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This contribution is a summary of contributions [2]-[22] submitted under AI 8.3.1.2 (CSI feedback enhancements) The AI is related to the following objective of the revised work item on Enhanced IIoT and URLLC support for NR [1]:
	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 RAN1#102-bis-e, RAN1 agreed to study/evaluate a set of CSI enhancement schemes in terms of technical benefits, specification and implementation impacts. The candidate enhancement schemes include at least new triggering methods for A-CSI and/or SRS, new reporting based on channel/interference measurement (Case 1), and new reporting based on other measurement (Case 2). RAN1 also agreed on a set of baseline assumptions for system-level simulations. 
In RAN1#103-bis-e, RAN1 agreed to continue evaluation for a set of identified candidate schemes for Case 1 to address the fast interference change over time. RAN1 also agreed to continue studying and focus on Case 2 new reporting based on PDSCH decoding for OLLA performance enhancement for initial and re-transmissions of PDSCH.
In RAN1#104-e, a detailed set of Case 1 and Case 2 schemes was identified for continued evaluation ([23], Appendix B) and additional discussions took place after RAN1#104-e to better understand each scheme and associated aspects such as implementation complexity, specification impact and testability [24].
Here is the color code used in this summary:
· FL’s proposals
· Questions for the inputs from companies
· FL summary based on the companies’ input
· RAN1 agreements
Collection of agreements/conclusion in RAN1 #104b-e
Conclusion:
For new reporting Case 1, do not consider further the following schemes:
1. Case 1-2: CSI prediction
1. Case 1-4: Interference covariance matrix
1. Case 1-9: Reference wideband CQI excludes worst sub-bands
1. Case 1-10: CSI expiration time

Agreements:
For new reporting Case 2, focus study on reporting of delta-CQI/MCS (Case 2-3):
1. 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.)
0. Companies are encouraged to provide more details in their analysis
1. FFS: Granularity of new report type (e.g. units of CQI or MCS, how many bits)
1. FFS: Whether quantity reported is relative to the scheduled MCS

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. 
3. Downselect by RAN1#105 to at most a single method from the following options:

0. Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
0. CSI based on worst IMR occasion (FFS details)
0. Interference standard deviation (FFS details)
0. Worst-M CQI (FFS details)
3. FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
1. Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI).
1. Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
5. Applicable for same reporting quantity as R16 for CQI. 
5. FFS: Whether network configured channel and interference measurement interval can also be applied
5. FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
5. FFS: how to report the updated CQI
5. FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay
Proposals for 1st GTW
New reporting Case 1:

FL proposal 8.1-1: Support new reporting of CQI only, where CQI is conditioned on the latest reporting instance containing RI/PMI (Case 1-11).
New reporting Case 2:
FL proposal 9.1-1: For new reporting Case 2, continue study focusing on reporting of (delta) CQI/MCS/SINR (Case 2-3).
Proposals for 2nd GTW

For Case 1, FL proposal 8.1-2 was proposed in an attempt to address concerns with 8.1-1.

FL proposal 8.1-2:
Support new reporting of CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).
· One IMR occasion is associated with a CQI-only reporting instance. 
· FFS association of more than one IMR occasion to a CQI-only reporting instance. (Case 1-5, Case 1-1)
· Rel-15/16 CQI reporting formats are at least supported for CQI-only reporting instance. FFS if one or more of the following new formats are also supported:
· Mean and stdev CQI/SINR (Case 1-1)
· Worst-M CQI (Case 1-6)
· 3-bits differential or 4-bits subband CQI (Case 1-8)

The proposal did not achieve consensus. A proposal for down-selection was provided and the following was concluded:

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

For Case 2, the following proposal was discussed: 

FL proposal 9.1-1: For new reporting Case 2, continue study focusing on reporting of (delta) CQI/MCS/SINR (Case 2-3).
Proposals for 3rd GTW

FL proposal 9.1-4:
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.)
· 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

FL proposal 8.1-6: Focus study on the following for new reporting Case 1:
· Reporting of R16-CQI/metric, where R16-CQI/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 at most one metric from the following options:

· Case 1-1: Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Case 1-3: Interference standard deviation (FFS details)
· Case 1-5: CSI based on worst IMR occasion (FFS details)
· Reporting of Updating R16-CQI only (i.e. CQI is the reportQuantity in CSI-ReportConfig), where CQI is conditioned on a previous reporting instance containing RI/PMI/(CRI) calculation (Case 1-11).
· R16-CQI is determined based on network configured channel and interference measurement interval (as per first bullet)
· FFS: how to report the updated CQI
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay

Proposals for 4th GTW

FL proposal 8.1-9: 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
Topic #1: New triggering methods for A-CSI and/or SRS
In this section, we provide summary of contributions discussing candidate enhancement schemes for new triggering methods.
Summary of issues for Topic #1
Several contributions discuss potential benefits and drawbacks of supporting triggering of a A-CSI report by DCI:
Issue #1-1: Support A-CSI triggering on PUCCH by DL assignment
· Yes: Huawei [2], ZTE [5], vivo [6], Ericsson [10], CMCC [13], NTT DOCOMO [21]
· The development of new feedback reporting schemes (especially case 2 schemes) is impacted by whether aperiodic CSI can be reported on PUCCH or not [2].
· Better performance than A-CSI on PUSCH and P/SP-CSI on PUCCH due to more flexible feedback [5], because wideband P-CSI may not be accurate enough [13]
· Trigger reporting based on traffic needs for sporadic traffic [13][21]
· No latency increase for CSI reporting (e.g. due to waiting for UL grant for triggering) [2]
· Less uplink overhead than A-CSI on PUSCH in DL-heavy scenarios, or SP-CSI/P-CSI with low periodicity [21]
· More flexible triggering mechanism of A-CSI [10]
· Lower PUCCH resource utilization than P/SP-CSI on PUCCH [10]
· Transmission of single PDCCH transmission instead of two PDCCH with A-CSI on PUSCH [2][5][6][13]:
· Less interference and resource utilization than A-CSI on PUSCH
· Avoid blocking/increased latency from exceeding blind decoding limit per span or lack of coreset capacity
· Better spectral efficiency
· Avoid reduction of reliability due to CCE channel estimation limit
· Avoid reduction of reliability from having to successfully receive two PDCCHs
· Some concerns: Apple [15], Lenovo [22]
· Need to decide whether PUCCH resource is same or different than HARQ-ACK [22]
· Total number of activated trigger states needs to be limited [15]
· No: Mediatek [8], Intel [14], LG [19]
· P/SP-CSI reporting more suitable for factory scenario with periodic traffic [8]
· For factory scenario, coherence time is larger than latency requirement, therefore no need to update the CSI report for re-transmission [8]
· P/SP-CSI reporting every 10 ms sufficient for AR/VR scenario with 22 ms coherence time [8][19]
· No clear enhancement compared to A-CSI on PUSCH [8][14]
· Does not address the problem of bursty interference which is the main performance issue [14]
· If CSI and HARQ-ACK are combined in same resource, need to delay HARQ-ACK compared to processing capability 2 and increased probability of error with larger payload [8]
· Non-negligible specification efforts [14], e.g. complicated timeline [19]
· Added overhead in DL assignments if new fields are required [14], wasting resource since no retransmission is needed ~99% of the time [8][14]
· Resources for CSI in the UL may be limited by other URLLC transmissions [19]
Several contributions discussed potential benefits and drawbacks of supporting triggering of a CSI-RS/SRS and/or A-CSI report by NACK:
Issue #1-2: Support CSI-RS/SRS/A-CSI report triggering by NACK
· Yes: Huawei [2], ZTE [5], Qualcomm [16]
· No extra demands on PDCCH blind decoding
· Avoid reduction of reliability due to CCE channel estimation limit
· Good performance in terms of percentage of satisfied UEs [5]
· Avoids excessive overhead of low CSI-RS periodicity/CSI report [16]
· Can be used with semi-persistently scheduled PDSCH [16]
· No: Mediatek [8]
· May increase power consumption by requiring unnecessary A-CSI computation 99% of the time [8]
Issue #1-3: Support A-CSI triggering on PUCCH by group DCI
Two contributions [5][8] discuss potential support of triggering a A-CSI report by group DCI. However, neither contributions support this option. The main reason is the inefficient use of group DCI resources since packet arrivals are not synchronous between UEs.
One company proposed to trigger CSI-RS or SRS when PDSCH is successfully received but with a low margin:
Issue #1-4: Support CSI-RS/SRS triggering by low-margin ACK
· Yes: Qualcomm [16]
· To provide new report quickly when conditions start degrading [16]
· One extra bit in HARQ-ACK codebook can be used to indicate preconfigured whether RS is triggered [16]
One company proposed to support UE requesting CSI measurement to update CSI
Issue #1-5: Support UE request for CSI measurement to update CSI for a new Tx-Rx beam pair
· Yes: Qualcomm [16]
· To provide new CSI measurements when UE autonomously updates its Rx beam [16]

Observations on new triggering methods.
For A-CSI on PUCCH triggered by DL DCI:
· 6 companies support this, 3 companies do not support it and 2 do not provide a definitive view.
· Following evaluation results are available:
· ZTE [5] provided additional evaluation results and observes the following gains:
· 67% satisfied UEs vs 53% (if using A-CSI on PUSCH), or 50% (if using SP-CSI)
· 2.9% resource utilization vs 3.1% (if using A-CSI on PUSCH) or 1.9% (if using SP-CSI)
For A-CSI on PUCCH triggered by NACK
· 3 companies support this, 1 company does not support it.
Compared to RAN1#104-e, there does not seem to be any change of view or any additional data. Several companies do not discuss the topic any more in their contribution submitted to RAN1#104-be. For this reason, it is suggested to focus on Topic #2 and Topic #3 in RAN1#104-be.

E-mail discussion (1st round) for Topic #1
TBD


Topic #2: New reporting (Case 1)
In this section, we provide summary of contributions discussing candidate enhancement schemes for new reporting based on channel/interference measurement (Case 1).
Summary of issues for Topic #2
At RAN1#104-e, 11 schemes were identified for Case 1 new reporting. Subsequent detailed discussions after RAN1#104-e allowed further understanding of the potential benefits of each proposed scheme and issues. The main design objectives can be identified as follows:
· Enabling more accurate MCS selection without very frequent and detailed CSI reporting by the UE:
· Presumed scheduler behaviour is to pick a MCS based on the tail of a distribution of CQI samples recently measured by UE (but not necessarily latest CQI), assuming that interference at scheduling time may not be correlated with interference at the latest CQI measurement.
· UE reports statistics from multiple measurements: Case 1-1, Case 1-3
· UE reports from worst-case measurement: Case 1-5, Case 1-6, Case 1-7, Case 1-9
· UE frequently reports only CQI conditioned previously reported full CSI: Case 1-11
· Enabling more accurate MCS selection by decreasing CQI quantization error and/or reducing CQI processing latency:
· Presumed scheduler behaviour is to pick a MCS based on most recent CQI report, assuming that interference at scheduling time may be correlated with interference in most recent CQI report. 
· Decreasing CQI quantization error: Case 1-8, Case 1-9
· Reducing CQI processing latency: Case 1-11
· Enabling more accurate MCS selection in other scenarios:
· Predicting future CSI: Case 1-2
· MU-MIMO, TDD: Case 1-4
· Change of UE speed: Case 1-10
In the following sub-sections, performance results and detailed views on benefits and complexity are presented for each scheme.


