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1	Introduction
Revisions compared to R1-2105580 are in blue (update in section 3.1 and new section 3.2).
The work item on enhanced Industrial Internet of Things (IIoT) and URLLC support initiated on RAN1#102-e, agenda item 8.3. The following agreements were made in RAN1#104b-e related to CSI feedback enhancements as reflected in the Chairman’s notes from RAN1#104b-e and feature lead summary [R1-2103956]: 
Agreement: 
Focus study on the following for new reporting Case 1:
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. 
a. Downselect by RAN1#105 to at most a single method from the following options:
i. Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
ii. CSI based on worst IMR occasion (FFS details)
iii. Interference standard deviation (FFS details)
iv. Worst-M CQI (FFS details)
b. FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
2. Increasing granularity of subband CQI (e.g., 3-bits differential subband CQI or 4-bits full subband CQI).
3. Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
a. Applicable for same reporting quantity as R16 for CQI. 
b. FFS: Whether network configured channel and interference measurement interval can also be applied
c. FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
d. FFS: how to report the updated CQI
e. 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

In this contribution, we further elaborate on the CSI enhancements that have been agreed to be further studied in RAN1#104b-e,  namely, new reporting quantities (Case 1 & Case 2) allowing more accurate MCS selection and network controlled multiple CMR/IMR/CSI-IM measurements. .
[bookmark: _Toc415085486][bookmark: _Toc503902285]2	Interference measurements enhancements
As the work item is targeting more accurate MCS selection in the particular framework of URLLC use cases, multiple proposed schemes in case 1 focused on  characterizing the distribution of signal and/or interference, whether implicitly or explicitly, or its instantaneous realization. Notable examples include Case 1-1 (statistical CQI/SINR from a set of CSI-IM/IMR), Case 1-3 (Interference statistics), Case 1-4 (Interference covariance matrix), Case 1-5 (CSI based in worst IMR occasion), Case 1-6 (Worst-M CQI), Case 1-11 (Partial information update), wherein the reported quantities characterize ranges or bounds for interference-dependent quantities.
The main motivation, as highlighted by multiple companies, resides in the fact that any mismatch between the optimal and the selected MCS for a given transmission is caused, most likely, by interference variation. Indeed, the channel is, typically, more stable than interference which is the main culprit in the volatility of MCS, within the short timelines under consideration in the framework of URLLC use cases. Nevertheless, channel impact should not be neglected and any impactful change in channel measurements should be captured and reported to the network.  
New CSI quantities that characterize interference statistics, in some cases including the statistics of fast fading,  e.g. SINR mean and standard deviation, can be particularly useful in this framework as they enable the gNB to improve its link adaptation based on reliable estimation of the distribution of signal and/or interference. Consequently, reducing the probability and the extent of MCS mismatch.  While interference measurements are already supported in NR CSI framework, they are typically performed jointly with channel measurements, and reportQuantity in CSI-ReportConfig does not support CSI-quantities for interference reporting only.
Additionally, the UE may report CSI quantities based on one or multiple channel and interference measurements depending on whether it is configured with timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements, respectively.  As the considered new CSI quantities in case 1, e.g., SINR mean and standard deviation, strive to characterize the distribution of interference, whether implicitly or explicitly, partially or fully, their accuracy could be enhanced by considering multiple interference measurements in order to collect sufficient statistics for a given quantity. 
This fact was highlighted by multiple companies during the post-RAN1-104-e additional discussion [104-e-NR-R17-IIoT_URLLC-02-AddDisc] and during RAN1 #104b-e discussion [R1-2103956].
It is already possible for a UE to compute CSI quantities based on multiple interferences and/or channel measurements, if timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements are not configured. However, the UE may consider only the latest CMR/IMR measurements, even if measurement restrictions are disabled.  
38.214 Section 5.2.2.1 (Channel quality indicator (CQI))
[bookmark: _Hlk494809136]If a UE is not configured with higher layer parameter timeRestrictionForChannelMeasurements, the UE shall derive the channel measurements for computing CSI value reported in uplink slot n based on only the NZP CSI-RS, no later than the CSI reference resource, (defined in TS 38.211[4]) associated with the CSI resource setting. 
[bookmark: _Hlk512507617]If a UE is configured with higher layer parameter timeRestrictionForChannelMeasurements in CSI-ReportConfig, the UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CSI resource setting. 
[bookmark: _Hlk498033277]If a UE is not configured with higher layer parameter timeRestrictionForInterferenceMeasurements, the UE shall derive the interference measurements for computing CSI value reported in uplink slot n based on only the CSI-IM and/or NZP CSI-RS for interference measurement no later than the CSI reference resource associated with the CSI resource setting. 
If a UE is configured with higher layer parameter timeRestrictionForInterferenceMeasurements in CSI-ReportConfig, the UE shall derive the interference measurements for computing the CSI value reported in uplink slot n based on the most recent, no later than the CSI reference resource, occasion of CSI-IM and/or NZP CSI-RS for interference measurement (defined in [4, TS 38.211]) associated with the CSI resource setting. 
