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Introduction
A new Rel.17 work item on URLLC/IIoT enhancements was approved in [1]. One of the potential enhancements to Rel.16 operation is the physical layer feedback enhancement, including CSI feedback enhancement:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
a. UE feedback enhancements for HARQ-ACK [RAN1]
b. CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
· Note: DMRS-based CSI feedback is not in scope of this WI


In RAN1#102-e and RAN1#103-e meeting a progress was made in identifying a set of potential enhancements to be further discussed along this WI. In RAN#90-e, the progress on CSI was discussed, and the following recommendation was endorsed in [2]:
	Proposed RAN conclusion on IIoT scope: 
…
· For the UE CSI/HARQ-ACK feedback enhancements in the IIoT/URLLC WI, RAN1 work to continue the discussions. Status to be checked in March if any RAN level guidance needed.
· RAN1 to continue discussion on A-CSI on PUCCH, whether to specify or not.


Further in RAN1#104-e, the following conclusion was made:
	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.


After RAN1#104-e, additional email discussion was organized collecting detailed views on the schemes [104-e-NR-R17-IIoT_URLLC-02-AddDisc]. In RAN1#104bis-e, further agreements and conclusions were made.
In this contribution, additional discussion on CSI feedback enhancements is provided. Our views on other URLLC-related aspect could be found in [5]-[7].
[bookmark: _Ref61877166][bookmark: _Ref31644251]Performance Comparison of Techniques
In this section, we analyse high-level classification of techniques by system-level evaluation motivated by the agreed assumptions.
In this meeting, we continue focusing on the Scenario 2 for evaluation, which is the Indoor Factory scenario. Note, that Scenario 1 (Rel-15 enabled use case UMa), and Scenario 3 (eMBB-URLLC mix) could be found in our previous tdocs [3] and [4] respectively.
The Scenario 2 (Indoor Factory) was chosen due to tight latency constraints, which in FR1 do not allow to perform HARQ retransmissions, thus the accuracy of the CSI for the initial transmission becomes very important. It could also be observed that due to possibility of HARQ retransmissions in Scenario 1, there is no noticeable performance difference among CSI schemes since HARQ retransmission restores any inaccuracies very efficiently.

Observation 1
· Scenarios with single-shot PDSCH transmission are expected to show more noticeable impact from application of different CSI enhancement schemes

The following evaluation cases are considered:
· Baseline / R16. SP-CSI with 5 slots period.
· Enhanced SB/WB CSI. This evaluation case represents the proposal of enhanced signalling for SB CQI which is currently only possible by 2-bit offset from the WB CQI. The modelled enhancement simply removes the signalling restriction allowing full SB CQI reporting.
· Statistical CSI. In this evaluation case, a UE reports mean and standard deviation effective SINR to gNB measured over 40 occasions, and gNB selects the MCS using target BLER, mean and a backoff to the mean as a scale of standard deviation.
· Maximum interference. In this evaluation case, the minimum measurement on a sub-band over the measurements in a 40 measurement occasions window is applied. This option is evaluated using different assumptions on signalling: without enhanced sub-band CQI granularity, with enhanced sub-band CQI granularity, with UE side filtering and reporting.
· Delta MCS/CQI reporting. In this evaluation case, it is assumed that together with ACK or NACK, the MCS that would hit the BLER target (1e-5 in our simulation) in the condition of the effective SINR during PDSCH demodulation is reported to gNB. Then, this MCS is used to adjust OLLA same way as it is done for EP OLLA in [8]. Since there is no time for retransmission, the approach of using this MCS directly for retransmission is not modelled.
Furthermore, the above schemes are evaluated in two different interference measurement configurations:
· Configuration 1: interference measurement resources are configured to capture instantaneous interference from neighbouring cells, i.e. reflecting actual loading.
· Configuration 2: interference measurement resources are configured to capture full interference from neighbouring cells, i.e. reflecting full loading.
Other assumptions are summarized in Table 2 of the appendix section.
In Figure 1, the baseline CSI is compared to other schemes with single-shot scheduling targeting 1e-5 BLER. Table 1 captures the resource utilization percentage for the modelled schemes.
[image: ] [image: ]
[bookmark: _Ref47740803]Figure 1. CDF of packet error rate per UE for IMR configuration 1 (left) and configuration 2 (right).
[bookmark: _Ref71699400]Table 1. Resource utilization (%) for different schemes
	
