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This contribution is a summary of contributions [2]-[24] submitted under AI 8.3.1.2 (CSI feedback enhancements) and few contributions [26]-[27] submitted under AI 8.3.1.1 (HARQ feedback enhancement) which include some proposals related to UE feedback enhancement for more accurate link adaptation. The AI is related to the following objective of the revised work item on Enhanced IIoT and URLLC support for NR [1]:

	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 


Enhancements for faster CSI reporting
In this section, we provide summary of contributions related to the enhancements for faster CSI reporting.
A-CSI on PUCCH
Issue #1-1: Support aperiodic CSI report on PUCCH
· Yes: Huawei [2], Futurewei [3], NTT DCM [23], vivo [4], ZTE [5], CATT [10], NEC [11], CMCC [17], Spreadtrum [18], Panasonic [20], InterDigital [15], Intel [12]
· Trigger reporting based on traffic needs, 
· Less overhead than A-CSI on PUSCH in DL-dominant traffic
· Report useful for retransmissions and subsequent TBs
· No: Samsung [16], Sony [8]
· Small throughput gains as it does not benefit initial transmission
· Latency too high for URLLC
· Not useful in case of bursty interference
· Retransmissions are rare
· Specification impact, e.g. may require new field(s) in DCI
· Further study: Apple [21], Sharp [22], Lenovo [13]

Observation
The A-CSI on PUCCH has been discussed in previous releases and it is observed that majority companies support the 
A-CSI on PUCCH. However, there are still a few companies have concerns on the performance benefits of the A-CSI on PUCCH for the URLLC scenario. 


Issue #1-2: Triggering method of aperiodic CSI report on PUCCH
· Option-1: A-CSI is triggered by DL scheduling DCI
· Yes: Huawei [2], NTT DCM [23], vivo [4], ZTE [5], CATT [10], NEC [11], CMCC [17], Spreadtrum [18], Panasonic [20], InterDigital [15]
· Less overhead than UL-DCI in DL-dominant traffic
· No: Samsung [16], Intel [12], Sony [8]
· Specification impact, e.g. may require new field(s) in DCI
· Further study: Apple [21], Sharp [22], Lenovo [13]
· Option-2: A-CSI is triggered by group-common DCI 
· Yes: Intel [12] 
· Less DL signaling overhead
· No: Huawei [2], ZTE [5], NTT DCM [23], CATT [10]
· Packet arrival time varies between UEs
· Increase of blind decoding
· Further study: Sony [8]
· Consider overhead cost
· Option-3: A-CSI is triggered by NACK (without DCI)
· Yes: ZTE [5]
· May be useful for SPS PDSCH and sporadic traffic
· No: Sony [8]
· Not much benefit over soft combining (different RV’s)

Observation
The most of companies supporting A-CSI on PUCCH seems to also support DL DCI based triggering as it can avoid unnecessary PDCCH overhead in DL-dominant traffic cases.


Issue #1-3: Additional conditions for A-CSI reporting on PUCCH triggered by DL DCI
· Option-1: New field in DCI
· NTT DCM [23]
· Option-2: PDSCH is NACK
· Huawei [2]
· Option-3: DL DCI with high priority index
· InterDigital [15]
· Option-4 : Activation by MAC CE
· InterDigital [15]
Note: one or more of abovementioned options can be used together

Observation
Several contributions discussed details on how to trigger A-CSI on PUCCH actually, which include explicit indication in DL DCI and implicit trigger based on PDSCH decoding status or priority indicator in the assodicated DL DCI in order to reduce the DL and/or UL signaling overhead in the DCI. 
	
Issue #1-4: PUCCH resource determination for A-CSI on PUCCH
· Option-1: RRC
· Panasonic [20] 
· Option-2: MAC CE
· InterDigital [15]
· Option-3: Same as HARQ-ACK 
· OPPO [14], Spreadtrum [18] (under conditions), Panasonic [20], NTT DCM [23]
· Option-4: DCI field (e.g. PRI)
· NTT DCM [23], Panasonic [20]
· Option-5: CSI request field
· Panasonic [20]

Note: gray highlight here means that a company mentioned the proposal in the tdoc but not clearly indicate whether the company supports it or not

Observation
Several contributions discussed the options related to the PUCCH resource determination when A-CSI on PUCCH is supported. Similar to the Issue #1-3, this issue is also next level of details which can be discussed when the support of A-CSI on PUCCH is agreed.