The existing specified framework for setting timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements may limit the achievable CSI accuracy and subsequent link adaptation decisions. Multiple concerns can be highlighted, 
· The network does not have the means to know the time span or the number of interferences measurements occasions that were used to compute a given CSI quantity, at the UE side, if timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements are not configured. This is a non-trivial information from network perspective as it does not know, in this case, whether the reported CSI quantities capture a snapshot or filtered measurements of channel and interference. 
· Filtered measurements are more likely to capture trends in channel and interference variations and consequently, provide more realistic view of the state of the radio link at the time when the subsequent CSI report will be available for usage at the network side.
· If the network knows that the measurements to compute a given CSI report were obtained over an extended period of time, it can avoid being excessively optimistic or conservative in its link adaptation decisions.
· Network scheduling decisions may impact the interferences from one instance to another. As the network is aware of what is being scheduled over period of time, it may benefit from knowing the UE perspective of the impact of its scheduling decisions on interference variations.
· If more samples of interference are collected over time and used by the UE to compute CSI quantities, the network knows that sampling bias is reduced and consequently it can avoid being too conservative or too aggressive in its link adaptation decisions. From statistical point of view, estimating quantities such as max, min, std, mean, auto-correlation of a random process, requires sufficient data to provide accurate approximations.
· The more interference and channel measurement samples capture their variations over time and frequency, the more subsequent estimations are accurate.   One possible method to achieve such improvements is to enable network-controlled multi-shot interference measurements to compute or refine a given CSI quantity, e.g., CQI, SINR mean and standard deviation. Increasing the number of measured interference samples, especially at different time instances, means that interference statistics are captured more accurately, and sampling bias is reduced.  Consequently, we can expect lower divergence between the reported CSI quantities and the actual conditions at the time of the PDSCH transmission.
RAN1 #104b-e agreements captured this aspect by stating that the 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.
While particularly useful for interference and channel statistics characterization (Mean-CQI/SINR and stdev-CQI/SINR, Interference standard deviation), configured measurement intervals can be further used for each of the schemes under study in RAN1.
For case 1-5 (CSI based on worst IMR occasion), a configurable measurement interval enables to control the interval over which the worst IMR occasion would be chosen. For this scheme to work, there must be a parameter to control the maximum delay with respect to the considered worst IMR occasion. Configurable measurement interval would provide such a parameter.   
For case 1-6 (Worst-M CQI) and case 1-8 (3-bits differential subband CQI or 4-bit full subband CQI), multiple interference measurements over a configurable measurement interval enables to capture a more realistic view of the channel quality, at the time when CSI is available for usage at the network side. 
For case 1-11 (CQI-only reporting), configured measurement intervals can be used as a mean to control the acceptable time offset between CQI-only report and the report conveying its assumed CRI/RI/PMI, in the framework of Case 1-11. For example, if the time offset between reports is higher than the configured measurement interval, then a more complete report including CQI or delta CQI and CRI and/or PMI and/or RI is transmitted, otherwise a CSI report containing CQI only or delta CQI is transmitted.
Alternately, configured measurement time intervals can be used to increase the accuracy of CQI reporting only.  
These aspects were highlighted during the additional discussion after RAN1#104-e and RAN1#104b-e, wherein the proponents of different schemes, e.g., Case 1-1 (statistical CQI/SINR from a set of CSI-IM/IMR), Case 1-3 (Interference statistics), Case 1-4 (Interference covariance matrix), Case 1-5 (CSI based in worst IMR occasion), Case 1-11 (Partial information update), pointed out that their schemes either require or can benefit from multiple IMR measurements for a single CSI report.
Observation 1: Computing CSI quantities based on multiple TDMed interference measurements enables to better characterize the channel and interference statistics, and to improve link adaptation decisions based on each of the cases under study. 
In our view, such enhancement is primordial or beneficial for most of the schemes proposed under case 1 and even currently supported CSI quantities in Rel-15/Rel-16. Additionally, from specification impact point of view, no extensive changes would be needed as this enhancement boils down to defining an intermediate level of measurements time restriction.   
Configurable measurement time interval or measurement counters in CSI-reportConfig for IMR and/or CMR could be used, in addition to currently supported timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements.
Proposal 1: Enable the configuration of measurement time intervals or measurement occasions counter for IMR and/or CMR, for all CSI reporting quantities (including new metric, sub-band CQI enhancement, CQI only report and existing CSI quantities in Rel-15/Rel-16). 
3	Case-1 new reporting: CSI Reporting Enhancements for more accurate link adaptation
The following candidate schemes have been agreed in RAN1#104b-e for further study:

