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Introduction
The WI for URLLC/IIoT [1] defined the following objection on CSI feedback enhancements to allow for more accurate MCS selection:

	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 



In this contribution, we discuss the progress in RAN1 on this objective and provide our views on the way forward to finalize the work.
Discussion
Due to the wide scope of this WI objective, there were many proposals studied for CSI enhancements in RAN1. After several iterations of down-selection, RAN1 has narrowed down the scope to the following schemes (3 schemes under Case-1 and 1 scheme under Case-2) 
	Agreement: Focus study on the following for new reporting Case 1:
· Reporting of new metric, where new metric shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. 
· Downselect by RAN1#105 to at most a single method from the following options:
· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· CSI based on worst IMR occasion (FFS details)
· Interference standard deviation (FFS details)
· Worst-M CQI (FFS details)
· FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI).
· Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
· Applicable for same reporting quantity as R16 for CQI. 
· FFS: Whether network configured channel and interference measurement interval can also be applied
· FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
· FFS: how to report the updated CQI
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay

Agreements:
For new reporting Case 2, focus study on reporting of delta-CQI/MCS (Case 2-3):
· Note: this delta-CQI/MCS is determined based on UE implementation (for example, using SINR, LLR, raw BER, flipped bits, LDPC iterations, BLEP, # fail parity checks, etc.)
· Companies are encouraged to provide more details in their analysis
· FFS: Granularity of new report type (e.g. units of CQI or MCS, how many bits)
· FFS: Whether quantity reported is relative to the scheduled MCS



Below is a high-level description of the pros and cons of the proposed enhancements under Case-1:
	Proposed enhancement
	Pros
	Cons

	Statistical CQI
	- UL overhead reduction
	- gNB can already obtain this information using existing CQI reports
- System performance degradation (gNB will assume worst case channel conditions)
- Added UE complexity to average CSI

	Interference standard deviation
	
	

	Minimum CQI (in time and frequency)
	
	

	Increased granularity of subband CQI
	- More accurate CQI reporting
- Accurate MCS selection => better resource utilization
- Minimum spec/UE impact
	 - Small increase in overhead


	CQI-only update (with CSI processing time reduction)
	- Marginal performance improvement
	- Significant UE complexity increase

	CQI-only update (without CSI processing time reduction)
	- Small overhead reduction

	- System performance degradation



After several rounds of discussions in RAN1, the companies’ position based on contributions and feedback is as follows [2]:
	Proposed enhancement
	Support
	Concerns

	Statistical CQI
	(6): Ericsson, CMCC, Intel, Sony, Lenovo, Futurewei
	(13): Huawei, ZTE, Spreadtrum, CATT, Apple, Quectel, Samsung, LG, Nokia, Qualcomm, DOCOMO, vivo, MediaTek

	Interference standard deviation
	(2): Futurewei, Apple
	(15): Ericsson, Huawei, ZTE, Spreadtrum, CATT, Sony, Quectel, Samsung, Nokia, DOCOMO, Lenovo, Qualcomm, InterDigital, vivo, MediaTek

	Minimum CQI (in time and frequency)
	(9): ZTE, Spreadtrum, LG, InterDigital, Lenovo, Qualcomm, Quectel, Nokia, DOCOMO
	(11): Futurewei, Ericsson, CATT, Apple, Samsung, Sony, Huawei, OPPO, vivo, Intel, MediaTek

	Increased granularity of subband CQI
	(10): Huawei, MediaTek, Samsung, Sony, DOCOMO, Spreadtrum, OPPO, CATT, Quectel, Lenovo
	(5): Ericsson, Nokia, Intel, Apple, InterDigital

	CQI-only update (with CSI processing time reduction)
	(9): Huawei, Vivo, OPPO, Spreadtrum, DOCOMO, CATT, Quectel, LG, Lenovo
	(11): Nokia, Ericsson, Qualcomm, Samsung, Intel, Mediatek, Sony, ZTE, Intel, Apple, InterDigital