Case 1-1: Statistical CSI/SINR
Evaluation results
	ZTE [5]
	Case 1-1
Mean + stdev CQI
	AR/VR
	31% satisfied UEs [50%] 
2.9% RU [1.9%]
(gNB sets MCS based on MeanCQI – StdevCQI)

	InterDigital [9]
	Case 1-1
Mean+stdev SINR
	AR/VR
	100% satisfied UEs [100%] 
6.43 RU [6.47 RU]
Report periodicity 2 ms

	Ericsson [10]
	Case 1-1
Mean and stdev CQI (wideband)
	AR/VR 
(mixed traffic)
	97.5% satisfied UEs [78.5%]
76% median RU [77%]
Baseline uses fixed backoff of 20 dB

	Ericsson [10]
	Case 1-1
Mean and stdev CQI (subband)
	AR/VR
(mixed traffic)
	97.2% satisfied UEs [78.5%]
60% median RU [77%]
Baseline uses fixed backoff of 20 dB

	Futurewei [11]
	Case 1-1
Mean and stdev SINR
	AR/VR
	81% satisfied UEs [68%]
6.5% RU [9.5%]

	Intel [14]
	Case 1-1
Mean+stdev SINR
	Factory
	~5% more satisfied UEs than baseline (1e-5 target)
6.3% RU [23.6%]

	Nokia [20]
	Case 1-1
Mean + stdev SINR
	AR/VR
	1 ms 99.9999%-pct latency [2 ms]
5% RU [3%]

	Nokia [20]
	Case 1-1
Mean + stdev SINR
	Factory
	~1 ms 99.999%-pct latency [1 ms]




Observations
· Ericsson [10], Futurewei [11], Intel [14], Nokia [20] observe increase of % of satisfied UEs and/or decrease of RU compared to baseline. InterDigital [9] observes similar performance between the scheme and the baseline. ZTE [5] observes degradation in the % of satisfied UEs and increase of RU.
· The UL overhead of the scheme is 15 smaller than the baseline in [10] due to lower reporting frequency. In [5], [9], [20], the report periodicity is the same but the payload of each report is smaller (mean + stdev of CQI or SINR instead of subband CQI report). In [11], UL overhead of the scheme is slightly higher than the baseline (mean + stdev of SINR reported for in addition to periodic report for every 20 reports).

Benefits/concerns
+Reduction of UL overhead: Huawei [2], Vivo [6], InterDigital [9], Ericsson [10], Nokia [20]
	-~7 bits for mean, variance, scaling factor: Ericsson [10]
+Avoid frequent reporting of CQI: InterDigital [9], NTT DoCoMo [21]
+Variance report allows estimation of very low probability value (tail): Ericsson [10], Nokia [20]
+Simpler for gNB if UE reports single RI/PMI for all reports: Ericsson [10]
+Overcomes limited dynamic range/quantization of CQI table: InterDigital [9], Intel [14]

-May use pre-scheduling as R16 solution: Huawei [2]
-gNB can calculate statistics instead if there are sufficient CQI reports: Vivo [6]
-Performance may be sensitive to actual PDF of interference: Huawei [2], InterDigital [9], Apple [15]
-Need to ensure sufficient samples of CQI/SINR: Vivo [6]
-No clear benefit compared to baseline (frequent sub-band reporting): Vivo [6], LG [19]
-Different schedulers may need different statistics: Huawei [2], Vivo [6], CATT [7]
-Variance CQI may be enlarged due to potential frequency selection: Vivo [6]
-Backoff can be determined by other means, instantaneous CQI, RSRP/OLLA: Samsung [17]
-Many issues to solve: number of samples, window size, outliers, quantization, reliability: Lenovo [22]

[If using SINR instead of CQI]
+SINR is not subject to limitation of just two possible BLER targets, allows more accurate performance estimation for various RB allocations: Nokia [20]
-Different UEs have different performance for same SINR. Mapping to CQI is proprietary: Quectel [12], Apple [15], Samsung [17], LG [19]

Implementation impact
+UE computation complexity is reduced compared to frequent CSI: Ericsson [10]
-Potential increased UE complexity: Huawei [2]
-UE computational complexity not improved: Samsung [17]

Specification/testing impact
-Medium: Huawei [2]
-High: Spreadtrum [4], ZTE [5]
-High effort to define new feedback quantity/quantization/processing latency: ZTE [5]
-Difficult to test performance of mean/variance CQI reporting, should clarify how it is used: Vivo [6], Apple [15]


Case 1-2: CSI prediction
Evaluation results
None available
Benefits/concerns
+Reduction of UL overhead: Huawei [2]
+UE can directly measure interference: InterDigital [9], Qualcomm [16]

-Assumes a-priori knowledge of interference PDF: Huawei [2]
-Potential increased UE complexity: Huawei [2]
-Unclear how UE can predict future CSI with bursty interference: Spreadtrum [4], CATT [7], InterDigital [9], Quectel [12], Samsung [17], NTT DoCoMo [21]
-Channel prediction possible at gNB based on SRS: Samsung [17]
-Not aligned with goal for accurate CSI: LG [19]
-UE does not know when resource is scheduled by gNB: InterDigital [9], NTT DoCoMo [21]
-If predicted interference is during burst, results won’t be valid later: InterDigital [9]
-Unclear how to specify or test: InterDigital [9]

Implementation impact
-Hard to judge: Huawei [2]
Specification/testing impact
-Hard to judge: Huawei [2]


Case 1-3: Interference statistics
Evaluation results
	Futurewei [11]
	Case 1-3
Interference stdev
	AR/VR
	92% satisfied UEs [68%]
7.2% RU [9.5%]



Observations
· Futurewei [11] observes increase of % of satisfied UEs and decrease of RU compared to baseline. The improvement is larger than what [11] observes for Case 1-1.
· The UL overhead of the scheme is slightly higher than the baseline (mean + stdev of interference reported for in addition to periodic report for every 20 reports).
Benefits/concerns
+Reduction of UL overhead: Huawei [2], Nokia [20]
+Isolate variations of interference only, better if time window for statistics is larger than interval between reports: Futurewei [11]
+Overcomes limited dynamic range of CQI table: Intel [14]

-May use pre-scheduling as R16 solution: Huawei [2]
-Can use RSRP/RSSI more reliably than short term interference reports: Samsung [17]
-Performance may be sensitive to actual PDF of interference: Huawei [2]
-Different schedulers may need different statistics: Huawei [2], CATT [7]
-No clear benefit compared to sub-band reporting: LG [19]
-No clear benefit over 1-1: Lenovo [22]
-May be less efficient than 1-1 (need average and variance on interference on top of channel part): InterDigital [9]
-Sensitive to different SINR-BLER performance: Quectel [12]
-Does not capture variations of the desired signal: Nokia [20]

Implementation impact
-Low: Futurewei [11]
-Medium: Huawei [2]
-High: Spreadtrum [4]

Specification/testing impact
-Low specification effort, testable: Futurewei [11]
-Hard to judge: Huawei [2]
-High effort to define new feedback quantity/quantization/processing latency: ZTE [5], InterDigital [9]
-Difficult to test: CATT [7]


Case 1-4: Interference covariance matrix
Evaluation results
	Huawei [2]
	Case 1-4
	Factory
(non-baseline)
	160 supported UEs [100]
38% RU [100%]



Observations
· Huawei [2] observes increase of number of UEs that can be supported and lower RU% compared to baseline. However, the scenario is not according to agreed baseline.
Benefits/concerns
+Allows fast CSI reports: Huawei [2]
+Enables gNB to select MCS matching SINR with MMSE-IRC: Huawei [2]

-Large payload: Spreadtrum [4], Quectel [12], Nokia [20], InterDigital [9]
-Unclear benefit for scheduler: Spreadtrum [4]
-Not suitable for URLLC traffic (requires delay-tolerant and non-bursty traffic): Samsung [17], InterDigital [9]
-Restrictive use case (TDD, single dominant interferer): InterDigital [9], LG [19], Nokia [20]
-Mainly targets MU-MIMO [21], not typical for URLLC: InterDigital [9], NTT DoCoMo [21]
-No benefit in agreed scenario: InterDigital [9]
-Not useful if gNB can control interferers: LG [19]

Implementation impact
-Medium: Huawei [2]
-High at UE, gNB: InterDigital [9], NTT DoCoMo [21]

Specification/testing impact
-Medium: Huawei [2]
-More difficult than 1-3: Spreadtrum [4]
-High (e.g. define new feedback quantity/quantization/processing req): ZTE [5], InterDigital [9], NTT DoCoMo [21]
-Difficult to test: CATT [7]


Case 1-5: CSI based on worst IMR occasion
Evaluation results
	ZTE [5]
	Case 1-5

	AR/VR
	58% satisfied UEs [50%] 
2.3% RU [1.9%] 

	InterDigital [9]
	Case 1-5 
	AR/VR
	99.5% satisfied UEs [99.5%]
6.65 RU [6.59 RU]
Report periodicity 20 ms

	Intel [14]
	Case 1-5
	Factory
	~20% more satisfied UEs than baseline (1e-5 target)
35.9% RU [23.6%]



Observations
· ZTE [5] and Intel [14] observe gain in % of satisfied UEs at the expense of increasing RU. InterDigital [9] observe similar performance as baseline.
Benefits/concerns
+Reduction of UL overhead: Huawei [2], Nokia [20]
+Enables less frequent reporting: InterDigital [9]
+Network avoids too conservative MCS, reflects interference jitter: Spreadtrum [4], ZTE [5]
+Does not require additional report quantity: ZTE [5]

-Assumes a priori knowledge of interference PDF: Huawei [2]
-Worst IMR not correlated to interference at scheduling: Samsung [17]
-Backoff can be obtained from CQI statistics, OLLA, RSRP/RSSI: Samsung [17]
-No clear benefit compared to sub-band reporting: LG [19]
-Subject to limitations of CQI-based reporting: Nokia [20]
-Unclear whether time window is feasible or not, instantaneous reports not meaningful for URLLC: NTT DoCoMo [21]
-gNB capable by implementation: NTT DoCoMo [21]
-May lead to too conservative MCS selection: Lenovo [22]

Implementation impact
-Low: InterDigital [9]
-Medium: Huawei [2]

Specification/testing impact
-Low: Huawei [2], Spreadtrum [4], ZTE [5], InterDigital [9]
-More than 1-6: need to define filtering window, storing multiple IMR measurements: Nokia [20]


Case 1-6: Worst-M CQI
Evaluation results
	Mediatek [8]
	Case 1-6
Worst-2 CQI
	Factory
	35.6% RU (25.1%)

	InterDigital [9]
	Case 1-6
Worst-1 CQI
	AR/VR
	100% satisfied UEs [100%]
6.78 RU [6.47 RU]
Report periodicity 2 ms

	Nokia [20]
	Case 1-6
Worst-2 CQI
	AR/VR
	1 ms 99.9999%-pct latency [2 ms]
5% RU [3%]

	Nokia [20]
	Case 1-6
Worst-2 CQI
	Factory
	~1 ms 99.999%-pct latency [1 ms]




Observations
· Mediatek [8] and Interdigital [9] observe increase of %RU for same number of satisfied UEs. Nokia [20] observe improvement in 1e-5 percentile latency from 2 to 1 ms in AR/VR environment at the expense of increase of RU%.
· The UL overhead of the scheme is smaller than the baseline (subband D-CQI with small periodicity)
Benefits/concerns
+Reduction of UL overhead: Huawei [2], InterDigital [9], LG [19], Nokia [20]
+Allows scheduler to know worst-case conditions: Spreadtrum [4], InterDigital [9]

-Assume a-priori knowledge of interference PDF: Huawei [2]
-Observed gain may be due to random allocation: Vivo [6]
-Interference may change from CSI feedback to PDSCH scheduling: Apple [14]
-No additional information compared to subband CQI: Samsung [17], LG [19]
-Subject to limitations of CQI-based reporting: Nokia [20]

Implementation impact
-Low, simple extension from R16: InterDigital [9], Quectel [12], Nokia [20], NTT DoCoMo [21], Lenovo [22]
-Low/medium: Huawei [2]
Specification/testing impact
-Low: Spreadtrum [4], InterDigital [9], Nokia [20], NTT DoCoMo [21]
-No change to CMR/IMR, CRI, RI, PMI. Could work with CQI-only reporting. M is RRC configured: Nokia [20]
-Easy to test: Spreadtrum [4]
-e.g. index difference with wideband CQI to be reported between a% and b% of the time: Nokia [20]
-Medium: Huawei [2]