Agreements:
Focus study on the following for new reporting Case 1:
4. 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. 
a. Downselect by RAN1#105 to at most a single method from the following options:
i. Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
ii. CSI based on worst IMR occasion (FFS details)
iii. Interference standard deviation (FFS details)
iv. Worst-M CQI (FFS details)
b. FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
5. Increasing granularity of subband CQI (e.g., 3-bits differential subband CQI or 4-bits full subband CQI).
6. Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
a. Applicable for same reporting quantity as R16 for CQI. 
b. FFS: Whether network configured channel and interference measurement interval can also be applied
c. FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
d. FFS: how to report the updated CQI
e. FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay.


A comparison of the pros/cons of the down-selected methods highlighted in yellow is found in Table 1. Note that Case 1-11 (updating only CQI in a report) is discussed separately in Section 3.1 as we think this scheme has a quite different purpose which is to increase the CQI reporting frequency and/or to reduce the CQI processing timeline.
The ‘standardization complexity’ is clearly an important aspect to take into account considering the little time left of the work item. In this regard, both scheme 1-6 (worst-M CQI) and 1-8 (3-bit/4-bit differential/absolute CQI) have been regarded by a majority of companies as straightforward enhancement with little impact on specifications (more details in Appendix A). When comparing other aspects, both schemes provide similar performance benefits as shown in Figure 1, but the reporting overhead is clearly improved when adopting the Worst-M reporting as compared to 3- or 4-bit CQI report. Therefore, considering the little time left of the work item, at least Worst-M CQI should be adopted in Rel-17.
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[bookmark: _Ref71549823]Figure 1: Performance results for Factory automation. Left: the 1st transmission block-error rate. Center: the 99.9999%-ile of the latency collected from all the transmitted packets in the network. Right: average PRB utilization in the network. Simulation assumptions are found in Appendix C, while additional explanations and simulation results can be found in our previous contribution R1-2103434.
Next, scheme 1-5 (CSI based on worst-IMR occasion) follows the same principle as 1-6 worst-M CQI. In fact, if the UE is configured with multiple IMR occasions (as proposed in Section 2) or if timeRestrictionForInterferenceMeasurements is not enabled (and multiple IMR occasions are used by the UE to determine the CQI report), 1-5 and 1-6 are expected to provide similar benefits but 1-6 is preferred, once again, due to standardization complexity.
Finally, SINR/CQI statistics and interference standard deviation try to solve the problem of estimating the statistical ‘outliers’ of the UE channel (i.e. those worst channel conditions not captured with traditional CQI measurements). The smaller the transport block size is, the more important it is to deal properly with the tail of the channel distribution, not forgetting the relevance of frequency-domain information. 
Starting with interference standard deviation, there are many open questions that makes us doubt about its usefulness. For instance, since the quantity only considers the absolute value  of the interference quantity (ignoring the wanted signal component) it is unclear how to do the reporting with reasonable accuracy, considering the large dynamic range that interference may experience.  Additionally, in a fading channel part of the wanted signal S can fade >10dB (if signal level std due to fast fading is e.g. 5dB then two stds equals 10dB) which is not captured by interference statistics, which again is a problem especially for small URLLC packets.  Also it is unclear how the reported interference could be combined with more traditional quantities such as CQI. For this reason, 1-3 Interference standard deviation is not preferred. 
What comes to case 1-1 CQI statistics, the problem with CQI report quantity is that it is always associated to an assumed target BLER and assumed TBS. This means that gNB needs to perform back-and-forth estimation from the reported CQI quantities, “CQI-BLERtarget” and “CQI-TBS”, to the actual TBS, actual BLERtarget  and the actual MCS.  Keeping in mind that CQI-TBS is typically quite large and URLLC transport block sizes may be very small, this back-and-forth mapping becomes highly inaccurate.  This problem becomes critical when CQI report suggests low-order MCS usage, since then it may be impossible for gNB to determine if the lowest MCS will meet the BLERtarget or not.  The accuracy required by URLLC traffic is then lost.
With case 1-1 SINR statistics the previously highlighted problems can be overcome, as the approach supports natively MCS selection for any BLERtarget and any TBS. Various companies have suggested that UE performance may vary between UEs, which is a problem.  We agree that the performance between UEs may vary, but we don’t think this is a significant problem because the performance differences between UEs should be within 1…2dB range when SINR statistics are collected from the decoder input, while the uncertainty coming from not knowing the channel fading profile can easily be 15dBs with TBS=1kbit or even 25dBs with TBS=80bits (see Figure B-1 in Appendix B). In light of being able to get rid of 20dB uncertainty, 1…2dB uncertainty coming from performance differences between UE decoders should be quite acceptable.
[bookmark: _Ref71122684]Table 1: High level comparison of Case-1 New reporting schemes.
	Scheme
	Technical merits
	Technical drawbacks
	Standardization complexity
	Reporting overhead

	1-1: SINR statistics 
	Allow channel characterization and link adaptation for any target BLER and TBS 
	Mapping of SINR to S.E. may vary across UE vendor/UE implementation
	High
	Medium

	1-1: CQI statistics
	Allow channel characterization including estimation of statistical worst channel conditions 
	Report quantity applies only to assumed TBS and assumed target BLER
	Medium
	Medium

	1-3: Interference standard deviation
	Allow accurate characterization of the interference. 
	Unclear how the reported interfer. could be combined with traditional quantities, e.g. CQI.
	High
	High

	1-5: CSI based on worst IMR occasion
	Provide information of CQI with worst-interference case 
	WB measurement gives no info about channel fading profile.
SB measurement: what is the worst occasion if there are two CQI distributions?
	Low
	Low/medium/high depending on whether wideband/sub-band measurement is used

	1-6 worst-M CQI
	Provide information on worst-subbands relying on existing UE CQI measurement procedure
	Not possible to characterize UE frequency-selective channel
	Low
	Low

	1-8 3-bit/4-bit differential/absolute CQI
	Provide information on worst-subbands as well as frequency-domain channel variations (e.g. for distribution characterization)
	High reporting overhead.
	Low
	High



Based on the discussion above, our main preferences are i) Worst-M CQI due to significant performance benefits with low CSI reporting overhead and without requiring additional new UE measurements or higher complexity and ii) SINR statistics (under scheme 1-1) as it facilitates link adaptation for different BLER targets (different than the one associated with the UE’s CQI reports) and different TB sizes. More details for these two enhancements are discussed in more details in the Appendices A and B. 
Proposal 2: To enable accurate MCS selection, reporting of a new metric shall be supported where the new metric is worst-M CQI (M is configurable).
· Note: CQI based on worst IMR occasion is supported (case 1-5) within this when the M is equal to full band and worst IMR occasion is selected for reporting. Therefore, the same framework can be applied. 
Proposal 3: To support Worst-M CQI reporting, where UE reports CQI associated with the worst-M sub-bands for the defined target BLER.
· M is configured via RRC within the CSI reporting config. 
· Both appending to existing CQI (e.g. CRI-PMI-RI-CQI-CQIm) or replacing existing CQI (e.g. CRI-PMI-RI-CQIm) may be supported. 
· Rel-16 CQI determination framework can be reused with a change to the CSI reference resource considering worst-M sub-bands (similar to full band assumed in wideband CQI and sub-band assumed in sub-band CQI).

3.1 Case 1-11: Partial information update/reporting
Case 1-11 received substantial support in RAN1 #104b-e [R1-2103956], even though simulation results showed little gain or even performance loss. 
Several advantages and concerns were identified for Case 1-11 [R1-2103956]. Two main potential advantages, which seem to be critical for Case 1-11 support, can be highlighted: i) CQI feedback timeline reduction, and ii) UE complexity reduction. However, Case 1-11 potential in achieving the agenda item purpose, i.e. aiming of more accurate MCS selection and link adaptation, is still to be proven in the light of simulation results in RAN1 #104b-e [R1-2103956] and in Table 2 hereafter. 
Table 2: Simulation results for AR/VR Urban Macro scenario with 10 URLLC UEs and 2 eMBB UEs in each cell, with assumptions as per Appendix C, Table 4. *The performance results correspond to 40,000 packets delivered to each UE.
	
