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Introduction
This contribution expresses our views on CSI feedback enhancements as part of the objectives of the related Work Item [1]: 
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
Potential CSI feedback enhancements for Rel-17 were discussed in RAN1 103e:
Agreements
· No change of CSI processing time relative to Rel-16 CSI in this WI
· CSI processing time specific to a new CSI reporting quantity/type (if supported) can be studied
Agreement:
· For Case-2 new reporting, continue studying with focus on the new reporting type based on PDSCH decoding for OLLA performance enhancement for initial and re-transmissions of PDSCH.
Agreements:
For Case-1 New reporting, the following candidate schemes have been identified to address the fast interference change over time. Continue studying with focus on the identified schemes below for further study and evaluation.
· Scheme 1a: New reporting quantity based on CQI/SINR statistics, e.g.,
· CQI/SINR statistics (e.g., mean, variance, etc.)
· CSI prediction
· Scheme 1b: New reporting quantity of interference statistics (e.g., mean, variance, interference covariance matrix, etc.)
· Scheme 1c: New reporting quantity based on modifying existing reporting format, e.g.,
· CQI reporting considering the worst subbands
· Subband CQI granularity enhancement
· [bookmark: _Hlk61887430]Scheme 1d: New reporting quantity related to CSI expiration time
· Scheme 1e: New reporting quantity with partial information update, e.g.,
· CSI reporting with interference update only
Companies are encouraged to investigate the above schemes, aiming for down-selection in RAN1#104-e
Discussion
In RAN1 102/103, it was mentioned by multiple companies that fast inter-cell interference variations (even from one slot to the next slot [2]) could cause gNB to select an MCS which is not achievable and hence, could lead to reliability issues for URLLC/IIoT operation ([2]-[4]). Using a materially conservative MCS back-off (e.g., using always low MCS indices, or using ‘x’ MCS indices lower than the one derived based on CSI report(s)) although could satisfy the reliability, might lead to spectral inefficiency.
In our view, multiple schemes proposed in the last meetings introduce new CSI report configuration/quantities (such as worst M sub-band CQI, PDSCH decoding margin) to help gNB choose an MCS that is associated with a less conservative MCS back-off.
CSI timing
A natural dimension to explore more accurate MCS selection is reducing CSI computation delay requirements in clause 5.4 of TS 38.214. In RAN1 102e meeting, some companies (mainly chipset vendors) mentioned that reducing CSI computation time to enhance the MCS accuracy via defining a more capable UE may not be feasible. In our view, with regard to CSI computation time, we suggest to focus on 
a) mechanisms that avoid delays in CSI report(s) (e.g. releasing CPUs to allow for CSI computation related to URLLC/IIoT operation or avoiding dropping CSI); 
b) mechanisms which simplify CSI reporting and hence may reduce CSI computation delay requirement.
Proposal 1: Improve CSI framework to minimize delaying/dropping CSI reports for URLLC/IIoT operation.
The issue related to transmission of CSI report(s) triggered by DCI on PUSCH repetition Type B was discussed in NR URLLC Rel-16. It has been agreed to transmit the CSI report(s) on the first nominal repetition when there is no UL-SCH and on the first actual repetition when there is UL-SCH also for transmission. This implies that the CSI report(s) would be expected to be ready at the beginning of first (actual/nominal) PUSCH repetition, otherwise the CSI report(s) when UL-SCH is present cannot be transmitted on one of the later repetitions. This would be an issue for achieving the required CSI timeline/latency if the complete CSI report(s) are not ready at the beginning of first  PUSCH repetition. Therefore, further enhancements should be considered for CSI report(s) transmission with PUSCH repetition Type B. One potential solution could be to allow partial CSI report transmission on each of the PUSCH transmissions occasions as they become available instead of waiting to complete the processing of entire CSI report. For example, if a CSI report is processed in a sequential manner and split up into multiple parts, then first earliest available CSI report part could be multiplexed in one of the earlier PUSCH transmission occasions and followed by remaining part(s) in the later PUSCH transmissions occasions with PUSCH repetition Type B.
Proposal 2: Based on CSI processing, consider splitting CSI report into multiple parts and multiplex the parts as they become available on the earliest PUSCH repetition occasion (satisfying the CSI multiplexing timeline) with PUSCH repetition Type B.
In the following, we share our views w.r.t. some of proposed CSI enhancement schemes including A-CSI on PUCCH, schemes 1a-1e for case-1 new reporting as well as case-2 new reporting. 
A-CSI on PUCCH