Reduction of CSI computation time
Background
The minimum CSI computation time is larger than PDSCH processing time (e.g., PDSCH processing capability 2) in current specification. Therefore, even if A-CSI reporting is triggered in the symbol where a PDSCH is scheduled, a UE may report A-CSI later than the associated HARQ feedback (or HARQ feedback is delayed to be reported together with A-CSI) which may result in delayed retransmission scheduling.

Issue #1-5: Reduction of CSI computation time
· Yes: Futurewei [3], Ericsson [6], vivo [4], CATT [10], Lenovo [13], OPPO [14], CMCC [17], propose to study how to support reduction of CSI computation time
· To improve accuracy/timeliness of CSI report for URLLC
· To allow reporting of CSI at the same time as earliest possible transmission of HARQ-ACK or PUSCH based on PDSCH processing capability 2 (N1/N2)
· Proposals to ease CSI computation:
· Simplified CSI report: CATT [10], Lenovo [13]
· Partial report (e.g. based on previous RI/PMI): Ericsson [6], Vivo [4], OPPO [14]
· Simplified measurement from data reception status: OPPO [14]
· Only report sub-band CQI: CMCC [17]
· More capable UE: Ericsson [6], Futurewei [3]
· Reporting CQI’s for more than one table in a report: Intel [12]

Observations
The minimum required CSI computation time has been specified in section 5.4 of 38.214. Several companies observed that for a UE with PDSCH (PUSCH) processing capability 2, timeline requirement allows for reporting of HARQ-ACK (or transmission of PUSCH) earlier than for reporting A-CSI triggered from same DCI.

Priority of P/SP-CSI/[A-CSI] on PUCCH

Background
The P/SP-CSI on PUCCH has been considered as a lowest priority as compared with other CSI reporting types and no priority index associated with the CSI reporting configuration. Therefore, even if it is targeted for URLLC traffic link adaptation, it may be dropped if it collides with a higher priority CSI reporting (e.g., A-CSI reporting, SP-CSI on PUSCH) irrespective of whether the higher priority CSI reporting is targeted for eMBB or URLLC. 

Issue #1-6: Priority applicable to P/SP-CSI on PUCCH and (if supported) A-CSI on PUCCH
· Mediatek [9], Samsung [16], Intel [12], propose that P/SP-CSI on PUCCH can have priority index 1 in some cases
. Proposals for assignment of priority:
1. BLER target of the configured CQI table: Mediatek [9]
1. Semi-static configuration or activation: Intel [12]
· NTT DCM [23] and Panasonic [20] propose that A-CSI on PUCCH (if supported) can have priority index configurable, e.g. indicated from DCI
· NTT DCM [23] also proposes that priority used in clause 5.2.5 in 38.214 for A-CSI PUCCH is higher than for A-CSI on PUSCH
· FutureWei [3] proposes CSI reporting procedures with less CSI report dropping due to collision

Observations
Several companies propose to introduce an additional means to support priority configuration or determination of P/SP-CSI on PUCCH as well as A-CSI on PUCCH (if supported) so that dropping of those CSI reporting due to collision with a high priority CSI reporting targeting eMBB

Enhancements for more accurate CSI reporting
Enhancements for bursty interference conditions

Background
Several companies identified the following issues on the existing CSI report types for URLLC scheduling especially under bursty interference environment
· Channel/interference measurement resource configuration is not flexible enough
· Channel and interference should be measured at the same time always although only interference part is changed dynamically
· Wideband CQI is not accurate when a small number of RBs are scheduled
· Channel prediction is not accurate at the scheduler with existing CSI

