Another issue is how to encode Type I CSI parameters on (short) PUCCH, to resolve payload ambiguity due to RI-dependent PMI/CQI.
Fort Type I reporting on PUCCH:
· Single-packet encoding of CRI/RI/PMI/CQI: QC, SS, E///, MTK, HW
· [bookmark: _GoBack]Separate encoding of RI and some other CSI parameters: Intel, CATT, ZTE, LGE

For Type II CSI, there are some diverse views on how to solve payload ambiguity, which could require further discussion. However, it seems at least to parts with separate FEC-encoding is needed. For Type I reporting on PUCCH, the two alternatives have approximately equal support, further study is needed.
Based on this, we propose:
Proposal 3:
· For aperiodic CSI reporting on PUSCH, UCI contents is split up in at least 2 parts for both Type I and 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 detailed encoding of Type II CSI taking into account varying payload
Proposal 4: 
· For single-slot short PUCCH CSI reporting, downselect between the following:
· Alt 1: Separate encoding of CRI/RI and PMI/CQI
· Alt 2: Single-packet encoding of CRI/RI/PMI/CQI
· 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

 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. Some further discussion has taken place on the RAN1 reflector regarding a draft WF [WF #2].

ZTE and MediaTek discuss sub-band report mechanism for Type II CSI in contributions and WF [WF#8].


Decide if additional aperiodic reporting mode for fast CSI feedback carried on short PUCCH is needed
Some companies are proposing to support that aperiodic CSI reports can be carried on short PUCCH in order to facilitate immediate CSI feedback., while other companies want PUSCH reporting only.

Aperiodic on PUSCH only: E///, SS, [CATT],
Aperiodic on PUCCH: HW, LGE, QC, 

[bookmark: _Toc491340055]Diverging views on if aperiodic CSI on PUCCH is needed

Proposal 5:
· Benefit and impact of immediate aperiodic CSI feedback can be further studied

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: _Toc491340056]No consensus at present on detailed design for frequency parametrization for Type II CSI

Proposal 6:
· Study further 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.
The [WF#4] from LGE can be a good starting point for discussion.

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
· Ericsson proposes extension of multi-panel codebook to support 2 ports per panel
· Samsung and Ericsson proposes 

[bookmark: _Toc491340057]Varied proposals on codebook enhancements

Way forwards [WF#3], [WF#5], [WF#6] on remaining codebook issues can be discussed.

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. LGE, Intel & Ericsson proposes that beam based CBSR is introduced for both Type I and Type II.
[WF#7] from Intel can be a good starting point for discussion.


 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



Current list of Way Forwards
The following WFs has been distributed in this agenda item:
1. R1-1714918	WF on CSI Format Design	Samsung,…
2. R1-1715045	WF on defining frequency-granularities for CSI reporting and CSI-RS	Ericsson, …	
3. R1-1714906 	WF on multi-panel codebook extension	Ericsson,…
4. R1-1715165	WF on CSI feedback for NCJT	LGE,…
5. R1-171nnnn	WF on Reduced PMI Payload in Type II Codebook	Nokia,…
6. R1-171nnnn	WF on Beam Reporting for Type II CSI	Ericsson,…
7. R1-171nnnn	WF on codebook subset restriction for NR		Intel,…
8. R1-1714908	Way forward on SB reporting for Type II CSI	ZTE
Conclusions
In this tdoc, we summarize companies views on CSI feedback, the following observations have been made:
Observation 1	No consensus on introducing multi-slot PUCCH reporting
Observation 2	Diverging views on if aperiodic CSI on PUCCH is needed
Observation 3	No consensus at present on detailed design for frequency parametrization for Type II CSI
Observation 4	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
· FFS what type of CSI is carried on each physical channel, triggering mechanism and relationship to periodicity of CSI-RS
Proposal 2:
· Multi-slot CSI reporting on PUCCH is not supported in Rel. 15
Proposal 3:
· For aperiodic CSI reporting on PUSCH, UCI contents is split up in at least 2 parts for both Type I and 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 detailed encoding of Type II CSI taking into account varying payload
Proposal 4: 
· For single-slot short PUCCH CSI reporting, downselect between the following:
· Alt 1: Separate encoding of CRI/RI and PMI/CQI
· Alt 2: Single-packet encoding of CRI/RI/PMI/CQI
· 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
Proposal 5:
· Benefit and impact of immediate aperiodic CSI feedback can be further studied
Proposal 6:
· Study further frequency parametrization for Type II CSI