	Baseline
	Enhanced SB CQI
	Maximum interference + enhanced SB CQI
	Maximum interference + legacy SB CQI
	Maximum interference + UE-side filtering
	Delta MCS report with OLLA
	Stat CSI + enhanced SB CQI
	Stat CSI + legacy SB CQI
	Stat CSI + UE-side filtering 

	Resource utilization for configuration 1
	6.29
	6.30
	6.64
	6.29
	6.35
	6.39
	-
	-
	6.29

	Resource utilization for configuration 2
	23.63
	23.94
	60.41
	46.36
	35.95
	27.39
	57.90
	49.75
	30.48




Observation 2
· In Scenario 2 (Indoor Factory), at 1e-5 packet error rate target, the following schemes outperform the baseline under the IMR configuration capturing the actual interference load
· Maximum interference CSI with legacy SB CQI reporting or UE side filtering by ~2% more satisfied UEs
· In Scenario 2 (Indoor Factory), at 1e-5 packet error rate target, the following schemes outperform the baseline under the IMR configuration capturing full interference load
· Maximum interference CSI with legacy SB CQI reporting or UE side filtering by ~25% more satisfied UEs
· Statistical CSI by 20-23% more satisfied UEs
· In Scenario 2 (Indoor Factory), under the IMR configuration capturing full interference load assumption, the schemes with UE-side calculation and reporting of the channel/interference statistics outperform the legacy and enhanced CQI reporting granularity with calculation at gNB side

Discussion on the Identified List of Enhancements
In RAN1#102-e and #103-e, a list of enhancements to be further discussed along this WI was identified. In RAN1#104 and #104bis-e, the discussion continued, and some down selection happened. We update the considerations on Case-1 and Case-2 reporting schemes based on the progress in the following sub-sections.
Case-1 new reporting
The following cases were identified in RAN1#10b-e meeting with respect to new CSI reporting:
	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

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).
· [bookmark: _Hlk71672947]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: whether the CQI processing time can be reduced compared to Rel-16 CSI processing delay



With respect to Case-1, we continue supporting this direction since we believe this may be the most promising group of enhancements directly solving the accuracy problem by taking into account interference variations. Among them, the following enhancements can be considered:

Schemes of new metric reporting (mean-CQI/SINR, worst IMR, etc.)
· When a UE reports CQI and precoding information, it is usually an instantaneous observation on a given channel realization. In case of bursty interference, the instantaneous measurement may not be reliable if applied without processing at gNB. To combat this, the CSI report could include statistical information parameters about channel/interference distribution, e.g. mean and standard deviation.
· One may argue that gNB can calculate the interference distribution based on multiple CSI reports. However, this does not work on the borders of the SINR range of a given CQI table. The minimum and the maximum CQI values limit the gNB assumption on how much better / worse the observed SINR is comparing to the highest / lowest CQI respectively. Usually this could be corrected by an Outer Loop Link Adaptation (OLLA), but as was discussed extensively, OLLA is unusable in situations with very tight latency & reliability since every NACK may count towards missed QoS requirements.
· The scheme of interference characteristics reporting is similar to CQI/SINR statistics but tries to optimize overhead & complexity assuming interference distribution can be more important than the channel. Therefore, we are open to discuss this optimization together with the statistical CSI.
· Worst-M sub-band reporting can be realized by gNB implementation, if more accurate SB CQI reporting is introduced.
Increasing granularity of SB CQI (e.g. 3-bits differential SB CQI or 4-bits full SB CQI)
· Although the issue of inaccurate sub-band report using 2-bit differential CQI may be straightforward, we don’t observe sufficient gains in Section 2 to change current specification.
Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated
· CQI only report does not directly solve the problem of more accurate MCS selection, as it was discussed in the last meeting. Therefore, the focus should be on other Case-1 schemes.