Issue #2-1: introduce new CSI report type(s)
· Yes: Futurewei [3], Ericsson [6], Nokia [7], Intel [12] propose enhancements to provide additional or more relevant information to help scheduler select MCS for reliable transmission when interference is bursty
· Proposals
· Separate CSI reporting of signal information and interference information: Futurewei [3]
· Report interference statistics (e.g. minimum, maximum, stddev): Futurewei [3]
· Report CQI or SINR statistics (e.g. variance): Ericsson [6], Nokia [7]
· Explicit interference averaging: Intel [12]
· Filtered CSI reporting (e.g. report only when CQI changes): Intel [12]
· Report the CQI associated with the worst-M sub-bands: Nokia [7]

Observation
The necessity of a new CSI report type for better capturing interference characteristics is seen by several companies but the proposals are diverging at this point and more details are needed.

More accurate sub-band CQI feedback

Background
A few companies raised concern on the accuracy of the current subband CQI as 2-bit delta CQI used with quantization and the quantization error is relatively large, resulting in inaccurate subband CQI.

Issue #2-2: Need for enhancing accuracy of sub-band differential CQI feedback
· Yes: Huawei [2], Mediatek [9], CMCC [17] propose enhancements to improve accuracy of sub-band differential CQI feedback
· Proposals
· Sub-band CQI with no differential CQI (Huawei [2])
· New differential CQI tables (Mediatek [9])

Other enhancements
Enhancements to support OLLA with low BLER target

Background
An ACK/NACK based outer loop link adaptation has been used and it worked fine with eMBB use case since it has higher target BLER (). However, for URLLC, the ACK/NACK based OLLA performs poorly since NACK occurs very rarely as it targets much lower BLER () and it cannot track the channel/interference variation dynamically.

Issue #3-1: Need for additional information bundled to HARQ-ACK
· Yes: Ericsson [6], Oppo [14], ZTE [5], Nokia [7], Apple [26], Qualcomm [27] propose to bundle additional information to the HARQ-ACK report
· Proposals
· Decoding margin: Ericsson [6]
· Compressed CSI report: Oppo [14], ZTE [5]
· Estimated error probability, e.g. LLR: Nokia [7], Oppo [14]
· Recommended RV sequence: Apple [26]
· PDSCH decoding falure reason: Qualcomm [24][27]
· Per-TRP decoding result: Qualcomm [27]
· Preferred beam, subband, and/or component carrier info: Qualcomm [27]
· New Tx-Rx beam pair request: Qualcomm [24][27]
· Instantaneous MCS/CQI feedback: Qualcomm [27]

Note: Apple [26], Qualcomm [27] contributions submitted under AI 8.3.1.1

Observation
OLLA performance issue is seen by several companies and those companies see the benefit of additional information bundled with HARQ feedback for better OLLA performance.

Enhancements for URLLC in multi-TRP scenarios

Background
From Rel-16, the multi-TPR transmission (NCJT) has been supported but there is no CSI feedback design optimized for the multi-TRP transmission

Issue #3-2: Enhanced CSI reporting for multi-TRP scenarios
· Yes: Futurewei [3], Ericsson [6], propose CSI enhancements optimized for multi-TRP transmission schemes with high reliability 
· Proposals
· Joint CSI report for multi-TRP URLLC scenario: Ericsson [6]
· UE selecting whether a RS resource is for CM, IM, or muting: Futurewei [3]

The support of tailored CSI feedback design for multi-TRP transmission is proposed by two companies. Considering that multi-TRP enhancement is currently under Rel-17 FeMIMO WI, it is unclear whether this issue should be studied in the URLLC/IIoT WI.

Miscellaneous Enhancements 
[Proposals that do not fall into one of above categories]

Lenovo [13] proposal
Proposal 3: Consider enhancements for CSI report(s) transmission to increase its transmission possibility on one or more of the scheduled repetitions with PUSCH repetition Type B.

CMCC [17] proposal
Proposal 2: PUCCH enhancements should also be considered to ensure the more accurate CSI feedback.

Qualcomm [24] proposals
Proposal 2: Study dedicated CSI feedback for PDCCH to improve the reliability/scheduling efficiency of PDCCH. 
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