[bookmark: _In-sequence_SDU_delivery]References
R1-1712295 Overhead reduction for Type II CSI	ZTE
R1-1712296 CSI feedback mechanism on PUSCH	ZTE
R1-1712317 CSI feedback mechanism on PUCCH	ZTE
R1-1712372 Consideration on semi-open-loop CSI enhancement	CATT
R1-1712373 Consideration on hybrid CSI	CATT
R1-1712374 Discussion on CSI feedback mechanism	CATT
R1-1712375 Discussion on CSI feedback for multi-TRP transmission	CATT
R1-1712546 Discussion on codebook subset restriction for NR	Intel Corporation
R1-1712547 On Type I and Type II CSI reporting	Intel Corporation
R1-1712548 On CSI feedback for open-loop and semi-open-loop	Intel Corporation
R1-1712711 CSI Reporting for supporting semi open loop and Closed loop MIMO Switching	AT&T
R1-1713049 Discussion on CSI feedback for open/semi-open loop transmission	Spreadtrum Communicatons
R1-1713055 Multi panel CSI feedback	Spreadtrum Communications
R1-1713144 Discussion on overhead reduction for Type II codebook	LG Electronics
R1-1713145 Discussions on CSI reporting contents	LG Electronics
R1-1713146 CSI feedback for OL and semi-OL MIMO	LG Electronics
R1-1713147 UL channel utilization for CSI reporting	LG Electronics
R1-1713396 On Type I and Type II CSI reporting	Qualcomm Incorporated
R1-1713397 On Type-I and Type-II CSI parameters encoding	Qualcomm Incorporated
R1-1713398 On CSI feedback for open- or semi-open-loop transmission	Qualcomm Incorporated
R1-1713589 CSI Reporting and UCI Multiplexing	Samsung
R1-1713590 Remaining details of Type I and Type II CSI codebooks	Samsung
R1-1713591 Differential reporting of Type II CSI	Samsung
R1-1713592 On higher rank (3 and 4) Type II CSI	Samsung
R1-1713593 Discussions on CSI measurements and reporting for NR	Samsung
R1-1713693 UCI design for CSI reporting	MediaTek Inc.
R1-1713759 Full reciprocity based CSI acquisition mechanism	Huawei, HiSilicon
R1-1713760 CSI acquisition details for NCJT	Huawei, HiSilicon
R1-1713761 CSI acquisition details for hybrid CSI	Huawei, HiSilicon
R1-1713762 Details of CSI reporting on PUCCH/PUSCH	Huawei, HiSilicon
R1-1713763 CSI feedback for Type I codebook	Huawei, HiSilicon
R1-1713764 CSI feedback for Type II codebook	Huawei, HiSilicon
R1-1713776 Codebook subset restriction	Huawei, HiSilicon
R1-1713914 CSI Feedback Design for NR MIMO	NTT DOCOMO, INC.
R1-1713915 Feedback design for NR CSI Type I	NTT DOCOMO, INC.
R1-1713916 Feedback design for NR CSI Type II	NTT DOCOMO, INC.
R1-1714217 Discussion on higher rank Type II codebook and feedback overhead reduction	Motorola Mobility, Lenovo
R1-1714246	Feedback transmission of type II codebook	Nokia, Nokia Shanghai Bell
R1-1714247	Codebook subset restriction configuration for type II codebook	Nokia, Nokia Shanghai Bell
R1-1714282 CSI feedback and Transparent PDSCH TxD	Ericsson
R1-1714283 On codebook subset restriction	Ericsson
R1-1714284 Type I/II CSI report	Ericsson
R1-1714285 Encoding and mapping of CSI parameters	Ericsson
R1-1714286 CSI feedback for multi-TRP	Ericsson
R1-1714287 On partial bands and CSI acquistion	Ericsson
R1-1714288 On semi-persistent CSI reporting on PUSCH	Ericsson
R1-1714289 On multi-panel codebook extension	Ericsson
R1-1714338 Partial reciprocity based CSI acquisition mechanism	Huawei, HiSilicon
R1-1714339 CSI acqusition for DL robust transmission	Huawei, HiSilicon
R1-1714341 Remaining issues for multiple-panel codebook	Huawei, HiSilicon
R1-1714342 Category 2 codebook design for type II codebook	Huawei, HiSilicon
R1-1714343 Codebook design for beamformed CSI-RS	Huawei, HiSilicon
	5/9	