Based on the above analysis and evaluation in Section 2, the following proposal is made:

Proposal 1
· Support a new metric reporting where the new metric shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) based on configurable filtering functions which include at least
· Mean, std deviation, min, max

Case-2 new reporting

In the last RAN1#103-e and #104bis-e meetings, the following agreements were made to focus the discussion with respect to Case-2 new reporting schemes:
	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 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


We further consider two different applications, as mentioned in the agreements:
· Optimization of MCS selection for re-transmission of PDSCH
· The fundamental problem is that URLLC should have quite robust initial transmission, e.g. with BLER target in the range of ~0.001 – 1%. That means the proposed techniques optimize the resource allocation for very small percentage of cases, which obviously can bring small overall gains. Furthermore, we studied more accurate setting of MCS for retransmissions in past in [3][4] and did not observe any gains.
· Optimization of OLLA for MCS selection for initial transmission of PDSCH
· As for the delta MCS reporting for OLLA adjustment, the results in Section 2 show trade-off between performance on different BLER targets, and operate worse than the baseline at the highest error requirement. The associated spec change & implementation complexity seem not justified by this performance improvement.

Proposal 2
· Do not support Case-2 delta MCS reporting schemes due to uncertain performance benefits at expense of high spec impact


Conclusion
In this contribution the CSI measurement and feedback enhancements targeting URLLC/IIOT scenarios in Release 17 have been presented. Based on analysis and discussion, the following observations and proposals have been made:

Observation 1
· Scenarios with single-shot PDSCH transmission are expected to show more noticeable impact from application of different CSI enhancement schemes

Observation 2
· In Scenario 2 (Indoor Factory), at 1e-5 packet error rate target, the following schemes outperform the baseline under the IMR configuration capturing the actual interference load
· Maximum interference CSI with legacy SB CQI reporting or UE side filtering by ~2% more satisfied UEs
· In Scenario 2 (Indoor Factory), at 1e-5 packet error rate target, the following schemes outperform the baseline under the IMR configuration capturing full interference load
· Maximum interference CSI with legacy SB CQI reporting or UE side filtering by ~25% more satisfied UEs
· Statistical CSI by 20-23% more satisfied UEs
· In Scenario 2 (Indoor Factory), under the IMR configuration capturing full interference load assumption, the schemes with UE-side calculation and reporting of the channel/interference statistics outperform the legacy and enhanced CQI reporting granularity with calculation at gNB side

Proposal 1
· Support a new metric reporting where the new metric shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) based on configurable filtering functions which include at least
· Mean, std deviation, min, max

Proposal 2
· Do not support Case-2 delta MCS reporting schemes due to uncertain performance benefits at expense of high spec impact
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Appendix – Evaluation Assumptions
[bookmark: _Ref54387418]Table 2. Detailed assumptions based on scenario 3 agreed in RAN1#102-e
	Parameters
	Value

	Layout
	120 x 60 m indoor factory
18 BS

	Inter-BS distance
	20 m

	Carrier frequency
	4 GHz

	Channel model 
	InF-DH in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	Table A.2.2-1 in TR38.824

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	Table A.2.2-1 in TR38.824

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	Number of UEs per cell
	240 URLLC UEs per factory

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	UE distribution
	100% of users are indoors 
75 km/h for modeling fading channel 

	TDD configuration
	7 symbols DL: 7 symbols UL repeated

	Traffic model
	URLLC: 32 byte, 1 ms latency, 2 ms periodicity

	Resource allocation
	2 PRB granularity

	PDCCH
	1 symbol overhead

	DMRS
	1 symbol overhead

	CSI reporting
	Regular delay 5 slots

	Transmission scheme
	Rank 1 restriction
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