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[bookmark: _Ref513464071]Introduction
The work item on Enhanced IIoT and URLLC support for NR [1] has an objective on studying, identifying and specifying CSI feedback enhancements to allow for more accurate MCS selection. 
In RAN1#106-e, RAN1 agreed to support 4-bits CQI for subband CQI reporting. RAN1 further agreed that RRC can configure use of legacy 2-bits D-CQI or 4-bits CQI for each CSI report configuration.
This contribution discusses some of remaining issues with 4-bits CQI for subband CQI reporting. It proposes that wideband CQI is not included in a subband CQI report with 4-bits CQI and that 4-bits CQI applies to all subbands configured within csi-ReportingBand. 
Possible optimizations for 4-bits CQI
[bookmark: _Hlk68627520]Inclusion of wideband CQI
In R15, when subband CQI reporting is configured, wideband CQI is also reported and serves as reference for the 2-bits differential values. When 4-bits (non-differential) subband CQI reporting is configured there is no need for a reference value. Accordingly, it has been proposed that the wideband CQI be not included or re-interpreted when 4-bits subband CQI reporting is configured to reduce increase of overhead. 
During RAN1#106-e, some concerns were raised about not including the wideband CQI report. One concern is that wideband CQI conditioned on wideband PMI cannot be inferred from subband CQI conditioned on subband PMI. However, in our understanding when subband PMI is configured, wideband CQI is anyway conditioned on the subband PMI and not on a wideband PMI. Another possible concern is that in case the UE is configured to report for a subset of subbands only (by csi-ReportingBand) there would be no information available for the remaining subbands. However, the wideband CQI is anyway also reported for the CSI reporting band only.
One possible drawback of not including the wideband CQI is that in case a portion of the Part 2 CSI is omitted (as per e.g. section 5.2.3 of 38.214), no CQI information at all may be available for some CSI reports whereas wideband CQI would otherwise likely be transmitted since it is part of the highest priority group of Part 2 CSI. However, this could be considered as a corner case since Part 2 CSI contains CQI for a second codeword only, which involves RI>4 and is not typical of URLLC scenario.
Considering the above, it seems that the only reasons to transmit wideband CQI with subband 4-bits CQI would to avoid the need for extra calculation at the gNB (if it needs the wideband CQI) and maximize commonality with 2-bits subband CQI design. The extra 4 bits overhead of sending wideband CQI may be small but still represent a significant fraction of overhead when the number of subbands is small. Because of this, our preference would be to not include the wideband CQI in the report.
Proposal 1: When 4-bits subband CQI is configured, the UE does not include wideband CQI in the report.
Utilizing 4-bits CQI on a subset of subbands
Another possible way to reduce increase of overhead is to utilize 4-bits CQI only for a subset of the subbands. In scenarios for which the network can predict semi-statically for which subbands it is necessary to configure 4-bits subband CQI, one potential way to achieve this is by network implementation is to configure separate CSI-ReportConfig for 2-bits subband CQI and 4-bits subband CQI, each configured with different subbands within csi-ReportingBand. Otherwise, the CQI format would need to be modified to include an indication of which subbands utilize 4-bits CQI and the number of such subbands would need to be fixed to keep the total number of bits constant. Overall, the benefit in terms of overhead may not be significant when taking into account the additional subband indication and it is also difficult to guarantee that 4-bits CQI would only be needed for a limited number of subbands. 
Proposal 2: When 4-bits subband CQI is configured, it applies to all subbands selected within csi-ReportingBand. 
Other enhancements
Mapping of out-of-range value
In [3] it is proposed to support mechanisms of extending SINR range of legacy CQI tables to further lower and higher values. The justification is that in URLLC scenarios, extreme or tail SINR values may be more likely to be experienced compared to scenarios with generic traffic. For example, proposed enhancements could be to map the lowest value to some effective SINR or SE, add additional bits to CQI report or re-interpret the wideband CQI when included in a 4-bits subband CQI report.
While it is true that extreme values are more likely to occur in URLLC, re-mapping the CQI table does not appear necessary to enable the network to predict the tail values. As shown in [4], by collecting multiple 4-bits subband CQI report using existing mapping and estimating mean and variance of the distribution from the reports the network can get a decent estimate of the worst-case CQI and improve the percentage of satisfied URLLC UEs. In addition, re-mapping the out-of-range value of the CQI table would have impact on RAN4 requirements and should be avoided unless shown to provide significant benefit.
Proposal 3: No change to mapping of CQI tables.
Conclusion.
This contribution proposed the following:
Proposal 1: When 4-bits subband CQI is configured, the UE does not include wideband CQI in the report.
Proposal 2: When 4-bits subband CQI is configured, it applies to all subbands selected within csi-ReportingBand. 
Proposal 3: No change to mapping of CQI tables.
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Appendix
RAN1#106-e
Agreement
For subband CQI reporting with more than 2 bits per subband
· Support 4-bits CQI only