Case 1-7: Worst-best criteria for subband CQI report
Evaluation results
None available
Benefits/concerns
Note: Configurable variant can be worst-worst-M: Qualcomm [25]

+/-Same as Case 1-6, plus:
-Unclear how the scheme works, performance: Nokia [20]
-Unclear why subband-specific CRI needs to be reported unless for multi-TRP: InterDigital [9]
-Unclear benefit over 1-6, requires more payload: NTT DoCoMo [21]

Implementation impact
-Low/medium: Huawei [2]
Specification/testing impact
-Low: Spreadtrum [4]
-Medium: Huawei [2]


Case 1-8: 3-bits differential subband CQI or 4-bit full subband CQI

Evaluation results
	Mediatek [8]
	Case 1-8
3-bit Diff-CQI
	Factory
	0.4% of incorrect MCS [22%]
Baseline uses 2-bit D-CQI
Incorrect MCS defined as scheduled MCS using scheme minus scheduled MCS using 4-bits SB-CQI

	Mediatek [8]
	Case 1-8
3-bit Diff-CQI
	Factory
	21.2% RU (25.1%)

	Mediatek [8]
	Case 1-8
4-bits full CQI
	Factory
	21.2% RU (25.1%)

	InterDigital [9]
	Case 1-8
3-bit Diff-CQI
	AR/VR
	100% satisfied UEs [100%]
6.48 RU [6.47 RU]

	InterDigital [9]
	Case 1-8
4-bits full CQI
	AR/VR
	100% satisfied UEs [100%]
6.48 RU [6.47 RU]

	Intel [14]
	Case 1-8
4-bis full CQI
	Factory
	~5% less satisfied UEs than baseline (1e-5 target)
23.9% RU [23.6%]

	Samsung [17]
	Case 1-8
3-bit Diff-CQI
	???
	0.2%, 1.9%, 1.0% gain for average/median/5 pctile throughput respectively.

	Samsung [17]
	Case 1-8
4-bits full CQI
	???
	0.5%, 0.7%, 15.6% gain for average/median/5 pctile throughput respectively

	Nokia [20]
	Case 1-8
4-bits full CQI
	AR/VR
	1 ms 99.9999%-pct latency [2 ms]
6% RU [3%]



Observations
· Mediatek [8] observes some decrease of RU% for same number of satisfied UEs. InterDigital [9] observes slight increase of RU% for same number of satisfied UEs. Intel [14] observes decrease of number of satisfied UEs. Nokia [20] observe improvement in 1e-5 percentile latency from 2 to 1 ms in AR/VR environment at the expense of doubling of RU%.
· Samsung observes a 15% gain in 5th percentile throughput for 4-bits full CQI. However, scenario/assumptions are unknown and metrics does not seem to correspond to agreed baseline for URLLC.
· The UL overhead of the scheme is higher than the baseline (subband 2-bits D-CQI with small periodicity)

Benefits/concerns
+Improved accuracy: Huawei [2], Nokia [20]
+Avoid lost information in the negative CQI offset values: Mediatek [8]

-Interference may change from CSI feedback to PDSCH scheduling: Apple [14], InterDigital [9]
-Larger CQI payload and CQI BLER: Samsung [17], Nokia [20]
-Frequency-selective CQI has limited benefit because of fast and random interference variations: Nokia [20]
-Subject to limitations of CQI-based reporting: Nokia [20]

Implementation impact
-Mature and low complexity: Huawei [2], Spreadtrum [4], Vivo [6], InterDigital [9], NTT DoCoMo [21]
Specification/testing impact
-Low: Huawei [2], Spreadtrum [4], Vivo [6], InterDigital [9]


Case 1-9: Reference wideband CQI excludes worst subbands
Evaluation results
	Mediatek [8]
	Case 1-9
(excludes 5 SB)
	Factory
	Reported enhanced wideband CQI better than baseline wideband CQI 62% of time

	InterDigital [9]
	Case 1-9
(excludes 5 SB)
	AR/VR
	100% satisfied UEs [100%]
6.48 RU [6.47 RU]

	InterDigital [9]
	Case 1-8 (3-bits) + Case 1-9
(excludes 5 SB)
	AR/VR
	100% satisfied UEs [100%]
6.48 RU [6.47 RU]



Observations
· InterDigital [9] observes slight increase of RU% for same number of satisfied UEs.
· The UL overhead of the scheme is either same as baseline (Case 1-9 alone) or higher than baseline (Case 1-8 combined with Case 1-9)
Benefits/concerns
+Leads to smaller range of CQI offset values: Mediatek [8]
+Better represent CSI for subbands to be allocated to the UE: InterDigital [9]

-Interference may change from CSI feedback to PDSCH scheduling: Apple [14]
-Not expected to have impact in improving PDSCH reception reliability: Samsung [17]
-Reporting of subbands increases overhead: Nokia [20]
-Allocation of interference is unpredictable: Nokia [20]
-Subject to limitations of CQI-based reporting: Nokia [20]

Implementation impact
-Low: Huawei [2], InterDigital [9]
Specification/testing impact
-Low: Huawei [2], Spreadtrum [4], InterDigital [9]


Case 1-10: CSI expiration time
Evaluation results
	Qualcomm [16]
	Case 1-10
	AR/VR
	60 km/h: CQI periodicity of 4 slots saves 16.7% RB compared to CQI periodicity of 80 slots (40 UEs).
3 km/h: CQI periodicity of 80 slots has about same RB usage compared to CQI periodicity of 4 slots.



Observations
· Qualcomm observes a benefit in adapting CQI periodicity to UE speed so that UL overhead is only increased when there is a gain in PDSCH RU.
Benefits/concerns
[Note: UE can provide CSI correlation coefficient instead of expiration time: Qualcomm [25]]
+Provide right CSI sampling time to gNB: Qualcomm [16]

-Can use a short periodicity instead: Spreadtrum [4]
-Could be derived by gNB from observation: Intel [14], LG [19]
-Existing gNB implementation use SRS or DM-RS or channel variations from successive CSI reports: Samsung [17]
-May be difficult to make accurate prediction with fast changing interference, not suitable to URLLC: InterDigital [9], Quectel [12], NTT DoCoMo [21]

Implementation impact
-Hard to judge: Huawei [2]
Specification/testing impact
-Hard to judge: Huawei [2]
-Large: Quectel [12]
-Can define three tests (channel variations, interference variations, both): Qualcomm [25]


Case 1-11: Partial information update
Evaluation results
	Huawei [2]
	Case 1-11 (?)
1 ms CQI computation time
	Factory
(non-baseline)
	100 supported UEs for 100% availability (70)

	Vivo [6]
	Case 1-11
Full CSI every 40 ms
Update CQI (only) based on IMR every 10 ms
	AR/VR
	71% satisfied UEs [67%, period 40 ms]/[98%, period 10 ms]
56% RU [77%, period 40 ms]/[48%, period 10 ms]
Baseline uses full CSI recalculation

	Vivo [6]
	Case 1-11
Full CSI every 40 ms
Update CQI based on CSI-RS and IMR  every 10 ms
	AR/VR
	89% satisfied UEs [67%, period 40 ms]/[98%, period 10 ms]
52% RU [77%, period 40 ms]/[48%, period 10 ms]
Baseline uses full CSI recalculation

	InterDigital [9]
	Case 1-11
(Update interference only)
	AR/VR
	99% satisfied UEs [100%, period 2 ms]/[99.5%, period 20 ms]
6.60 RU [6.47 RU, period 2 ms]/[6.59 RU, period 20 ms]
Report periodicity 2 ms (CQI update), 20 ms (full CSI)



Note: Ericsson results for Case 1-1 may also be applicable here, since reporting is based on CQI:
	Ericsson [10]
	Case 1-1
Mean and stdev CQI (wideband)
	AR/VR 
(mixed traffic)
	97.5% satisfied UEs [78.5%]
76% median RU [77%]
Baseline uses fixed backoff of 20 dB

	Ericsson [10]
	Case 1-1
Mean and stdev CQI (subband)
	AR/VR
(mixed traffic)
	97.2% satisfied UEs [78.5%]
60% median RU [77%]
Baseline uses fixed backoff of 20 dB



Observations
· Vivo [6] observes increase of % of satisfied UEs and decrease of %RU compared to a baseline with same frequency of full CSI reports but without partial CQI updates. Vivo [6] also observes some decrease of % of satisfied UEs and slight increase of % RU compared to a baseline where full CSI reports would be transmitted as frequently as the partial CQI updates. InterDigital [9] observes similar performance versus baseline.
· Huawei [2] observes significant increase of number of UEs that can be supported. However, the scenario is not according to agreed baseline.
· The results from Ericsson [10], Case 1-1 may be applicable assuming that the gNB can perform same calculations of statistics that the UE would perform under Case 1-1, based on the partial CQI reports.  
· The UL overhead is smaller than a baseline where (full) CSI reports would be transmitted as frequently as partial CQI reports, and larger than a baseline where full CSI reports would be transmitted as frequently as full CSI reports in the enhanced scheme.

Benefits/concerns
+Better accuracy due to reduced CQI delay without increase of UE complexity: Huawei [2], Oppo [3], Spreadtrum [4], Vivo [6], (LG [19]), NTT DoCoMo [21], InterDigital [9]
+No change to reporting: Huawei [2], Vivo [6]
+Can work w/wo A-CSI on PUCCH: Huawei [2]
+Reduced UL overhead: Spreadtrum [4], NTT DoCoMo [21], InterDigital [9]
+Mature and low complexity: Spreadtrum [4], NTT DoCoMo [21]
+Suited to typically URLLC use case where UE mobility is low RI/PMI does not change frequently: Vivo [6]
+Timely captures interference variations: Vivo [6]

-How much gain can be achieved is not clear: CATT [7]
-May result in error propagation if RI/PMI is separately reported: Samsung [17], (Lenovo [22])
-URLLC UE typically do not require RI reporting, and PMI can be obtained by SRS in TDD: Samsung [17]
-Overhead savings would be minimal: Samsung [17]
-UE processing requirements need to be defined for full CSI report: Samsung [17]
-Reducing CSI timeline does not improve accuracy based on our evaluations because of small interference coherence time: Nokia [20]
-Subject to limitations of CQI-based reporting: Nokia [20]

Implementation impact
-Low: Huawei [2], Spreadtrum [4], NTT DoCoMo [21]
Specification/testing impact
-Low: Huawei [2], Spreadtrum [4], NTT DoCoMo [21]


Other proposals related to Case 1 new reporting

-Downselect from 1-5/1-6/1-7/1-9: Spreadtrum [4]
-If overhead reduction is needed for URLLC CSI, focus on reducing CSI computation complexity and overhead based on existing CSI measurement/reporting mechanisms: Vivo [6]
-Group Case 1-1/1-2/1-3/1-11 for further study since they target providing statistics: Ericsson [10]
-Group Case 1-5/1-6/1-7/1-9 for further study since they target providing worst channel conditions: Ericsson [10]
-If new reporting is supported it should be possible to transmit simultaneously with legacy CQI: Quectel [12]
-Enable configuration of measurement time intervals or measurement occasions counter for IMR and CMR (Many Case 1 schemes (1-1, 1-3, 1-4, 1-5, 1-11) benefit from multiple IMR measurements per CSI report): Nokia [20]

Observations for Topic #2
Observations on new reporting Case 1.
Based on the submitted contributions, the support for each scheme can be summarized as follows (for the companies who explicitly stated it). The Table also includes a recommended way forward related to each scheme.
	Scheme
	Company views
	Recom.