	Percentage of URLLC UEs fulfilling 1 ms latency and 99.99*% reliability

	Reporting frequency
	R16 Wideband CSI
	R16 Sub-band CSI

	Full CSI – 2 ms
	85.71%
	92.86%

	Full CSI – 10 ms
	85.24%
	91.90%

	Full CSI – 20 ms
	84.76%
	90.95%

	CQI – 2 ms
Full CSI – 10 ms
	83.33%
	93.33 %

	CQI – 2 ms
Full CSI – 20 ms
	84.29%
	92.86%



As can be seen in Table 2, the periodicity of CQI reporting is not the sole lever when it comes to link adaptation accuracy and more frequent CQI only reporting does not, forcibly, translate into higher reliability. Indeed, considering a baseline of full CSI reporting at 10 ms periodicity, the addition of CQI only reporting at 2 ms periodicity results in almost zero increase in the percentage of URLLC UEs fulfilling 1 ms latency and 99.99% reliability. This little or no gain is due to the extremely short coherence time of the channel (especially interference) as also discussed in Section 1 and in our previous contributions.
Observation 2: More frequent CQI only reporting does not translate into higher reliability and may lead to loss in the performance even with the shorter periodicity compared to the full CSI reporting. 
Similar observations were reached based on simulation results from RAN1 #104b-e, wherein results actually showed a performance loss in some scenarios when case 1-11 is used. This performance loss compared to Rel-15/Rel-16 baselines could be explained by error propagation which occurs when RI/PMI/CRI change and are not reported.
Consequently, the design of CSI reporting according to Case 1-11 requires careful consideration. Indeed, as specified in TS 38.214, CQI is computed given a CRI, PMI and CRI.  If one of these quantities underwent a substantial change, and UE ignored or omitted said change in its CSI measurements and reporting, the impact on performance may be considerable and could simply nullify any potential gain from partial information update.  For example, if the best measured CSI-RS resource was different from the one indicated by the latest reported CRI, feeding back CQI only will result in very poor spectrum efficiency, and worse, it may result in a failure to fulfil URLLC QoS requirements, and ultimately it may increase the probability of complete radio link failures. 
One could that, for partial information update/ CQI-only reporting to work properly, it should mind the actual channel conditions and avoid omitting quantities that are otherwise very useful for accurate link adaptation. 
Observation 3: Omitting CRI/PMI/RI while impactful change occurred would lead to erroneous reporting. There must be rules stating conditions on CRI and/or PMI and/or RI omission.
We think that partial information update, if agreed, should be subject to specified omission rules dictating conditions on when partial update is possible or full reporting is more appropriate. Such rules could eventually simplify the configuration of case 1-11 in CSI-ReportConfig, if Case 1-11 is agreed for support.     
Proposal 4: Do not support CSI reporting according to case 1-11. 
· RAN1 may consider defining conditional CRI/PMI/RI omission rules in order to configure CSI reporting according to case 1-11. These rules should enable the fall back to full CSI report when considerable impact on link adaptation is expected.  

3.2 Additional Simulation Results for Case-1
In Section 3, Figure 1, we have presented performance results for the Factory automation scenario. It is shown that the evaluated R17 candidate schemes (Worst-M, 4-bit SB CQI, SINR mean/std) significantly improve the performance over legacy schemes (WB, 2-bit SB CQI). The main advantage of the R17 candidates is that they capture large differences between wideband and subband channel quality, and thus allow to perform more accurate link adaptation targeting very low BLER target of e.g. 1-5.
In addition, we also presented performance results in our previous contribution R1-2103434 for the AR/VR scenario with a  mix of URLLC and eMBB traffic. There, it was shown that Worst-M CQI achieved a 1st transmission BLER target of “only” 1E-4, and did not provide significant gains compared to e.g. R16 2-bit subband CQI.  The main reason was that the CSI/CQI is derived from a single channel and interference observation, thus resulting in a relatively high probability of link adaptation errors when e.g. the CSI is measured during a time instance with low inter-cell interference, whereas the PDSCH transmission is subject to high inter-cell interference. 
In contrast, if assuming that the UE derives the CSI from multiple interference observations, much more accurate CQI can be provided by the UE. As an example, performance results with different reporting schemes and 2 ms or 10 ms CSI reporting periodicities are shown in Table New1 and Figure New1. In short, both R16 subband CSI and Worst-M CSI can fulfill requirements for 100% of the simulated users when multiple interference observations are taken into account for the CSI report. Contrary to the Factory automation scenario (Figure 1), Worst-M CQI does not provide additional gains (in % of supported UEs)  on top of R16 subband scheme due to the presence of eMBB traffic (whose transmissions typically occupy the entire bandwidth due to large TB sizes), resulting in small difference between wideband and subband channel quality which can be still captured with the limited dynamic range of the R16 subband CQI. For this scenario, the main benefit of Worst-M CQI is the significantly reduced reporting overhead.
Observation New1: For the AR/VR Urban Macro scenario with a mix of URLLC and eMBB UEs in each cell:
· 1 ms latency and 99.99% reliability requirements are fulfilled for 67%, 74%, and 77% of the URLLC UEs if the CSI is derived from a single (i.e. the latest) channel and interference measurement, for R16 WB CQI, R16 subband CQI and Worst-M CQI, respectively.
· When multiple interference observations are taken into account for the CSI report, both R16 subband CSI and Worst-M CSI can fulfill the requirements for 100% of the simulated URLLC UEs.
Table New1: Simulation results for AR/VR Urban Macro scenario with 10 URLLC UEs and 2 eMBB UEs in each cell, with assumptions as per Appendix C, Table 4. *The performance results correspond to 20.000 packets delivered to each UE.
	