R1-2108449	Feature lead summary #3 on CSI feedback enhancements for enhanced URLLC/IIoT	Moderator (InterDigital)

Agreement
For subband CQI reporting in Rel-17, RRC can configure use of legacy 2-bits D-CQI or 4-bits CQI for each CSI report configuration.
· This feature is subject to UE capability
· FFS: Whether wideband CQI report can be omitted

R1-2108450	Feature lead summary #4 on CSI feedback enhancements for enhanced URLLC/IIoT	Moderator (InterDigital)

Conclusion
There is no consensus in RAN1 on the support of delta-MCS in Rel-17.

RAN#92-e
· Revised Recommendation1: Provide the following RAN guidance on CSI feedback enhancement [RAN1]
· Focus subsequent working group discussions on the schemes proposed in RP-211297.
· Details (e.g. how to calculate delta-MCS) are up to further working group discussions.
RAN1#105-e
R1-2105975

[bookmark: _Hlk72993375]Proposal:
RAN1 to further investigate the following for CSI enhancements for IIoT/URLLC:
· Increasing granularity of subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Reporting of delta-MCS:
· Report consists of delta-MCS for a TB received with MCS index IMCS:
· delta-MCS is calculated from the difference between IMCS_tgt and IMCS, where IMCS_tgt is largest MCS index such that estimated BLER of the for a TB received with this MCS index would be smaller than or equal to a BLER target, and IMCS is the MCS index of the received TB.
· Estimated BLER for a TB is the largest error probability estimate of a code block within a TB.
· FFS: whether to apply additional offset to delta-MCS (i.e. delta-MCS = IMCS_tgt – IMCS - offset)
· FFS: whether TB size for determining IMCS_tgt is TB size of received TB or other TB size
· FFS: How UE determines BLER target (e.g. explicitly indicated by network or linked to a CQI table)
· FFS: Number of bits and quantization for delta-MCS report
· FFS: whether delta-MCS is reported (Option 1) jointly with HARQ-ACK codebook or (Option 2) separately from HARQ-ACK codebook.
Supported by: SONY, MediaTek, OPPO, Spreadtrum, HiSilicon, CATT, InterDigital, Ericsson, Quectel, DoCoMo, Samsung, Motorola Mobility, LG, ZTE, vivo, Fujitsu, Qualcomm
Objected by: Nokia, Futurewei

Agreements from RAN1#104b-e
Conclusion:
For new reporting Case 1, do not consider further the following schemes:
· Case 1-2: CSI prediction
· Case 1-4: Interference covariance matrix
· Case 1-9: Reference wideband CQI excludes worst sub-bands
· Case 1-10: CSI expiration time

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

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
Final summary in R1-2103956

Agreements from RAN1#104-e
R1-2101811
Conclusion: Continue evaluation of new reporting Case 1 and Case 2 for the schemes identified in Appendix B of R1-2102131. 
· Companies are encouraged to provide their views on each scheme against each criterion in respective Tables in Appendix B. 
· Companies are encouraged to provide additional evaluation results for as many schemes as possible, based on assumptions agreed in RAN1#102-e.
· Aim for down-selection at RAN1#104-b-e by taking into account evaluation results and assessment against criteria from Appendix B.

Agreements from RAN1#103-e
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
· 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

Email summary in R1-2009775

Agreements from RAN1#102-e
Agreement:
· CSI feedback enhancement for Multi-TRP transmission is not to be discussed further under IIoT/URLLC enhancement WI
Agreements:
· Baseline assumptions are used as the required minimum to be simulated for the evaluation of candidate CSI enhancement schemes
· Reuse the assumptions in TR 38.824 and TR 38.901 as a starting point
· Companies shall report additional parameters (e.g., CSI measurement settings, CSI reporting schemes) used in their evaluation
· FFS details of baseline assumptions
· Companies can bring additional simulation results with other set(s) of assumptions