	Case 1-1 
Statistical CSI/SINR
	Supportive (6): InterDigital [9], Ericsson [10], Intel [14], Nokia [20], Lenovo [22]
Not supportive (2): CATT [7], Samsung [17]
Open to study: Huawei [2], Spreadtrum [4], Quectel [12], LG [19], NTT DoCoMo [21]
	Study further

	Case 1-2
Predicted CSI
	Supportive (1): Qualcomm [16]
Not supportive (5): CATT [7], InterDigital [9], Samsung [17], Nokia [20], NTT DoCoMo [21]
Open to study: Huawei [2], Spreadtrum [4], Ericsson [10], LG [19]
	Not study further

	Case 1-3
Interference statistics
	Supportive (3): Futurewei [11], Intel [14], Qualcomm [16], 
Not supportive (3): CATT [7], InterDigital [9], Samsung [17]
Open to study: Huawei [2], Spreadtrum [4], Ericsson [10], LG [19], Lenovo [22]
	Study further

	Case 1-4
Interference covariance matrix
	Supportive (1): Huawei [2]
Not supportive (6): Spreadtrum [4], CATT [7], InterDigital [9], Samsung [17], LG [19], NTT DoCoMo [21]
	Not study further

	Case 1-5
CSI based on worst IMR occasion
	Supportive (2): ZTE [5], InterDigital [9]
Not supportive (3): CATT [7], Samsung [17], NTT DoCoMo [21]
Open to study: Huawei [2], Spreadtrum [4], Ericsson [10], LG [19], Lenovo [22]
	Study further

	Case 1-6
Worst-M CQI
	Supportive (2): InterDigital [9], Nokia [20]
Not supportive (2): CATT [7], Samsung [17]
Open to study: Huawei [2], Spreadtrum [4], Ericsson [10], Quectel [12], LG [19], NTT DoCoMo [21], Lenovo [22]
	Study further

	Case 1-7
Worst-best criteria for subband CQI report
	Supportive (1): Qualcomm [16] 
Not supportive (3): CATT [7], InterDigital [9], Samsung [17]
Open to study: Huawei [2], Spreadtrum [4], Ericsson [10], Quectel [12], LG [19], NTT DoCoMo [21]
	Study further

	Case 1-8
3-bits D-CQI or full SB-CQI

	Supportive (3): Huawei [2], Spreadtrum [4], Mediatek [8] 
Not supportive (3): CATT [7], InterDigital [9], Ericsson [10], Intel [14]
Open to study: Samsung [17], LG [19], NTT DoCoMo [21]
	Study further

	Case 1-9
Wideband CQI excluding worst SB
	Supportive (1): Mediatek [8]
Not supportive (4): Huawei [2], CATT [7], InterDigital [9], Samsung [17]
Open to study: Spreadtrum [4], Ericsson [10], LG [19], NTT DoCoMo [21]
	Not study further

	Case 1-10
CSI expiration time
	Supportive (1): Qualcomm [16]
Not supportive (6): Huawei [2], CATT [7], InterDigital [9], Intel [14], Samsung [17], Lenovo [22]
Open to study: Spreadtrum [4], LG [19], NTT DoCoMo [21] (not in Case 1)
	Not study further

	Case 1-11
Partial information update
	Supportive (9): Huawei [2], Oppo [3], Spreadtrum [4], Vivo [6], InterDigital [9], Ericsson [10], Intel [14], LG [19], Lenovo [22]
Not supportive (2): CATT [7], Samsung [17]
Open to study: NTT DoCoMo [21]
	Agree to support



From the above schemes, Case 1-11 (Partial information update) appears to gather the most support. Based on discussions, the implementation and standardization impact is considered low. The scheme enables provision of relevant channel information at lower overhead cost than the baseline (since most reports would contain only CQI) for schedulers that employ a statistical strategy (similar to Case 1-1). The scheme may also enable reduction of processing latency for the CQI updates, or at least reduction of UE processing compared to frequent reporting of full CSI reports. For these reasons, moderator proposes to agree on the following:
FL proposal 8.1-1: Support new reporting of CQI only, where CQI is conditioned on the latest reporting instance containing RI/PMI (Case 1-11).
Among remaining schemes, Case 1-1 (Statistical CSI) gathers the most support and has also been evaluated by the most companies. In 5 out of 6 evaluations, the evaluated scheme had lower UL overhead than the baseline. In 5 out of 6 evaluations, the performance in terms of percentage of satisfied UEs and/or resource utilization was as good as or better than the baseline. Performance-wise, this scheme appears promising. However, there are concerns related to testability if SINR is utilized as a reporting metric for the new report. There is also higher specification impact and effort for defining the new statistical quantities, quantization, time window, etc. The situation is similar for Case 1-3 (Interference statistics) except that there are less supporting companies.
A subset of schemes, Case 1-5 (CSI based on worst IMR occasions) and Case 1-6 (Worst-M CQI) have also been evaluated by several companies. These schemes may provide gains in UL overhead and sometimes in % of satisfied UEs, at the expense of higher resource utilization. Most companies are interested in studying further these schemes as they have low implementation complexity and standardization impact. 
Another subset of schemes, Case 1-8 (3-bits differential subband CQI or 4-bits subband CQI), has been evaluated by several companies. The results so far are mixed, with some showing gain in % of satisfied UEs and others showing no effect or degradation. These schemes have low implementation complexity and specification impact. However, several companies have the concern that these schemes increase overhead compared to R16 and should therefore prove significant benefit.
For the remaining subset of schemes, Case 1-2 (CSI prediction), Case 1-4 (Interference covariance matrix), Case 1-9 (Reference wideband CQI excluding worst subbands), Case 1-10 (CSI expiration time), they each have a single supporting company and 4 or more non supportive companies. It is therefore suggested to not continue further study of these schemes for R17.
E-mail discussion (1st/2nd round) for Topic #2
Question 2-1: Please provide feedback if you would like to either (a) make correction in this moderator summary (such as evaluation results or company position) or (b) add your company position relative to the schemes listed in the above.
	Company
	Yes/No
	Comments

	
	
	

	
	
	

	
	
	



Question 2-2: Do you have any question for clarification, or any comment, on the available evaluation results?
	Company
	Yes/No
	Comments

	vivo
	
	We would like to further clarify the evaluation results for Case 1-11.
We have provided and compared the simulation results for the following cases. Whether or not the performance gain can be observed depends on the baseline assumption.
· Scheme 1: full subband CSI report including CQI/PMI/RI with 10 ms or 40 ms periodicity
· Scheme 2-1 (i.e. Case 1-11): full subband CSI including CQI/PMI/RI is reported with 40 ms periodicity. CQI-only is reportred with 10 ms periodicity conditioned on a previous reporting instance containing RI/PMI.
It should be noted that scheme 1 with the shortest periodicity, i.e. 10 ms can achieve the best performance among all these cases since gNB can obtain the full CSI every 10 ms.
When comparing to the scheme 1 with 10 ms, performance of scheme 2-1 is lower than that of scheme 1. This is because CQI-only is reported with 10 ms assuming previous PMI/RI within the 40 ms, while CQI/PMI/RI is reported with 10 ms for scheme 1 (10ms). However, scheme 1 with short periodicity requires large overhead and UE computation effort to obtain the CQI/PMI/RI.
When compare to the scheme 1 with 40 ms, it can be seen that scheme 2-1 can achieve better performance than that of scheme 1 (40ms periodicity). Hence, CQI-only reporting conditioned on prevous PMI/RI can be beneficial in terms of the performance, with relative low computation effort.

	
	
	

	
	
	



Following first GTW session, moderator updated FL proposal:
FL proposal 8.1-2:
Support new reporting of CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).
· One IMR occasion is associated with a CQI-only reporting instance. 
· FFS association of more than one IMR occasion to a CQI-only reporting instance. (Case 1-5, Case 1-1)
· Rel-15/16 CQI reporting formats are at least supported for CQI-only reporting instance. FFS if one or more of the following new formats are also supported:
· Mean and stdev CQI/SINR (Case 1-1)
· Worst-M CQI (Case 1-6)
· 3-bits differential or 4-bits subband CQI (Case 1-8)

In this updated proposal, Case 1-11 is supported. It is clarified that there is association between IMR occasion and CQI-only reporting instance to support this functionality. The FFS sub-bullet would address possibility to support statistical CSI and CSI based on worst-IMR. Furthermore, as a baseline the CQI-only reporting instance support at least the R16 reporting formats, but the proposal leaves open the possibility of supporting additional reporting formats that are currently under study.

Question 2-3: Please indicate whether FL proposal 8.1-2 is acceptable:
	Company
	Yes/No
	Comments

	Vivo
	
	For the updated proposal 8.1-2 by FL, we agree with the main bullet and the second sub-bullet without the FFS part.
For the other sub-bullet, including the FFS parts, we think they can be decoupled with the main bullet because it is not necessary to combine the CQI-only reporting with the new reporting formats e.g. mean/STD/worst-M CQI. So they can be discussed separately whether or to support.
Hence, we propose the following update for proposal 8.1-2.

FL proposal 8.1-2:
Support new reporting of CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).
· One IMR occasion is associated with a CQI-only reporting instance. 
· FFS association of more than one IMR occasion to a CQI-only reporting instance. (Case 1-5, Case 1-1)
· Rel-15/16 CQI reporting formats are at least supported for CQI-only reporting instance. FFS if one or more of the following new formats are also supported:
· Mean and stdev CQI/SINR (Case 1-1)
· Worst-M CQI (Case 1-6)
· 3-bits differential or 4-bits subband CQI (Case 1-8)
FFS the following
· One IMR occasion is associated with a CQI-only reporting instance. 
· FFS association of more than one IMR occasion to a CQI-only reporting instance. (Case 1-5, Case 1-1)
· if one or more of the following new formats are also supported:
· Mean and stdev CQI/SINR (Case 1-1)
· Worst-M CQI (Case 1-6)
· 3-bits differential or 4-bits subband CQI (Case 1-8)


	Mediatek
	No
	Regarding FL proposal 8.1-2, the reported evaluation results (by two companies as copied below) for Case 1-11 shows performance degradation compared to R16 baseline. The result in R1-2102352, which mentioned in the FL summary, is actually evaluates “fast CSI feedback”. 
So, given that all the results show that partial information update leads to performance degradation, we can’t accept proposal 8.1-2.
R1-2102739
	[bookmark: _Hlk68626193]Scheme/Scenario
	Report periodicity (ms)
	Rel-15 enabled AR/VR
(OLLA OFF)
	Rel-15 enabled AR/VR
(OLLA ON)

	Baseline
	2
	98.6
	100

	Baseline
	20
	91.4
	99.5

	Case 1-1
	2
	100
	100

	Case 1-5
	20
	85.7
	99.5

	Case 1-6
	2
	98.6
	100

	Case 1-8 (3-bits)
	2
	97.1
	100

	Case 1-8 (4-bits)
	2
	97.1
	100

	Case 1-9
	2
	97.1
	100

	Case 1-8 (3-bits) +Case 1-9
	2
	97.1
	100

	Case 1-11
Int. update only
	2 (CQI)
20 (Full)
	90.5
	99.0



R1-2102522
	Schemes
	Percentage of UEs satisfying BLER reliability requirement
	Resource utilization

	Scheme 1(10ms)
	98.25%
	48.19%

	Scheme 1(40ms)
	67.22%
	77.45%

	Scheme 2-0
	70.87%
	56.34%

	Scheme 2-1
	89.13%
	52.43%




	Vivo
	
	Regarding the evaluation results for Case 1-11 in R1-2102739, it should be noted that only interference is updated for the CQI-only reporting instance, which is different from the definition of Case 1-11.
Regarding the evaluation results for Case 1-11 in R1-2102522, we would like to further clarify the evaluation results for Case 1-11.
We have provided and compared the simulation results for the following cases. 
· Scheme 1 (10/40 ms for full CSI): full subband CSI report including CQI/PMI/RI with 10 ms or 40 ms periodicity
· Scheme 2-1 (10 ms for CQI-only and 40 ms for full CSI): full subband CSI including CQI/PMI/RI is reported with 40 ms periodicity. CQI-only is reported with 10 ms periodicity conditioned on a previous reporting instance containing RI/PMI. 
It should be noted that scheme 1 with the shortest periodicity, i.e. 10 ms can achieve the best performance among all the schemes since gNB can obtain the full CSI every 10 ms.
· When baseline is scheme 1 with 10 ms full CSI report, performance of scheme 2-1 is lower than that of scheme 1. This is because CQI-only is reported with 10 ms assuming previous PMI/RI within the 40 ms, while CQI/PMI/RI is reported with 10 ms for scheme 1 (10ms for full CSI). However, scheme 1 with short periodicity requires large overhead and UE computation effort to obtain the CQI/PMI/RI.
· When baseline is scheme 1 with 40 ms full CSI report, it can be seen that scheme 2-1 can achieve better performance than that of scheme 1 (40ms for full CSI). Hence, CQI-only reporting conditioned on previous PMI/RI can be beneficial in terms of the performance, with relative low computation effort.
Whether or not the performance gain can be observed depends on the baseline assumption. We believe this is also true for other CSI enhancement schemes.