	Percentage of URLLC UEs fulfilling 1 ms latency and 99.99*% reliability

	
	R16 Wideband CSI
	R16 Sub-band CSI
	Worst-M CSI

	CSI 2 ms – Single IMR
	67.14
	74.29
	77.14

	CSI 2 ms – Mult. IMR
	98.57
	100
	100

	CSI 10 ms – Single IMR
	66.19
	74.29
	73.33

	CSI 10 ms – Mult. IMR
	98.1
	100
	100


[image: ]
Figure New1: CCDF of the latency collected from all the transmitted packets in the network. Percentage of packets experiencing HARQ retransmission correspond to the ‘flat’ area of each curve.  AR/VR Urban Macro scenario with 10 URLLC UEs and 2 eMBB UEs in each cell, with assumptions as per Appendix C, Table 4. 
For the results in Table New1 and Figure New1, it is assumed that the UE measures the channel and interference on periodic CMR and IMR resources every 2 or 10 ms (same as the CSI reporting periodicity). For ‘Mult. IMR’ case, it is further assumed that each instantaneous interference measurement on the i-th subband is filtered with a simple ‘envelope-tracking’ filter.  
4	Case 2 new reporting: Additional UE measurements to improve (outer-loop) link adaptation accuracy  
In RAN1 #104bis-e the following agreements were related to Case-2 New reporting:

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


4.1 Case 2-3: (Delta) CQI/MCS/SINR
Legacy OLLA is based on binary ACK/NACK feedback for each scheduled PDSCH. Overall, the former HARQ-ACK/NACK -based OLLA steering will be replaced with steering which is up to UE implementation (for example, using SINR, LLR, raw BER, flipped bits, LDPC iterations, BLEP, # fail parity checks, etc.). In this context, the introduction of a delta-CQI/MCS new reporting based on PDSCH decoding for OLLA performance enhancement, namely Case 2-3, received significant support in the last RAN1 #104b-e meeting.
How to determine the delta-CQI/MCS 
The exact methods for deriving delta-CQI/MCS new reporting are left up to UE implementation which does not provide sufficient guidance to perform RAN4 tests. For instance, a common framework could include the LDPC decoder algorithm and number of maximum iterations used to define the a posteriori LLRs after the last LDPC decoding iteration used to trigger delta-CQI/MCS reporting based on a configured threshold. However, as the exact LDPC decoder implementation is up to UE vendor, different LDPC decoder implementations could achieve similar performance while they differ significantly in terms of convergence of decoding. On the other hand, the post-combined SINR samples obtained from the decoder input can be used to have an estimation of the error probability and use it to trigger delta-CQI/MCS reporting based on the specific BLER target for each transmission.
Proposal 5: RAN1 shall discuss the exact method for deriving delta-CQI/MCS/SINR as it is related not only to RAN1 design details but also on possible RAN4 test cases. 
Support re-transmission or initial transmission OLLA
There is no agreement on whether the delta-CQI/MCS feedback should be reported only for incorrect PDSCH reception (NACK) or for both, correct and incorrect PDSCH reception (ACK/NACK). Due to the high requirements in URLLC scenarios, it was highlighted by other companies [R1-2102494] that additional report in case of NACK is more important. However, it should be noted that in URLLC scenarios, NACKs occurrence may be significantly sparse and therefore, delta-CQI/MCS feedback for correctly received PDSCHs is required for OLLA to converge.  Providing the feedback based on NACKs only may work in cases where the latency budget allows retransmissions because then PHY layer BLERtarget can be higher than what the QoS profile would suggest as such, but especially in cases where the latency budget does not allow retransmissions it is vital that feedback is provided also based on ACKs.
Proposal 6: Support case 2-3 (delta-CQI/MCS) new reporting for initial transmission derived from SINR based on PDSCH decoding.
Reporting of delta-CQI/MCS and related overhead 
The details to define delta-CQI/MCS from multiple PDSCH receptions have not been discussed. In order to reduce the feedback overhead, only one delta-CQI/MCS can be reported for multiple scheduled PDSCHs. Therefore, specific configuration rules are required to report delta-CQI/MCS feedback from a subset of scheduled PDSCH or to combine the information from multiple PDSCH receptions. The criteria to determine how to derive delta-CQI/MCS from several PDSCHs can be configured by the network based on the HARQ processes ID, a configured TBS or MCS threshold, based on PHY-priority etc.
Proposal 7: To support case 2-3 (delta-CQI/MCS), a subset of the scheduled PDSCHs shall be selected to generate the delta-CQI/MCS feedback. 
· Both gNB and the UE shall be aware of the subset for which the reporting is applied. E.g. limiting the reporting to a given HARQ-ID.

Reporting framework: HARQ or CSI
The new delta-CQI/MCS information reporting and periodicity needs to be properly handled. For instance, this new metric could be directly reported per PDSCH reception and can be directly included as an extension of the HARQ-ACK information (e.g. defined as a maximum, minimum or average of the MCS/CQI values of scheduled PDSCHs), or it can be jointly coded with the HARQ information or included in the CSI reporting feedback.  
A unified framework for both reporting schemes, namely case 1 and case 2, can decrease the specification effort if CSI framework is extended to support both case 1 and case 2 reporting. For example, CSI reporting configuration may add this case 2 reporting as a new quantity for reporting using the CSI reporting framework and RAN1 does not have to do extra work. When the case 2 reporting quantities, delta-CQI/MCS, is configured within the CSI reporting configuration (CMR/IMR resources may not be configured simultaneously), the UE could follow configured PUCCH resources and periodicities for case 2 reporting. In our view this is something that RAN1 needs to consider to avoid unnecessary discussion on reporting framework. 
Proposal 8: For both case 1 and case 2 reporting (if supported), RAN1 shall strive to use a unified reporting framework based on the CSI reporting framework.  
5	Conclusions 
In this contribution, we have discussed potential enhancements related to CSI feedback for URLLC/IIoT use cases, as summarized in the following proposals and observations: 
Observation 1: Computing CSI quantities based on multiple TDMed interference measurements enables to better characterize the channel and interference statistics, and to improve link adaptation decisions based on each of the cases under study. 
Proposal 1: Enable the configuration of measurement time intervals or measurement occasions counter for IMR and/or CMR, for all CSI reporting quantities (including new metric, sub-band CQI enhancement, CQI only report and existing CSI quantities in Rel-15/Rel-16). 
Proposal 2: To enable accurate MCS selection, reporting of a new metric shall be supported where the new metric is worst-M CQI (M is configurable).
· Note: CQI based on worst IMR occasion is supported (case 1-5) within this when the M is equal to full band and worst IMR occasion is selected for reporting. Therefore, the same framework can be applied. 
Proposal 3: To support Worst-M CQI reporting, where UE reports CQI associated with the worst-M sub-bands for the defined target BLER.
· M is configured via RRC within the CSI reporting config. 
· Both appending to existing CQI (e.g. CRI-PMI-RI-CQI-CQIm) or replacing existing CQI (e.g. CRI-PMI-RI-CQIm) may be supported. 
· Rel-16 CQI determination framework can be reused with a change to the CSI reference resource considering worst-M sub-bands (similar to full band assumed in wideband CQI and sub-band assumed in sub-band CQI).