	CQI-only update (without CSI processing time reduction)
	(6) Huawei, Vivo, OPPO, Spreadtrum, DOCOMO, LG
	(13) Nokia, Ericsson, Qualcomm, Samsung, Intel, Mediatek, Sony, CATT, ZTE, Intel, Quectel, Apple, InterDigital



As it can be observed from the table above, there are three proposed enhancements that received a majority objection by the companies in RAN1; Statistical CQI, Interference standard deviation, and CQI-only update (without CSI processing time reduction). Hence, it is clear that these schemes shouldn’t be pursuit further in RAN1.
Observation 1: The following proposed enhancements have majority objection from companies based on RAN1 discussion;
1) Statistical CQI
2) Interference standard deviation
3) CQI-only update (if CSI processing time cannot be reduced)

In addition, it was shown in [3] that partial CSI update (without CSI processing time reduction) degrades the system performance. Based on the inputs from chip vendors in RAN1, significant CSI processing time reduction is not currently feasible. Also, it was demonstrated in [4] that even with significant (~66%) CSI processing time reduction, the system performance gain is negligible. Hence, it is not meaningful to further study the scheme of CQI-only update (with or without CSI processing time reduction).
Therefore, to facilitate the progress in RAN1, some of the proposed enhanced schemes can be deprioritized in RAN#92e plenary meeting by taking the technical merit of the schemes and the support/objections of the companies as highlighted above.
Proposal 1: RAN1 continue the discussion on CSI feedback enhancements for more accurate MCS selection, and the following proposed enhancements are not pursuit further in RAN1;
1) Statistical CQI
2) Interference standard deviation
3) CQI-only update (with or without CSI processing time reduction)

On soft-ACK reporting using delta-CQI/MCS (Case-2), there are the following issues;
· Necessity of OLLA enhancements: Soft-ACK reporting was proposed to enhance the operation of OLLA. However, with P/SP-CSI reporting the gNB will have up-to-date CQI reports that can be used for accurate MCS selection. Thus, there is no need for additional enhancements in OLLA.
· UE power consumption: If the delta-CQI/MCS sent only when NACK occurs, the feedback will rarely occur (e.g. ~1% of the time). However, it should be noted that for the 99% of the cases, there are delta-CQI/MCS computations are running in parallel with the PDSCH decoding process to prepare the delta-CQI/MCS report, yet the 99% of the delta-CQI/MCS reports will not be sent. This means there is a large amount of lost power consumption due to the unneeded 99% of delta-CQI/MCS reports computation.
· Impact to the latency and reliability: If the soft-ACK is reported with existing ACK/NACK, it will impact:
· The UE processing timeline and results in delay in reporting the ACK/NACK, which will impact the overall latency. It should be noted that there is big time difference between the PDSCH processing time and the CSI computation delay/time, hence in order to multiplex the two reports (i.e. delta-CQI/MCS and HARQ) to be sent together, the HARQ-ACK should be delayed until the delta-CQI/MCS computation is completed.
· The HARQ-ACK feedback reliability due to the increase in the HARQ codebook size.
· An ambiguity of the HARQ codebook size if the delta-CQI/MCS is conditional (i.e. sent only when NACK occurs or only when ACK occurs)

Observation 2: Soft-ACK reporting using delta-CQI/MCS (Case-2) impacts the HARQ-ACK latency and reliability, and it causes an increase in the UE power consumption.
Conclusion
In this contribution, we discussed the progress in RAN1 on the CSI enhancement objective in URLLC/IIoT WI, and we have the following observation and proposal.
Observation 1: The following proposed enhancements have majority objection from companies based on RAN1 discussion;
1) Statistical CQI
2) Interference standard deviation
3) CQI-only update (if CSI processing time cannot be reduced)

Observation 2: Soft-ACK reporting using delta-CQI/MCS (Case-2) impacts the HARQ-ACK latency and reliability, and it causes an increase in the UE power consumption.

Proposal 1: RAN1 continue the discussion on CSI feedback enhancements for more accurate MCS selection, and the following proposed enhancements are not pursuit further in RAN1;
1) Statistical CQI
2) Interference standard deviation
3) CQI-only update (with or without CSI processing time reduction)
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