One popular item during RAN#86 discussions was enabling A-CSI trigger by a DL-DCI in addition to the existing CSI triggering via UL-DCI. We note such enhancement may be beneficial for reducing PDCCH blocking (especially in DL heavy traffic scenario), however, it is not clear to us if it leads to more accurate MCS selection compared to using existing A-CSI triggering via UL-DCI.
If A-CSI trigger by a DL-DCI is to be supported, one question to answer is whether the same PUCCH resource as used for HARQ-ACK transmission should be used. In our view, to answer this question, first we should answer whether/under what conditions the CSI computation delay requirements allow mapping of A-CSI on the PUCCH resource associated with the HARQ-ACK transmission (e.g., corresponding to small K1 values in unit of subslots). If this is not feasible, another PUCCH resource is needed for the A-CSI and some parameters of these two PUCCHs can be different (e.g., priority, timing, subslot length).
Case-1 New reporting
Scheme 1a: New reporting quantity based on CQI/SINR statistics
In some schemes of this category, the UE reports CQI/SINR mean and variance. Then gNB based on an assumed SINR distribution determines a less conservative (more accurate) MCS considering the tail of the distribution. Some aspects to consider are:
1. How to determine the CQI/SINR statistics (e.g., what is the time window size considered for computing and providing such statistics?)
2. How to quantize the statistics
3. How reliable an assumed SINR distribution is in a cell with small number of UEs having non-periodic traffic (may not be an issue for low resource utilization case as coarse/conservative MCS estimation may be sufficient)
Scheme 1b: New reporting quantity of interference statistics
Reporting interference statistics proposed in [3]-[5] (e.g., maximum interference in a window of time, or mean and/or standard deviation, or some percentile of interference samples) are suggested by some companies to assist gNB with choosing a less conservative MCS back-off. The high-level goal of these reporting schemes seems to indicate the tail of interference/SINR distribution (in essence similar to scheme 1a). In addition to the aspects to consider for scheme 1a, it would be good to also clarify whether/ how much additional reference resources (and whether CSI-IM or new measurement resources) needed to compute such reports.
Scheme 1c: New reporting quantity based on modifying existing reporting format
CQI indication of Worst ‘M’ Sub-bands
The scheme proposed in [4] indicates the CQI (differential CQI w.r.t. WB CQI) associated with the worst M sub-bands (‘M’ needs to be defined/signaled) on PUCCH without the need to report the indices of the M worst sub-bands. In our view, the scheme should be compared to sub-band CQI.
· The benefit: 
· compared to the sub-band CQI, it does not rely on UL DCI for triggering the CSI report.
· The drawback:
· Additional PUCCH payload which can be more pronounced if URLLC/IIoT packet arrival rate is low. 
· The specification impacts:
· Defining/signaling ‘M’ value (and sub-band size if different than existing sub-band sizes),
· Signaling to enable worst M sub-band CQI reporting
Scheme 1d: New reporting quantity related to CSI expiration time
[bookmark: _Hlk61908307]In this scheme, the UE indicates an expiration time or validity duration associated with a CSI report after which the CSI report becomes not applicable. The allowed  values of the expiration time may be configured for a CSI report e.g., depending on the channel/interference/traffic characteristics.
Scheme 1e: New reporting quantity with partial information update
Reporting Interference Measurement Only
It was proposed in [6] to report CSI based on up-to-date interference measurement and previous channel measurement to reduce CSI computation time. In our view, it would be good to check how much reporting interference only can reduce CSI computation delay (e.g., from CSI computation delay requirement 2 to CSI computation delay requirement 1).
Case-2 New reporting
To help gNB select a more accurate CSI, it has been suggested that the HARQ-ACK in response to a PDSCH transmission is accompanied with additional information obtained based on the PDSCH decoding. The additional information can be derived, for instance, according to (a) the estimated PDSCH decoding error probability, (b) the PDSCH decoding margin from a threshold, (c) CQI/MCS determined from the PDSCH decoding ([3], [4], [7]).
To further understand the implications of the proposed schemes, it would be good to clarify the following aspects: 
· [bookmark: _Hlk61839478]Whether the additional feedback is sent always (e.g., to control feedback overhead in different times or even if the additional feedback is not reliable enough)
· Whether the additional feedback is jointly encoded with HARQ-ACK or separately encoded
· Whether there is any expected impact on CPU and computation delay requirement due to the additional feedback 
Proposal 3: For case-2 new reporting, discuss
· Whether the additional feedback is always sent
· Whether the additional feedback is jointly encoded with HARQ-ACK or separately encoded
· Whether there is any expected impact on CPU and computation delay requirement due to the additional feedback 
 