Observation 2: More frequent CQI only reporting does not translate into higher reliability and may lead to loss in the performance even with the shorter periodicity compared to the full CSI reporting. 
Observation 3: Omitting CRI/PMI/RI while impactful change occurred would lead to erroneous reporting. There must be rules stating conditions on CRI and/or PMI and/or RI omission.
Proposal 4: Do not support CSI reporting according to case 1-11. 
· RAN1 may consider defining conditional CRI/PMI/RI omission rules in order to configure CSI reporting according to case 1-11. These rules should enable the fall back to full CSI report when considerable impact on link adaptation is expected.  

Proposal 5: RAN1 shall discuss the exact method for deriving delta-CQI/MCS/SINR as it is related not only to RAN1 design details but also on possible RAN4 test cases. 
Proposal 6: Support case 2-3 (delta-CQI/MCS) new reporting for initial transmission derived from SINR based on PDSCH decoding.
Proposal 7: To support case 2-3 (delta-CQI/MCS), a subset of the scheduled PDSCHs shall be selected to generate the delta-CQI/MCS feedback. 
· Both gNB and the UE shall be aware of the subset for which the reporting is applied. E.g. limiting the reporting to a given HARQ-ID.

Proposal 8: For both case 1 and case 2 reporting (if supported), RAN1 shall strive to use a unified reporting framework based on the CSI reporting framework.  

Appendix A – Details on Worst-M CQI Reporting
For URLLC, it is beneficial that the CQI report includes information on the worst case SINR conditions experienced at a given time, i.e. the tail of the user channel quality distribution, as an indication of the worst-case interference. This can be achieved by introducing a new CQI reporting mode, where the UE shall report to the gNB: i) a wideband CQI value, that at maximum will result in a BLER of 10-X (X ∈ [1,5], as agreed for NR Rel-15) if the gNB schedule a payload with transmission parameters (modulation and coding scheme) according to the recently received CQI over the entire band; and ii) a CQI value that results in a maximum BLER of 10-X if transmitting only over the worst-M sub-bands.
Worst-M CQI reporting specification impacts
The specification impacts due to worst-M CQI reporting are expected to be small as highlighted by multiple companies during the post-RAN1-104-e  additional discussion [104-e-NR-R17-IIoT_URLLC-02-AddDisc]. Below, we present our view on  different aspects.
CMR/IMR
Worst-M CQI scheme does not require any changes and does not mandate any special configuration of channel measurement and interference measurement resources. There is also no need to restrict the position of the sub-bands, considered for worst-M CQI. Both contiguous and non-contiguous sub-bands are supported. 
CRI, RI, PMI
No specification changes would be needed for CRI, RI, PMI. Similar to wideband or sub-band CQI, worst-M CQI shall be calculated conditioned on the reported PMI, RI, CRI.  Consequently, worst-M CQI report shall be subject to the last CRI, RI and PMI, whether in the same report, if configured, or in the latest available report, if CQI only reporting would be agreed. The proposed scheme does not mandate specific frequency granularity or restrictions on other reported CSI quantities.  Legacy CSI reporting configuration framework would be reused with the single addition of worst-M CQI format.   
CQI
Worst-M CQI value can be reported as an absolute, or differential CQI value in case it is reported together with wideband CQI. Absolute CQI value with 4 bits would likely make more sense, since differential reporting may not save any dynamic range, considering that the SINR-difference between interfered and non-interfered subbands can be tens of dBs.
Configuration
The value of M can be either fixed in the specification or it can be configurable by gNB via CSI-ReportConfig, where the latter option is preferred. As M would be indicated via RRC configuration, we don’t see any strong reason to limit too much the set of possible values. We think that M ranging in the interval [1,.., 8] sub-bands is a reasonable option. However, other values are not precluded. which leaves gNB some flexibility to adjust the value of M according to the expected TB sizes and UE’s channel conditions. It should be noted that the simulation results in earlier Tdocs have been provided assuming M=2.
Worst-M testability aspects
Testability aspects have been briefly discussed during the [104-e-NR-R17-IIoT_URLLC-02-AddDisc] discussions. Although it has not been raised as an issue for the Worst-M CQI enhancement, in the following we provide a few examples on how the testing criteria could be defined in RAN4. Using the existing framework for CQI testing defined in TS 38.101-4, example conditions to be fulfilled could be defined as follows:  
a) An index difference of 0 between worst-M CQI and wide-band CQI shall be reported at least α% of the time, but less than β% of the time, where α and β are specified.
b) An index difference between the worst-M CQI and wide-band CQI Y≤0  shall be reported at least µ% of the time but less than Ω% of the time, where µ and  Ω are specified.
c) The ratio of the BLER obtained when transmitting the transport format indicated by the reported worst-M CQI on a randomly selected sub-band among all sub-bands and that obtained whentransmitting the transport format indicated by the reported wideband CQI median on a randomly selected sub-band among all the sub-bands shall be ≤γ, where γ is specified.
Appendix B – Details on SINR Distribution Reporting
Reporting of SINR distribution characteristics
In addition to the fast interference fluctuations described above, there are the following problems affecting the link adaptation accuracy for URLLC use cases:
· Fading profile also contributes to channel statistics (in addition to interference).
· PDSCH transport block size (TBS) and target BLER are generally different from the assumptions that were used in the UE’s CQI report.
Figure B-1 illustrates the problem with existing CQI reporting. Assume that UE reports CQI index 7 (QPSK R=0.44 in Table 5.2.2.1-4 in TS 38.214 ) which is associated with TBS=1000bits and BLERtarget=1e-5. Based on the CQI index only, the gNB does not know if the CQI report was associated with the solid or the dashed green curve, or something in between. If gNB now needs to transmit a TB of 80bits using e.g. BLERtarget=1e-2, it is unable to accurately determine the correct MCS because the smaller TB performance can be nearly anything (red curves) depending on the channel fading profile. 
[image: ]
[bookmark: _Ref54177040]Figure B-1: Sensitivity of QPSK R=0.44 to TBS and channel fading profile.  
Summarizing, the problem is that TB error probability depends on several factors, the most significant ones being TBS, MCS and post-combined SINR-distribution. The SINR-distribution captures the impacts of interference as well as channel fading profile. Other factors (target BLER, remaining latency budget, TBS, MCS) are known or controlled by gNB.
Considering that gNB knows or controls all other factors except the SINR distribution, the logical conclusion is that UE should report SINR distribution variables (mean and standard deviation) to gNB. Then gNB can perform mapping according to Figure B-2.  The mapping can be implemented for example using a look-up-table, which is computed offline.
[image: ]
[bookmark: _Ref54177379]Figure B-2: gNB’s usage of SINR distribution information to obtain an MCS decision which meets target BLER.
The benefits of the outlined approach are that gNB can perform more accurate MCS selection for any TBS, any channel conditions and any BLERtarget.  Another benefit is that the knowledge of the SINR distribution allows the gNB to take into account also those parts of the SINR distribution which were not explicitly sampled by the UE, as they are described by SINR mean and standard deviation.
Considering these benefits, it is proposed that the UE computes and reports to the gNB the SINR distribution characteristics: mean and standard deviation.  The purpose is to estimate the characteristics when interference is present.  
Determination of SINR mean/std and usage
Procedure and derivation of SINR mean and standard deviation in the UE
· SINR-quantities are derived using the current (last reported) RI and PMI.
·  Obtain frequency-domain SINR samples by the CSI-RS measurement.
· If there is no configured csi-IM-ResourcesForInterference or nzp-CSI-RS-ResourcesForInterference (associated to CSI-ReportConfig) then take Channel and interference samples from CMR (resourcesForChannelMeasurement). 
· If there is one or multiple CSI-IM (csi-IM-ResourcesForInterference) or NZP-CSI-RS for interference measurement (nzp-CSI-RS-ResourcesForInterference) associated with the same CSI reporting (CSI-ReportConfig), then take interference samples from csi-IM-ResourcesForInterference or nzp-CSI-RS-ResourcesForInterference measurements. The interference samples could be generated considering one or multiple time instances that CSI-IM or NZP-CSI-RS for interference measurement are sent (the same or different times). There may be an association between CMR and IMR resources or none.
· Select the interference samples considering worst-K, averaging, windowing over time, or randomly. In our observations, selecting worst-K samples from one time-instance seems more suitable to model the interference characteristics.  