Agreements:
· Study/evaluate further on following CSI enhancement schemes in terms of technical benefit, specification and implementation impacts.
· New triggering methods for A-CSI and/or SRS
· New reporting based on one or more of the following:
· Case 1: channel/interference measurement for new CSI reporting, considering aspects such as one or more of the following:
· Reporting more accurate interference characteristics
· Reduced CSI feedback overhead (e.g., reporting interference measurement only)
· Enhanced CSI reporting such as WB/SB CQI
· Case 2: other measurement (other than channel/interference) for additional information
· E.g., PDCCH/PDSCH decoding, recommended HARQ RV sequence, etc.
· It targets to help gNB scheduler for better link adaptation of (re)transmission 
· [Reduced CSI computation time/complexity]
· [CSI feedback for PDCCH]  
· Other CSI enhancement schemes that enable accurate MCS selection are not precluded
· Detailed assumptions of the proposed CSI enhancement schemes should be provided by the proponent, such as
· Reporting values
· Triggering conditions for the reporting
· Associated measurement resource
· Uplink resource to be used for the reporting
· How to use the reported information at the gNB scheduler
· CSI-RS overhead and CSI reporting frequency 
· CSI reporting latency/timeline
· Etc.

Agreements:
· Consider Table 1 as baseline assumption for system level simulation for evaluating CSI enhancement schemes 
· The uses cases in Table 1 is for simulation purposes and it does not preclude a CSI enhancement scheme which is beneficial for the other URLLC use cases
· No baseline assumption is used for link level simulation 
· Companies are encouraged to use one of LLS assumption tables in Section A.3 in TR38.824 for any link level simulation

Table 1. Baseline SLS assumption for CSI enhancement schemes in URLLC/IIoT
	Parameters
	Values

	Performance metric
	Option-1 (section 5.1 of TR 38.824)

Additional metrics (it is up to company to bring results with additional metric):
· MCS prediction error (e.g., difference of a scheduled MCS and an ideal MCS)
· DL/UL signaling overhead
· CCDF of latency samples from all UEs
· BLER of 1st transmission
· Resource utilization
· Spectral efficiency

	Use cases
	Following two use cases can be considered for new triggering method and new reporting. Companies are encouraged to evaluate the following cases in descending priority:
· Rel-15 enabled use case (e.g. AR/VR) in TR 38.824 
· Reliability: 99.999
· Latency: 4ms (200bytes)
· Traffic mode: FTP model 3 (100p/s)
· Factory automation in TR 38.824 
· Reliability: 99.9999
· Latency: 1ms (32bytes)
· Traffic mode: Periodic deterministic traffic model with arrival interval 2ms
· Rel-15 enabled use case (e.g. AR/VR) in TR 38.824 
· Reliability: 99.999
· Latency: 1ms (32bytes)
· Traffic mode: FTP model 3 (100p/s)
· Assumptions for eMBB and URLLC UEs sharing the same carrier is used (as in A2.5 of TR 38.824)

	Simulation assumptions
	Following simulation assumption is used based on the use case selected:
· Rel-15 enabled use case with UMa (Table A.2.4-1 in TR 38.824)
· Factory automation at 4GHz (Table A.2.2-1 in TR38.824) with following update: 
· Channel model is replaced with InF (InF-DH) in TR 38.901 
· Companies can bring results with other InF scenarios additionally
· Layout is replaced with BS deployment in Table 7.8-7 in TR 38.901

	Transmission scheme
	Multiple antenna ports Tx scheme
· Companies report the details of Tx scheme used



Additional simulation assumptions for this contribution
	Parameters
	Value

	Layout
	R15 AR/VR use case- Single layer (Macro) 
Factory automation - Indoor Factory (InF-DH)

	Carrier frequency
	4 GHz

	System bandwidth 
	20 MHz

	Channel model
	3D Uma and InF 

	Bs Tx power
	49 dBm for Outdoor UMa
24 dBm for Indoor factory 

	Subcarrier spacing
	30 kHz

	Antenna configuration
	4 x 4
32 antenna elements at the gNB
4 antenna elements at the UE

	User distribution
	R15 AR/VR use case - 80% indoor, 20% outdoor, 10 UEs per cell for UMa
Factory automation - 15 UEs per cell for Indoor factory

	Scheduler
	Time-domain PF SU-MIMO

	Traffic model
	R15 AR/VR use case - FTP Model 3 (Poisson arrival with packet arrival of 100p/s) and packet size of 200 bytes.
Factory automation – Periodic deterministic with 2ms interarrival (500p/s) and packet size of 32 bytes

	HARQ/repetition
	Adaptive HARQ retransmissions.
Maximum 2 HARQ transmissions including retransmission.

	Channel Estimation
	Realistic

	UE receiver
	MMSE-IRC

	CQI Table
	CQI Table 3