	Schemes
	Percentage of UEs satisfying BLER reliability requirement
	Resource utilization

	Scheme 1(10ms)
	98.25%
	48.19%

	Scheme 1(40ms)
(40 ms for full CSI)
	67.22%
	77.45%

	Scheme 2-0
	70.87%
	56.34%

	Scheme 2-1
(10 ms for CQI-only and 40 ms for full CSI)
	89.13%
	52.43%




	Huawei
	
	We are supportive to case 1-11 but if the group wants to specify additional schemes then we are also open for that. 

At this stage we agree with vivo that we should not try mix schemes under one framework. This is very difficult and could result into side effects that are difficult to anticipate. We think it is a cleaner approach to take a high level agreement which schemes to support. This is especially valid for case 1, where the different schemes intend to solve different issues.

Yesterday in the GTW Paul proposed to agree on case 1-11. One benefit of this scheme is that partial CQI update can reduce the UE processing time and therefore allows to shorten the time gap between channel measurement and the instance when it can be applied.

The schemes under case 1 are not mutual exclusive. We think that rather than debating between them, we could spent our time to specify multiple schemes. We think this is feasible and will also result into a better outcome of this WI.

Regarding the proposal 9.1-1, we suggest to merge it with case 1 and have one common proposal for case 1 and case 2. 

So our suggestion would be the following proposal.

Potential proposal: For CSI enhancements in Rel-17

· Support new reporting of CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).
· FFS: The CQI processing time is reduced compared to Rel-16 CSI processing delay

· Support at least one additional case 1 scheme for CSI enhancement, e.g.
· Mean and stdev CQI/SINR (Case 1-1)
· Worst-M CQI (Case 1-6)
· 3-bits differential or 4-bits subband CQI (Case 1-8)
· FFS further scheme(s)

· For new reporting Case 2, continue study focusing on reporting of (delta) CQI/MCS/SINR (Case 2-3).

It would be great to hear the views from others about the proposal above. Would this be an acceptable way forward?


	Mediatek
	
	Regarding your comment “Whether or not the performance gain can be observed depends on the baseline assumption”, the baseline should be what can be achieved with R16. We don’t see it as meaningful to use bad configuration to show some gains. In the results you provided, R16 (with 10ms periodicity) is outperforming Scheme 2-0 & Scheme 2-1 in terms of percentage of satisfied UEs and resource utilization.
In addition, if you compare Scheme 1(10ms) with Scheme 2-1, the results clearly show that partial information update degrade the system’s performance. Both schemes report every 10 ms, but Scheme 2-1 provides partial CSI update. Hence, there was negative performance impact.

	Schemes
	Percentage of UEs satisfying BLER reliability requirement
	Resource utilization

	Scheme 1(10ms)
	98.25%
	48.19%

	Scheme 1(40ms)
(40 ms for full CSI)
	67.22%
	77.45%

	Scheme 2-0
	70.87%
	56.34%

	Scheme 2-1
(10 ms for CQI-only and 40 ms for full CSI)
	89.13%
	52.43%




	Vivo
	
	We acknowledge that in our evaluation scheme 1 (with 10 ms periodicity) outperforms the partial update scheme 2-1/2-0. In fact, we assume 4-bits subband CQI (not really Rel-16 method) for scheme 1, which will have the best performance when the report interval is not smaller than that for scheme 1. 
If we don’t care about the overhead and complexity, scheme 1 with short periodicity i.e. full 4-bit subband CSI reporting, is definitely desirable. But we do need to consider the overhead and complexity when designing the enhancement for CSI. As Thorsten pointed out, one benefit of this scheme is that partial CQI update can reduce the UE processing time and therefore allows to shorten the time gap between channel measurement and the instance when it can be applied. We think that is the main motivation for Case 1-11.

Thanks again for the focusing on the evaluation results and the discussion is very helpful for better understanding. 
For the proposal, we think Thorsten’s suggestion is a good point and the update from Thorsten can be good way forward for further discussion. Let’s hear more views from other companies.

	ZTE
	
	Regarding the case 1-11 in the main bullet, we think maybe we should first clarify the reduced CSI processing timeline. Since this scheme is beneficial in terms of the more accurate MCS selection only if the CSI timeline is reduced for this CSI report in our understanding. But we are not sure if we can make progress on the timeline considering that it is really a complicated issue.  
Regarding the remaining parts, we are fine with either the suggested proposal from FL or the updates from Xiaohang. 
Below is the updates on top of the Xiaohang's version with incorporating the updates from Thorsten.
FL proposal 8.1-2:
Support new reporting of CQI only if the CQI processing timeline is reduced, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).
· One IMR occasion is associated with a CQI-only reporting instance. FFS: The CQI processing time is reduced compared to Rel-16 CSI processing delay
· FFS association of more than one IMR occasion to a CQI-only reporting instance. (Case 1-5, Case 1-1)
· Rel-15/16 CQI reporting formats are at least supported for CQI-only reporting instance. FFS if one or more of the following new formats are also supported:
· Mean and stdev CQI/SINR (Case 1-1)
· Worst-M CQI (Case 1-6)
· 3-bits differential or 4-bits subband CQI (Case 1-8)
FFS the following
· One IMR occasion is associated with a CQI-only reporting instance. 
· FFS association of more than one IMR occasion to a CQI-only reporting instance. (Case 1-5, Case 1-1)
· if one or more of the following new formats are also supported:
· Mean and stdev CQI/SINR (Case 1-1)
· Worst-M CQI (Case 1-6)
· 3-bits differential or 4-bits subband CQI (Case 1-8)

	Qualcomm
	
	We are in general fine with the spirit of FL’s proposal showed in GTW, which is a good direction for further study. We just have one comment, we think the maturity level of case 1 and case 2 are similar. We don’t see that in case 1, we are ready to go ahead to decide “support” case 1-11, while in case 2, we just continue to study case 2-3, as we don’t see the study of case 1-11 is more mature than case 2-3. Actually, as MTK pointed out, the simulation results of case 1-11 needs some discussion. We are OK to continue study focusing on these two cases. 

A side comment regarding the proposals from companies, in general it looks a little ad hoc. Particularly, the proposal from Hisilicon is not acceptable to us. We don’t see the motivation to agree at this point supporting 2+ schemes in case 1 while just continue to study case 2.

	LG
	
	We are fine with the FL proposal. 
It should be common understanding that the smaller gap between measurement and report would bring better performance. For supporting additional scheme, it would be difficult to decided on “how many scheme can be supported additionally” and “which scheme needs to be supported”. It would be repetition of RAN1#104-e. 
On the other hands, current proposal takes case 1-11 as a baseline, which give us criteria for upcoming decision. We think it is more better way.

	Samsung
	
	Agree with the comment from Qualcomm. The proposal from the GTW session is generally acceptable – the update proposal above is not. Also fine to follow Qualcomm’s suggestion and revise the proposal as follows.
FL proposal 8.1-2:
Study support of new reporting of CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).

	HW/HiSI
	
	The original GTW proposal is also acceptable for us. 
But if we now switch “support” to “study”, what progress have we then made? We have already agreed to study these schemes that are now under discussion.  

	Intel
	
	We think the main bullet to support CQI-only reporting does not capture the commonalities between schemes which were showing benefits by simulations. To us, calling the mean/std reporting to be “CQI-only” reporting looks artificial.
We are fine to formulate the proposal in an “umbrella” manner to cover more than one Case 1-x scheme. In that sense, something like:
· Support explicit enabling/disabling of filtering of measurements on CSI-RS/IM occasions in time and/or frequency domain
· FFS the filtering scheme(s): Mean, StdEv, Worst sub-band(s), Selective reporting, etc.
FFS other details

	Hw/HiSi
	
	It get the impression that the proposals are now diverging a lot and my feeling is that it will be difficult to achieve consensus during the next GTW, maybe a small step forward would be to agree on which schemes to support (if any at this stage), study further or not support. At least for the schemes not to support, we could for example follow the FL guidance in section 8.2. and 9.2 of the summary.
Then, we have more time for more discussion and converge further on the next checkpoint.

	Lenovo, Motorola Mobility
	
	In our view, it would be good to check how much reporting CQI only can reduce CSI computation delay (e.g., from CSI computation delay requirement 2 to CSI computation delay requirement 1?) before deciding to support Case 1-11.

	Futurewei
	
	Not support FL proposal 8.1-2 in its current form.  It has been pointed out by companies that simulation results show that performance of Case 1-11 is actually worse than baseline.  On the other hand, we have shown in our contribution R1-2102759 that Case 1-3 (interference statistics) achieves a 35% performance gain over the baseline.  Furthermore, we also showed that Case 1-3 achieves a 14% performance gain over Case 1-1 (SINR statistics).  However, in Proposal 8.1-2, Case 1-3 with better performance was excluded from the list of support/FFS while other schemes with worse performance were selected.  In our opinion, this kind of selection process is unfair, not technical-based, and should be avoided.
We suggest the group should spend more effort on comparing performance of different schemes based on available simulation results.  The group can then make decision on schemes for supporting and/or FFS based on these performance comparisons.         

	Apple
	
	It seems the simulation results don’t lead to the conclusion of supporting 1-11.

	Spreadtrum
	
	We support the main bullet and first sub-bullet. It is a good achievement. Case 1-11 is the one has the most supporters considering this specification impact and complexity. 
For second sub-bullet FFS point, it would be better to separate them a part from Case 1-11. Since we don't achieve a common understanding wether or not to support them. It is even harder to combine them with Case 1-11 together. So our suggestion is the other Cases can be studied in another proposal.

	Quectel
	
	We are in principle fine with FL’s proposal. We also tend to agree with Huawei that at this stage it may be difficult to converge on the support of certain schemes.To narrow down the checklist could be a way forward at this point.

	CATT
	
	We agree with the comments from other companies that it is difficult to agree to support a scheme at this point.

	OPPO
	
	We agree with FL’s proposal 8.1-2, except the first bullet. To our understanding, Rel-16 already supports the association of one single IMR and multiple IMRs to a CQI report. There is no sufficient technical motivation to promote one over the other at this stage. The whole bullet relating to IMR can be FFS or simply removed. 



Following initial comments, moderator proposes to check if following FL can be agreeable as a first step:
FL proposal 8.1-3:
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
Question 2-3: Please indicate whether FL proposal 8.1-3 is acceptable:

	Company
	Yes/No
	Comments

	QC
	No
	We still prefer the original FL proposal with minor modification to use the similar wording as for case 2. In our view, the original FL proposal can achieve more progress than the current proposal, because it narrow down to prioritize future study to a single scheme. 
For case 1, continue study focusing on new reporting of CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).