· Generate SINR samples based on the selected interference samples, estimating the SINR sample values in the decoder input just before mapping SINR to CQI. Here, consideration of post-processing is also considered where SINR samples could reflect post-processing SINR.  

· Compute mean and std using the generated SINR samples. Here, a further selection of SINR samples or using SINR samples when generating SINR distribution or any other method could be used for computing the mean and SINR. 
· Compute SINRmean from linear domain SINR-samples, then convert to dB for reporting.  In our simulation results we have used a 2dB quantization step.  If SINRmean is reported with 5 bits, this would allow 62dB dynamic range.
· Compute SINRstd from log domain [dB] samples. In our simulation results we have used a 2dB quantization step.  If SINRstd is reported with 3 bits, this would allow 14dB dynamic range.
· Report the SINR mean and std in the CSI report (these are new quantities that reflect channel interference characteristics). 

The exact derivation of the quantities is eventually implementation specific, since the number or UE rx antennas may vary, rx architecture may vary etc.
The UE can report the quantities with a smaller overhead when log values are considered instead of actual values. Further quantization or indexing may be needed to reduce the feedback overhead.  NR CSI reporting methods can be easily applied without any changes on the reporting mechanism. 
This will allow gNB to perform accurate link adaptation for any block size, any target BLER and any channel conditions. The exact details of the reporting format are for further study.

Usage of SINR mean and standard deviation in the gNB
The overall intent how gNB shall use the reported SINR-quantities is perhaps easier to understand using Figure B-3: 
When UE reports estimated <SINRmean, SINRstd> characteristics, gNB will pick the relevant set of curves from Figure B-3 using SINRstd to select the column and the current TBS to select the row.  Given that gNB also knows the PHY layer BLERtarget of the current TBS, it can then select the MCS which fulfils that BLERtarget for the current TBS in the current channel fading profile.
[image: ]
[bookmark: _Ref67316017]Figure B-3: gNB stores performance curves as function of TBS and SINRstd.  Each set of curves has SINRmean on x-axis and block error probability on y-axis. 
Different companies have commented “how can gNB know the performance of a specific UE?” In this context a generic performance mapping is sufficient because of the following points:
1) UE estimates SINR-quantities in the decoder input, which means that the impact UE architecture-based performance differences are already included in the quantities (we could talk about “post-combined SINR quantities”).
2) If we consider decoder performance differences, there are and will be some differences. However, we do not expect that any UE manufacturer would on purpose use a decoder which has poor performance. This means that the performance differences between different decoder architectures will not be very big, while at the same time we can see from Figure B-1 and Figure B-3 that the impact of channel fading profile can be very large (easily >20dB Figure B-1).