Conclusions
This contribution provided our views regarding CSI feedback enhancements for URLLC as follows:
Proposal 1: Improve CSI framework to minimize delaying/dropping CSI reports for URLLC/IIoT operation.
Proposal 2: Based on CSI processing, consider splitting CSI report into multiple parts and multiplex the parts as they become available on the earliest PUSCH repetition occasion (satisfying the CSI multiplexing timeline) with PUSCH repetition Type B.
Proposal 3: For case-2 new reporting, discuss
· Whether the additional feedback is always sent
· Whether the additional feedback is jointly encoded with HARQ-ACK or separately encoded
· Whether there is any expected impact on CPU and computation delay requirement due to the additional feedback

Observation 1: Baseline for comparison, benefit, drawback, and specification impacts for some of the proposed CSI enhancements in the last RAN1 meetings are summarized below:  
	Scheme
	Baseline Scheme
	Benefit
	Drawback
	Minimum Specification Impact

	A-CSI on PUCCH
	A-CSI on PUSCH
	PDCCH overhead reduction in DL heavy scenario
	i. increased DCI size (trigger field & in case of PUCCH-HARQ & PUCCH-CSI: timing,…)
ii. HARQ-ACK delay maybe increased if one PUCCH is used to carry CSI&HARQ-ACK
 
	Additional PUCCH (PUCCH-CSI) triggered by DCI, 
a) PUCCH-CSI timing indication,
b) configuration of PUCCH-CSI, 
conditions for multiplexing HARQ-ACK & CSI in one PUCCH

	Scheme 1a/1b (CQI/SINR/Interference Statistics)
	P-CSI/SP-CSI, A-CSI on PUSCH
(when such statistics are collected at gNB)
	Help gNB to potentially choose a less conservative MCS back-off
	· Additional reference resource overhead
· Increased UCI payload

	a) New report quantity
b) New reference resource type?
c) Measurement window

	Scheme 1c
(Worst ‘M’ Sub-band CQI)
	(differential/not differential) Sub-band CQI
	UL DCI not needed
	Increased UCI payload
	a) Defining/signaling ‘M’
b) Signaling to enable worst M sub-band reporting

	Scheme 1d 
(CSI expiration time)
	P-CSI/SP-CSI, A-CSI on PUSCH
(when such statistics are collected at gNB)
	Help gNB to potentially choose a less conservative MCS back-off if CSI is not expired
	· Increased UCI payload
	a) CSI expiration time calculation method
b) Signaling to convey correlation threshold to UE
c) CSI expiration time reporting

	Scheme 1e
(Interference Measurement Only)
	P-CSI/SP-CSI, A-CSI on PUSCH
	“May” change CSI computation delay requirement 2 to CSI computation delay requirement 1
	
	a) New report quantity
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