	Apple
	Yes
	

	DOCOMO
	Yes
	

	ZTE
	Yes
	

	Quectel
	Yes
	

	CATT
	Yes
	

	OPPO
	Yes
	



E-mail discussion (3rd round) for Topic #2
From the comments in earlier round, some companies have concerns with 8.1-1 and 8.1-2 because they are not convinced about the performance of Case 1-11 scheme used by itself even though there are benefits in terms of implementation complexity, UL overhead reduction and potential for reducing CSI latency leading to more accurate MCS selection. To address these concerns, one possible way forward is to agree on supporting an additional scheme that has shown strong performance based on evaluations. 
As explained in section 8.2, Case 1-1 has been evaluated by many companies and showed benefits not only in terms of overhead reduction but also in terms of satisfied UEs and/or resource utilization in most of the evaluations. Case 1-3, which is also based on statistical approach, showed even more benefit though it was evaluated by a single company. The down-selection between Case 1-1 and Case 1-3 can be left FFS.
FL proposal 8.1-4: Support the following for new reporting Case 1:
· Reporting of CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).
· Reporting of metric from measurement over multiple IMR instances (at most one of the following options is supported): 
· Case 1-1: Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Case 1-3: Interference standard deviation (FFS details)

Question 2-4: Please indicate whether FL proposal 8.1-4 is acceptable:
	Company
	Yes/No
	Comments

	Samsung
	No
	The first sub-bullet is acceptable. The second sub-bullet is not acceptable.
What statistical model is the interference assumed to follow and, even if there was one, how would statistics help with 10-5 target BLER?
As repeatedly discussed, it is not possible to map SINR to MCS. Also, it is unclear what additional information mean-CQI and stdev-CQI can provide over RSRP/RSRQ and over SRS receptions and usual CSI reports. 

	OPPO
	No
	We are not ok to have 2nd bullet in the proposal. 
Agree with Samsung’s comments. In addition, it is a bit strange to define two CSI reporting mechanisms for the same URLLC scenario, where the two schemes take the somehow opposite directions: one offers nearly-instant CSI information, while another offers statistical CSI information that is averaged over quite some samples. Is the intention here to configure a UE to work with two schemes at the same time for a complemental functionality? If yes, it may not bring any computation reduction here; if not, it looks a redundant – one scheme is enough.  
According to FL comments, the reason to add statistical method is due to the “strong performance shown in evaluation”, but the negative cons listed in section 8.1.1 and 8.1.3 are also a lot.  

	ZTE
	
	For the first sub-bullet, we still prefer to add the condition that ‘only if the CQI processing time is reduced’ since the benefit on more accurate MCS selection only comes from the fast CSI report. 
For the reporting of the metric from measurement over multiple IMR instances, we think case 1-5 should also be added as a candidate solution. Because the worst CQI over multiple IMR instances can provide the lower bound of the channel condition such that the network can ensure the reliability of the PDSCH for URLLC due to the conservative scheduling while avoiding the too low MCS leading to the waste of resource . In other words, it avoid too high and too low MCS, which is exactly the objective. In addition, the performance gain is shown in the simulations provided by us and other company. Even though there is no performance gain observed from some simulations, we think the details on the simulation should be clarified and aligned. We can further study it. 

	Ericsson
	No
	We can not support first bullet (Case 1-11). We can accept second bullet (Case 1-1, 1-3).
We have emphasized that Case 1-11 can be used as a supplementary feature to another scheme to reduce UE processing burden (used together with Case 1-1 for example), but not to be adopted by itself.
· If the new reporting is CQI only, how is RI/PMI reported? Is it required to have an additional CSI report configuration?
· If CQI and RI/PMI are w.r.t different configs this will deviate from Rel-15 CSI principle of self-contained CSI feedback and likely cause a lot of spec impact.
· LTE had components being reported at different times which caused a complicated spec. So spec complications are likely even if CQI and RI/PMI are w.r.t same config as well.  
· CQI-only seem quite close to what could be achieved using Rel-15 mechanisms. It’s not clear what’s the benefit of Case 1-11 over the existing mechanism. Exemplary Rel-15 mechanism:
· First CSI reporting of RI/PMI/CQI
· Second CSI reporting configured with non-PMI based feedback (typically used for reciprocity-based precoding)
· CSI-RS pre-coded according to reported PMI
· UE determine CQI based on the pre-coded CSI-RS

	QC
	NO
	For the first bullet, we are in general OK. But as we commented in 1st round of email discussion, the study on case 1-11 and case 2-3 are on the same mature level, both should be “focus study”. 
For the second bullet, same view as Samsung and OPPO, second bullet is not acceptable to us. No clear benefit of these two schemes over other schemes is demonstrated to justify support/specify these two schemes.  

	MediaTek
	No
	We can’t accept the first bullet (Case 1-11). As the results shown, and it was clear from the technical discussion in this meeting, this scheme has performance degradation. In it not clear to us why the proposal is not based on the technical discussions and evaluation results.
Also, the second bullet is not acceptable. We have already shown that scheduling based on worst-case scenario (e.g. using only worst SB-CQI) has significant system impact.

	Vivo
	
	We are fine with the first bullet.
For the second bullet, it is not acceptable. We have similar view as Samsung and OPPO. The benefits for these schemes need to be further clarified/justified.

	CATT
	No
	Similar as for Case 2, the proposal should be “focus study on” and we prefer to remove the second bullet.

	Quectel
	No
	We are OK with the first bullet.
We have concern on the second bullet. The SINR-MCS mapping is UE implementation dependent. Consequently, the reporting of SINR or interference can not truly reflect the MCS that a receiver can process. If a certain SINR-MCS mapping is defined by specification, it will largely restrict the UE implementation or some kind of pre-compensation may be required for the UE implementation, which are not preferred.

	Nokia
	
	We see that some companies think that only case 1-11 can be supported. We have the opposite view; we do not think that agreeing only to Case 1-11 is solving anything. This is just the lack of technical discussion within RAN1. Companies seem to support the same feature again and again simply because it is easier to agree. 
We should improve the CSI reporting mainly due to fluctuation of the interference and that seems to be a common understanding of companies, which we agree that as a valid concern. 
We have technical justification as below. 
· if timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements are not configured, it is possible for a UE to compute CSI quantities based on multiple interference and/or channel measurements. But the problem is there is no control at the network side, which IMRs/CMRs are actually used by the UE as measurement instances. 
· Network can fix this up to some extent with timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements configured, then the UE to compute CSI quantities based on latest interference and/or channel measurements. However, this does not capture fluctuations of the interference over time. 
· We wish to have one extra step on controlling the UE to measure multiple interference and/or channel measurements that network wishes to be considered in CQI computation. This is one missing option we see in the system operation. 
· So the minimum we like to have is not frequent CQI reporting, but reporting CQI with the controlled intervals interference and/or channel measurements.
FL proposal 8.1-4: Support the following for new reporting Case 1:
· Reporting of CQI, where CQI shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection.  
· Reporting of CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).
· Study Reporting of metric from measurement over multiple IMR instances (at most one of the following options is supported): 
· Case 1-1: Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Case 1-3: Interference standard deviation (FFS details)


	HW/HiSI
	
	Oppo, ZTE: want to have a clear distinguishment between the schemes and pointed out that 1-11 is especially useful when CSI processing is reduced to deliver instant CQI.
QC, CATT,  wanted to turn the proposal from “support” into “study” to be equivalent with case 2. 
MTK is questioning the performance of some schemes. On 1-11 they are saying that the technical discussion has shown a performance degaration and are referring to the vivo simulation. We do not share this opinion. Firstly, the vivo simulation did not consider reduced processing time reduction yet, and secondly it compares the performance towards an upper bound that includes features that are not possible with Rel-16. Therefore, this cannot be seen as a performance degration.  
And E/// prefers to support of the second bullet.
Taking all the comments above into consideration, we think one possible WF could be the following and then we could discuss about the part in brackets from the main proposal..
proposal 8.1-4: [Focus the continued study on] Support the following for new reporting Case 1:
· Reporting of CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).
· The CQI processing time is reduced compared to Rel-16 CSI processing delay
· Reporting of metric from measurement over multiple IMR instances (at most one of the following options is supported): 
· Case 1-1: Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Case 1-3: Interference standard deviation (FFS details)

	DOCOMO
	
	Thanks HW/HiSi for summarizing the situation. We support the updated proposal by HW/HiSi. Although the progress will become smaller than the original proposal, it seems only the way we can move forward now.

	Sony
	No
	1st sub-bullet on Case 1-11:
Reading the responses from MediaTek & vivo, I agree with MediaTek’s observations.  Vivo showed that the proposed scheme did not perform better than what we already have.  This is probably not a surprise since the proposed scheme used only partial measurements (i.e. only IMR).  Also, E/// pointed out that if network wants UE to use IMR for its CQI, it can already do this in Rel-15.
Also it isn’t clear what it means by “CQI is conditioned on a previous reporting instance containing RI/PMI”.  What is this conditioning?  This doesn’t describe the method vivo proposed in T-doc R1-2102522.  The T-doc suggested that the CQI used only IMR, and so it isn’t clear what part of RI/PMI is used in this conditioning in FL Proposal 8.1-4.
2nd sub-bullet on Case 1-1 and Case 1-3:
Is the aim here to down select between two proposals on reporting statistical information?  It would be good to make it clear the intention.

	MediaTek2
	
	Response to HW/HiSi comments:
There are two companies that shown the performance will be degraded with partial information update. The results provided by HW/HiSi (R1-2102352) doesn’t show what is the impact of partial information update because:
1. Faster CSI processing time is assumed.
1. The interference is assumed to be known to the scheduler. From my reading to R1-2102352, the interfering BSs transmit NZP-CSI-RS at slot n to announce that DSCH that is going to be transmitted at TTI n+x. The UE reports the CSI based on this NZP-CSI-RS, and the gNB will know “exactly” (with small channel changes) the interference level at TTI n+x. In our view, the assumption of knowing exactly where/when the interfering BSs will transmit is unrealistic assumption, and this could be the reason why you observe significant gain for faster CSI processing.
	The interfering BSs transmit the NZP-CSI-RS to simulate (or to announce) the PDSCH that is going to be transmitted at TTI n+x. The NZP-CSI-RS will have the same transmit power, resource allocation, and precoding matrix as the scheduled interfering PDSCH will have at TTI n+x. If the channel remains stable during the x symbols, then the UE in the service area can utilize the NZP-CSI-RS at TTI n to calculate and to report the expected interference that will be caused by the PDSCH at TTI n+x. The serving gNB can utilize the CSI report from TTI n to schedule the PDSCH transmission for the URLLC UE at TTI n+x. We performed a simulation to evaluate the performance of this pre-scheduling approach. The concept is shown in Figure 1 below. In that example, NZP-CSI-RS 1 is transmitted at T1, which is used for simulating PDSCH 1 transmission at T2. If the channel is varying slowly, the UE can obtain the accurate interference caused by PDSCH 1 already at Time T1. 
In the simulation, the time difference between TTI n and TTI n + x is set to 1ms and the results are shown at the end of this section in Tables 3, 4 and 5.  
[image: ]
Figure 1- Scheduling diagram in the simulations





	Intel
	
	We can agree on the proposal in principle, which may be a compromise for the group.
The first sub-bullet, however, needs to be made clearer, as pointed out by Sony.
Also we are supportive of Nokia’s modifications.

	LG
	
	Given this situation, we think Huawei/Hisilicon’s modification would be reasonable way to go. 

	Moderator
	
	@Samsung, Quectel: For the second bullet, my understanding is that the intention is that the UE implementation reuses the same measurement from which usual CQI is derived, but calculate mean/stdev before quantizing. Benefit over receiving lots of frequent CQI reports (and/or other measurements) would be that the tail of distribution is better characterized. However, proponents of Case 1-1 should provide additional details for continuing study.
@OPPO: As I indicated in section 8.1, there seems to be two broad “views” of bringing benefits (better MCS selection for URLLC) in the group. One is as described in Nokia comment. The other is to decrease processing time and/or reduce quantization error. The best approach might depend on how the scheduler operates and/or scenarios.
@ZTE: OK to add Case 1-5.
@Ericsson: I think it would be good to clarify your view of how 1-11 and 1-1 might work together, as this might help progress.
@Qualcomm (and Vivo, CATT): OK to change “support” to “focus study” since it seems we are not ready to agree.
@Mediatek: for the second bullet, most evaluations reported a gain.
@Nokia, Intel: OK to add bullet on configured measurement interval since it is a building block to statistical approach. I try to merge it with second bullet since it is otherwise a bit redundant.
@Huawei, DOCOMO, LG: OK to add subbullet on reduced CQI processing time.
@Sony, Intel: “conditioned” has the same meaning as in 38.214, section 5.2.1.4. Do you have suggestion for better wording? I also clarify that the aim is downselection for second bullet.