SINR distribution reporting specification impacts
We see three different alternatives:
· SINRmean and SINRstd are reported instead of CQI.
· SINRmean and SINRstd are reported in addition to CQI. 
With this option gNB will get UE’s view of the correct MCS for the assumed “CQI-BLERtarget” and the derived “CQI-TBS”, plus it would get the SINR quantities which make it easier to decide the correct MCS for the current TBS and current BLERtarget.  The CQI information can be used to verify and/or adjust the performance mapping described in Figure B-3.
· SINRstd (without SINRmean) is reported in addition to CQI.
This will also help gNB to decide the correct MCS for the current TBS and current BLERtarget, as it will get an idea of the fading profile that the link experiences. There will still be some inaccuracy in the process due to the quantized nature of CQI, but this would already help gNB.
General specification impacts:
· Report quantities of SINR-std and SINR-mean shall be defined, where it may be combined with other CQI quantities in the same report or considered as independent reporting quantities. 
· The quantization step for both quantities can be e.g. 2dB.  If SINRmean is expressed with 5bits then it will cover a range of 62dB, which could be mapped to -12…+50 dB range.  5 bits can be considered as the maximum needed; optimized mapping may be possible and we are open to discuss the options.
· If SINRstd is expressed with 3 bits then it will cover a range of 14dB, which could be mapped to 0…14 dB range.
Similar to CQI reporting, SINR quantities are reported conditioned on CRI, RI and PMI. If the report containing SINR statistics is not configured with CRI, RI or PMI as reporting quantities, the latest CRI, RI, PMI are assumed. Considering that different companies have expressed concerns about performance mapping which is only based on SINR, we suggest that SINRmean and SINRstd are reported in addition to CQI.

Appendix C – System Level evaluation assumptions

[bookmark: _Ref54097554][bookmark: _Ref54097547]Table 3: System Level evaluation assumptions for Factory Automation scenario
	Parameter
	Value

	Network layout
	18 ceiling-mounted cells deployed as in Table 7.8-7 in TR 38.901. InF-DH channel model

	Carrier BW
	40 MHz @4 GHz; FDD duplexing

	Total tx power
	27 dBm

	BS Antenna config 
	4 Tx antenna ports; (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2); 

	BS antenna height
	8 m

	BS antenna gain
	5 dBi

	UE antenna config 
	4 Rx antenna ports; (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) 

	UE antenna height 
	1.5m

	UE antenna gain 
	0dBi

	UE receiver noise figure 
	9 dB 

	UE Receiver
	MMSE-IRC; 

	Physical layer config
	30 kHz subcarrier spacing. 4 OS mini-slot (143 µs). 

	CSI
	CQI and PMI, reported every 2 ms; 4 ms delay from the moment the UE performs the channel/interference measurement until the CSI is available at gNB for DL scheduling. Sub-band size of 4 PRBs
CSI derived from a single channel and interference measurement (i.e. no time domain filtering).
IMR resources are co-located in the first mini-slot scheduling the DL burst, and periodically reoccurring with the same periodicity as the DL traffic (2 ms).
For SINR-STD, mean CQI reports are on purpose 3dB too optimistic.

	UE deployment
	20 indoor UEs randomly and uniformly distributed over the area; 3 km/h semi-static mobility

	Traffic model
	Periodic traffic with 2 ms periodicity and 32 B payload size. Synchronized/simultaneous traffic arrivals for all the UEs in the network.

	TB Tx/Rx Processing times:
	According to UE Capability #2 [R1-1808449]

	Channel estimation
	Ideal

	Other assumptions
	No discarding of packets or UEs. 
25% relative overhead (DMRS, PDCCH, etc.)
Rank-1 transmissions
For sub-band CQI scheme, we consider a conservative link-adaptation implementation at the gNB side, consisting of selecting the MCS for the TB transmission based on the worst sub-bands as indicated in the CQI report.




[bookmark: _Ref54097556][bookmark: _Ref54097549]Table 4: System Level evaluation assumptions for Rel-15 enabled use case (AR/VR) scenario
	Parameter
	Value

	Network layout
	3GPP Urban Macro (Uma) with 21 cells and 500 m inter-site distance

	Carrier bandwidth
	40 MHz @4 GHz; FDD duplexing

	Total transmit power
	49 dBm

	BS Antenna config 
	4 Tx antenna ports; (M, N, P, Mg, Ng; Mp, Np.) = (8, 4, 2, 1, 1; 1, 2); 
dH = 0.5λ, dV = 0.8λ; 

	BS antenna height
	25 m

	BS antenna gain
	8 dBi

	UE antenna config 
	4 Rx antenna ports; (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)

	UE antenna height 
	1.5m

	UE antenna gain 
	0dBi

	UE receiver noise figure 
	9 dB 

	UE Receiver
	MMSE-IRC; 

	Physical layer config
	30 kHz subcarrier spacing. 4 OS mini-slot (143 µs). 

	CSI
	CQI and PMI, reported every 2 ms; 4 ms delay from the moment the UE performs the channel/interference measurement until the CSI is available at gNB for DL scheduling. Sub-band size of 4 PRBs
CSI derived from a single channel and interference measurement (i.e. no time domain filtering).


	UE deployment
	20% indoor and 80% outdoor randomly and uniformly distributed over the area; 3 km/h semi-static mobility

	Traffic model
URLLC UEs
eMBB UEs
	
10 URLLC UEs per cell; FTP model 3 traffic with 32 Byte payload and arrival rate of 100 packets per second
2 eMBB UEs per cell; FTP model 3 traffic with 50kByte payload and arrival rate of 100 packets per second

	TB Tx/Rx Processing times:
	According to UE Capability #2 [R1-1808449]

	Channel estimation
	Ideal

	Other assumptions
	No discarding of packets or UEs. 
25% relative overhead (DMRS, PDCCH, etc.)
Rank-1 transmissions
For sub-band CQI scheme, we consider a conservative link-adaptation implementation at the gNB side, consisting of selecting the MCS for the TB transmission based on the worst sub-bands as indicated in the CQI report.
Minimum RB allocation size is 4 RBs and 2 RBs for the results in Table 2 and Table New1, respectively. Using 4 RBs to deliver a transport block size of 32 Bytes essentially means that high MCSs, e.g. 64QAM 9/10 are not commonly used. 
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