The following updated proposal 
FL proposal 8.1-5: Focus study on the following for new reporting Case 1:
· Reporting of CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI (Case 1-11).
· The CQI processing time is reduced compared to Rel-16 CSI processing delay
· Reporting of CQI/metric, where CQI/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 from the following options:

· Case 1-1: Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Case 1-3: Interference standard deviation (FFS details)
· Case 1-5: CSI based on worst IMR occasion (FFS details)

Question 2-5: Please indicate whether FL proposal 8.1-5 is acceptable:
	Company
	Yes/No
	Comments

	MediaTek
	No
	Without including Case 1-8, we can’t accept the proposal. Several companies have shown meaningful gains with more accurate Case 1-8 and the it has minimum specs and UE implementation impact.
@Moderator: form the email discussion after RAN1#104e [R1-2102749], the majority of the companies interested to continue study Case 1-8. How come you are not willing to include this scheme for further study!
	[R1-2102749], Case 1-8 Summary of cpmpanies views:
Implementation impact: all companies think impact is low.
Specification impact: all companies think impact is low.
Testability: no company has concern.
Maturity: all companies think it is mature.
Interest in continuing study: majority (6-1) are interested to continue study





	Nokia
	partly
	Suggest to following formulations without stating any case names. People know then what is this CQI-only. 
CQI-only does not make sense as a solution for accurate CQI feedback, but something that we can live with if a proper CSI reporting scheme is agreed. 

FL proposal 8.1-5: Focus study on the following for new reporting Case 1:
· Reporting of legacy-CQI/metric, where legacy-CQI/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 one metric from the following options:
· Case 1-1: Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Case 1-3: Interference standard deviation (FFS details)
· Case 1-5: CSI based on worst IMR occasion (FFS details)
· If the above enahcement for legacy_CQI is supported, reporting of CQI only (i.e. CQI is the reportQuantity in CSI-ReportConfig), where CQI is conditioned on a previous reporting instance containing RI/PMI/ (CRI when applicable) (Case 1-11).
· FFS: the CQI processing time is reduced compared to Rel-16 CSI processing delay


	Futurewei
	Yes
	To make progress, we are ok with FL’s proposal 8.1-5.  
Below we also provide responses to comments raised by some companies in their responses to Question 2-4.
@Samsung: SRS is transmitted on the UL for gNB’s reception and it could help gNB on UL interference measurement.  However, we are discussing DL reception at the UE side here, and SRS reception on UL won’t help the DL interference measurement as the DL and UL transmission status are totally different.  Regarding the gNB-implementation-based case where the gNB utilizes the CQI reports for statistic estimation, our initial simulation results show that Case 1-3 provides a significant performance gain (around 30%) over the gNB-implementation-based scheme.
@Oppo: It seems it is a common understanding of companies that the reason to improve CSI reporting is because of the variation of the interference.  The “nearly-instant” CQI information may provide more up-to-date information on the signal part.  However, due to the significant variation of the interference in URLLC traffic, the interference varies significantly from the time the CQI is measured and reported to the time the actual PDSCH transmission occurs, therefore there is still a big gap between the “nearly-instant” CQI and the real channel state at the PDSCH transmission.  The interference statistic info (e.g., interference standard deviation reported by the UE in Case 1-3) will give gNB information to combat this interference variation.   
@Qualcomm, MediaTek, Vivo: Please see our responses to Samsung and Oppo above.

	Ericsson
	Partial
	For FL proposal 8.1-5, our position is still the same, i.e., we cannot support 1st bullet, and we can live with 2nd bullet. For progress, we suggest changing the first bullet to: “Reporting of Updating CQI only, where CQI is conditioned on a previous reporting instance containing RI/PMI calculation (Case 1-11).” Further study: how to report the updated CQI.
In our view, RI/PMI/CQI should be reported together and the current CSI configuration framework should continue to apply. When using Case 1-1, the existing CQI in the CSI report is replaced with statistical CQI, i.e., without removing RI/PMI. 
Regarding using Case 1-1 together with 1-11, the intention is that 1-11 is used in the process of generating the statistical CQI. As described in our simulation set up, we used this exemplary procedure:
· UE determine RI/PMI based on CSI-RS and CSI-IM (potentially with interference filtering). Then for consecutive CSI-IM instances, only CQI is determined conditioned on the determined RI/PMI. RI/PMI/statistical_CQI are reported. See illustration below.
[image: ]
This procedure has the benefits of Case 1-11, i.e., reduced UE computation burden and shorter computation delay. It also has the performance benefit of statistical CSI, as shown in our simulation results.

	Samsung
	
	Although regressing by adding more cases to the original Case 1-11, the proposal can be acceptable provided that it is made clear that the down-selection will be for at most one of the added cases – i.e. “Downselect at most one from the following options”. We do not agree to the proposal if it is to be interpreted that RAN1 agrees to specify at the end of the study one of the 3 listed cases. At the moment, there is no reason in our opinion to downselect/specify any of them, especially 1-1 or 1-3. 
@FUTUREWEI: Yes, the gNB cannot estimate DL interference from the SRS but that is not what was said. What was said was “Also, it is unclear what additional information mean-CQI and stdev-CQI can provide over RSRP/RSRQ and over SRS receptions and usual CSI reports”. 

	OPPO
	Yes. 
	We are curious what the intention is to have the sub-bullet under the 1st bullet: “The CQI processing time is reduced compared to Rel-16 CSI processing delay”. Is it a condition or target of the further study? What guidance does it provide to further study? 
We would like to second Samsung’s comment for the “Down-select at most one”. 

	QC
	Partial Yes
	Although we have concerns for case 1-1 and 1-3, for progress, we are OK to further study them.
For case 1-1, regarding reporting CQI statistics, why only report mean and std, why exclude CQI autocorrelation cross different IMR, which could reflect variation of IMR. We are not proponents of case 1-1, but if this case 1-1 is included for further study. We request to add “Case 1-1: Mean-CQI/SINR, and stdev-CQI/SINR, and autocorrelation of CQIs (FFS details)”
Agree with Samsung regarding the comment on “Downselect at most one from the following options”
Regarding this “The CQI processing time is reduced compared to Rel-16 CSI processing delay” – We admit the CQI processing time might be reduced with CQI only report. However, at this point, without careful study, we are not ready to agree on the bullet. We suggest change it to “FFS: whether the CQI processing time can be reduced compared to Rel-16 CSI processing delay”

	ZTE
	Yes
	We are fine with the proposal.
We also have the same question as OPPO. The clarification of the intention would be helpful.

	HW/HiSi
	Yes
	We think that this is an agreeable compromise and gives further guidance to the continued study of schemes.
Regarding adding 1-8 as commented by MTK, we think that it could be fine to include since it is intending to enhance the accuracy of the report itself. In that case there are some schemes that target to improve the measurement and a scheme that targets to improve the accuracy of reporting the result.
ZTE and and Oppo asked about the intention of reduced CQI processing time. We think that partial CQI update simplifies the UE implementation and therefore allows for shorter CQI processing times than currently are defined. We think there is a general room for an improvement and especially the numbers for the current sub-band CQI report could be reduced significantly. This will help to reduce the time between the when the measurement is done and when it is applied.

	Moderator
	
	@Mediatek: this email discussion was before the meeting. Companies have since made their evaluations and submitted input to this meeting (please refer to section 8.2 for the status).
@Nokia: I understand your comment as meaning that we need configured channel and interference measurement interval to support Case 1-11, which seems reasonable. I rearranged a little bit for readability (also change legacy- to R16-). OK to not name the Cases.
@Ericsson: Thank you for suggestion for progress. I made the changes you suggested in the updated proposal.
@Nokia, Samsung, Oppo, Qualcomm: clarified that we support only one of the listed metric
@Futurewei: Thanks for the support.
@Qualcomm: I believe we agreed not to study anymore CSI expiration time (which is purpose of CQI autocorrelation). I would prefer not to reopen that discussion.
@Nokia, OPPO, Qualcomm, ZTE: Added FFS for the CQI processing time reduction.



Considering the comments, the FL proposal is updated to the following:
FL proposal 8.1-6: Focus study on the following for new reporting Case 1:
· Reporting of R16-CQI/metric, where R16-CQI/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 at most one metric from the following options:

· Case 1-1: Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Case 1-3: Interference standard deviation (FFS details)
· Case 1-5: CSI based on worst IMR occasion (FFS details)
· Reporting of Updating R16-CQI only (i.e. CQI is the reportQuantity in CSI-ReportConfig), where CQI is conditioned on a previous reporting instance containing RI/PMI/(CRI) calculation (Case 1-11).
· R16-CQI is determined based on network configured channel and interference measurement interval (as per first bullet)
· FFS: how to report the updated CQI
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay

E-mail discussion (4th round) for Topic #2
FL proposal 8.1-6 was presented in 3rd GTW session for URLLC. There were concerns about the first sub-bullet of the second bullet, editorial comments on the first bullet, and that the proposal does not include Case 1-8. In addition, since there was not much time to review the proposal before the GTW, Mr. Chairman suggested to have additional discussion by email.
Considering the comments, the FL proposal is updated to the following. An additional bullet to include Case 1-8 is included. Changes from the version presented in GTW are shown in red.
[bookmark: _Hlk69432488]FL proposal 8.1-7: Focus study on the following for new reporting Case 1:
· Reporting of new metric/R16-CQI, where new metric/R16-CQI shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. Downselect at most one metric from the following options:

· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Interference standard deviation (FFS details)
· CSI based on worst IMR occasion (FFS details)
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI)
· Updating R16-CQI only (i.e. CQI is the reportQuantity in CSI-ReportConfig), where CQI is conditioned on a previous instance containing RI/PMI/(CRI) calculation.
· R16-CQI is determined based on network configured channel and interference measurement interval (as per first bullet)
· FFS: how to report the updated CQI
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay

Question 2-6: Please indicate whether FL proposal 8.1-7 is acceptable:
	Company
	Yes/No
	Comments

	Sony
	Yes (1st sub-bullet)
No (3rd sub-bullet)
	1st sub-bullet – Reporting new metric
We are fine with the 1st sub-bullet on reporting new metrics based on statistics.
3rd sub-bullet – Updating R16-CQI only
On the 2nd FFS of the 3rd sub-bullet (i.e. partial CQI update), the whole selling point of this partial CQI proposal is that UE can process the CQI faster because it uses only IMR for calculation.  It is strange that we agree on a scheme that did not show any gains over legacy scheme (in fact a lost) and the only argued advantage of it is now an FFS. 

	LG
	Yes with some modification
	For R16-CQI, we think it seems premature to decide details of CSI report structure. We would like to study new reporting quantity, not effect of combination between new-metric and R16-CQI. I would be better to specify only new-metric. For example,
Reporting of new metric/R16-CQI  CSI reporting including new metric
where new metic/R16-CQI  where new metric
For the bullet for case 1-8, we think it should be under the first sub bullet. 
For the last red marked bullet, we are fine with the removal. 

	MediaTek
	Yes
	We agree with Sony’s comment regarding the 3rd sub-bullet. However, given this is for further study, we are fine with it. At least we will hopefully see more results on the advantages (if any) of reducing CQI processing time.
@LG, case 1-8 doesn’t need to be under the 1st sub-bullet. Increasing granularity of SB-CQI can be applied to existing R15/R16 CQI reporting.

	Intel
	
	With adding more options we observe the following:
· Cases 1-1, 1-3, 1-5, 1-8, 1-11 are covered in this updated proposal
· Cases 1-2, 1-4, 1-9, 1-10 were ruled out earlier this week
It seems only Cases 1-6/1-7 are not considered for further study based on this proposal. May be we can also preclude them explicitly?

	Nokia
	Yes (partly)
	It is good that Intel found that some cases are missing. 
We do not think Worse-M CQI should be removed. That is the most simple design which showed good gains. As there are all the company proposals are still on the table, we suggest adding that. Otherwise, companies should give up on their proposals (which are included even without good simulation support) as well. 
· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Interference standard deviation (FFS details)
· CSI based on worst IMR occasion and/or M sub-bands (FFS details)

@Sony: “the whole selling point of this partial CQI proposal is that UE can process the CQI faster because it uses only IMR for calculation.”
We do not think there is any selling point on partial CQI without improving legacy CQI issues. So, we disagree technically with you on that. Anyways to improve partial CQI, we have a similar view as you that CQI should be determined based on one or more IMRs, but in network controlled manner. I think that is captured in the first bullet. Without that, partial CQI report follow legacy CMR/IMR measurement. I explained that with configuration details in the earlier reply. 
@Sony “It is strange that we agree on a scheme that did not show any gains over legacy scheme (in fact a lost) and the only argued advantage of it is now an FFS.”
CQI is the legacy scheme here, it is not any new metric (the same thing that you mentioned above on partial CQI). I think you missed the point on how CQI or any other CSI calculated based on CMR/IMR in legacy. Please check the earlier reply. 
@LG>>” it seems premature to decide details of CSI report structure.”
CSI reporting structure of NR is well known. We do not accept any changes on that other than reportQuantity, which is the legacy framework. Do you have any plans to add anything outside CSI-reportingConfig ? 
@LG>> ‘I would be better to specify only new-metric.”, 
As explained to Sony, legacy CQI will be there as it is not a new metric. If we are to support partial CQI with meaningful information, it requires at least multiple IMR instances, and we have to control the interval for CQI estimation. How do you think it works otherwise?
CQI should be determined and useful to network side with the existing NR framework. I provided details on NR restrictions, and it would be good you go down to details and check how these work. 
@MTek, LG >> sub-band CQI is well known and can be applied when needed. We are supportive of adding that bullet. 

	Hw/HiSi
	Yes
	I think it is good to see that differences between the comments are now much smaller than in earlier rounds. That is at least my impression and there seems to be a realistic chance that we can converge (maybe with some small deviations from the FL proposal, if so desired).   
Regarding the point brought up by Sony on the second FFS on the last bullet, we agree, but it does not seem to be decisive since the main bullet is for study and we think it would not make a difference for the continued efforts.
For the comments from LG and MTK about the placement of the bullet for “1-8”, we think MTK has a point, an improved accuracy in the representation of the report itself could be generally applicable.  
For the comment from Intel, to exclude other schemes explicitly, we think it could be discussed. But since the main bullet of this proposal is about “focusing the study”, we think excluding other schemes explicitly should be treated in a separate proposal. In our view, it could be reasonable to come back to that after the 8.1-7 is finalized and hopefully agreed.
Regarding the comment from Nokia, we can accept the addition of “and/or M sub-bands”. 

	Sony
	
	@Nokia: We do not think there is any selling point on partial CQI without improving legacy CQI issues. So, we disagree technically with you on that. Anyways to improve partial CQI, we have a similar view as you that CQI should be determined based on one or more IMRs, but in network controlled manner. I think that is captured in the first bullet. Without that, partial CQI report follow legacy CMR/IMR measurement. I explained that with configuration details in the earlier reply. 
The 1st bullet point on network controlled CSI-RS/IMR was removed in the 3rd sub-bullet proposal.  I thought the 3rd sub-bullet was Case 1-11 where a CSI report is sent with frequent CQI only reports (i.e. partial CQI) and less frequent CQI + RI/PMI/CRI, so that UE is not burden with higher processing task in trying to calculate/measure RI/PMI/CRI and the CQI only report needs only consider IMR.  If this is not the proposal in the 3rd sub-bullet please clarify what is the scheme being proposed.

	Samsung
	Yes 
	OK to progress and conclude with the latest proposal 8.1-7.

	Lenovo, Motorola Mobility
	
	We are fine with further study of the new metric. ‘Rel-16 CQI’ in the first bullet seems confusing to us, does it mean to potentially study joint transmission of new metric and Rel-16 CQI? Is down-selecting also applicable to one from Rel-16 CQI and the new metric? Wouldn’t be clearer to remove ‘Rel-16 CQI’ from the first bullet and modify the second bullet by “updating and reporting” as follows (purple changes)?

FL proposal 8.1-7: Focus study on the following for new reporting Case 1:
· Reporting of new metric/R16-CQI, where new metric/R16-CQI shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. Downselect at most one metric from the following options:

· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Interference standard deviation (FFS details)
· CSI based on worst IMR occasion (FFS details)
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI)
· Updating and reporting R16-CQI only (i.e. CQI is the reportQuantity in CSI-ReportConfig), where CQI is conditioned on a previous instance containing RI/PMI/(CRI) calculation.
· R16-CQI is determined based on network configured channel and interference measurement interval (as per first bullet)
· FFS: how to report the updated CQI
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay

	Nokia
	
	@Sony: I see your interpretation now. I think all bullets are still related to each other. Maybe we can clarify that. Before suggesting my changes to FL, see below the explanation I provided on why multiple IMR should not only be limited to new metric, then it may help to understand my suggestion.   
@Lenovo: your comment is also addressed with this explanation.  
· In NR, if timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements are not configured, it is possible for a UE to compute CSI quantities based on multiple interference and/or channel measurements. But the problem is there is no control at the network side, which IMRs/CMRs are actually used by the UE as measurement instances. 
· Network can fix this up to some extent with timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements configured, then the UE to compute CSI quantities based on latest interference and/or channel measurements. 
· Similar to the motivation you all have on the new metric to have multiple IMRs/CMRs, we should improve CQI reporting by controlling the UE to measure multiple interference and/or channel measurements that network wishes to be considered in CQI computation. This is one missing option in Rel-16 that can be easily introduced.  
@FL >> I suggest the following wording to avoid confusion on this. See green. 
FL proposal 8.1-7: Focus study on the following for new reporting Case 1:
· Reporting of new metric or R16-CQI, where new metric or R16-CQI shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. Downselect at most one metric from the following options:
· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Interference standard deviation (FFS details)
· CSI based on worst IMR occasion and/or M sub-bands (FFS details)
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI)
· Updating/reporting R16-CQI only (i.e. CQI is the reportQuantity in CSI-ReportConfig), where CQI is conditioned on a previous instance containing RI/PMI/(CRI) calculation.
· R16-CQI is determined based on network configured channel and interference measurement interval (as per first bullet)
· Note: The updating/reporting of Rel-16 CQI only can also use the network configured channel and interference measurement interval (multiple CMR and/or IMR instances) if that is supported to agree based on the first bullet.
· FFS: how to report the updated CQI 
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay

I assume the above remove any confusions on what I suggested before. 

	HW/HiSi[2]
	Yes
	As we said above in our first comment, we are still fine with the FL proposal. 
And for the sake of progress we are also fine to include to the “and/or M sub-bands” as proposed earlier by Nokia.
But we have a concern regarding the new comment from Nokia, where it is suggested to add a note to the last sub-bullet. In our understanding that would re-introduce the spirit of the “last-minute bullet” that was discussed and removed during Friday’s GTW. We think we should stick to the cleaner approach suggested by the FL and avoid to entangle the sub-bullets. 

	Nokia
	
	@HW >> We had the understanding that bullets are related to each other. But people interpreting them differently. We do not support partial CQI feedback if that can not utilize multiple IMR instances for updating CQI. That’s is what is clarified and explained using the NR spec limitations on CQI report. If you have concern with the note, we suggest deleting the third bullet all together. 
Also, there are no last-minute changes, we were suggesting this even in last few rounds of comments. Please check back. 

	OPPO
	Almost yes
	Starting at Nokia’s editing on 3rd bullet: Updating/reporting R16-CQI only (i.e. CQI is the reportQuantity in CSI-ReportConfig), where CQI is conditioned on a previous instance containing RI/PMI/(CRI) calculation.
We concern about the wording of “calculation”. Would gNB and UE have the same understanding regarding to when (which instance) the RI/PMI(CRI) is calculated in UE? Likely not. We prefer to replace “calculation” by “reporting” or at least “calculation/reporting”, and are also open to other wording but with no gNB-UE sync issue.  

	QC
	
	To Sony: regarding this comment “the whole selling point of this partial CQI proposal is that UE can process the CQI faster because it uses only IMR for calculation. It is strange that we agree on a scheme that did not show any gains over legacy scheme (in fact a lost) and the only argued advantage of it is now an FFS.” – We agree the main potential benefit of partial CQI is that it very likely could reduce CSI processing time. However, as a UE chipset vendor, before we check our HW/FW/SW implementation, we are not ready to make that commitment. And checking the implementation is the part of the FFS. 
To FL: a minor question for clarification: in our understanding, either the CQI/SNR mean/std, or interference mean/std is a new metric, it has nothing to do with Rel-16 CQI, why we include “/Rel-16 CQI” in the first bullet of the proposal?

	Ericsson
	
	· Overall, there is a tendency to put back various Case 1 schemes, e.g., 1-6, 1-8. We do not think this is good for progress. The proposal is already quite weak (“Focus study…”). The schemes without extensive support should not be added to the proposal. Rather, proponents can continue to study and share evaluation results to convince the group. That is, we are OK to not explicitly exclude more schemes on top of agreement earlier in the week, but we do not support adding schemes to this proposal.
· For Case 1-8: this is not a new CSI method. It simply increases report mapping granularity, and can be used with any method. Thus we don’t think it should be added as a bullet. Naturally for any enhancement method to be defined, the report mapping table need to be designed, and Case 1-8 is implicitly included in all enhancement methods.
· For “new metric/R16-CQI”: I’m still not convinced this is needed even in light of Nokia explanation. It seems that Rel-16 CQI refers to a CQI calculated using newly defined reference resources (e.g., multiple CMR/IMR instances). I would consider such CQI as a new metric as well. That is, new metric does not have to be a new CSI type. An existing CSI type (e.g., CQI) that is obtained using a new method is also a new metric. Thus, “new metric” is sufficient in our view.
· “Downselect at most one metric”: What’s the intention here? Down-select 2, keep 1? Or down-select 1, and keep 2? If I understand correctly, it should be changed to “Down-select from the following options to arrive at one method for providing the new metric:”
About the suggestion of “Updating and reporting Rel-16 CQI only”: We do not agree with adding “reporting”. As explained, reporting Rel-16 CQI is problematic and should not be adopted by itself.

	Apple
	
	The FL proposal tries to focus further study on fewer topics, which is understandable. We share a similar comment on the new metric and Rel-16 CQI, they should be split.

As for mean and standard deviation, it seems the underlying assumption is the variable (MCS or SINR)’s distribution is Gaussian in a selected domain. Has anyone actually checked that is the case? Typically when many sources contribute to the interference, one can argue for a Gaussian distribution. For inter-cell interference, obviously the number of interference sources is limited, and the power of interference sources can be very different; then it is hard to imagine how mean & STD provides suitable characterization for such a distribution which can be different from the Gaussian distribution. 
Even assume the interference follows a Gaussian distribution, then why “mean” is missing? With STD only, how could the gNB figure out the interference distribution? So we ask the change below:
· Downselect at most one metric from the following options:

· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Mean interference and Interference standard deviation (FFS details)
· CSI based on worst IMR occasion (FFS details)

Proposal 2 has not shown meaningful performance gains, and also comes with the intention of shortening processing time.   Processing time is key to implementation, other companies should understand its sensitivity, so the FFS part needs to stay

	Nokia
	
	Few comments on the latest feedback. 
· On progress, agree in general with E/// that there is no progress with “further study.” 
· Another general comment, we think all new proposals are trying to enable better interference reporting. That is why all have multiple CMR/IMR in common. 
· If the group is going to a solution only with CQI reporting, we should not do that as it is a useless feature. No wonder you do not see the reason as MIMO guys are not here to comment more. Also, I do not understand why there is a need to add “updating”. We should delete that as CQI mentioned as ‘reported’ in the specs. For the sake of agreeing on something, we are ok to keep it with reporting. 
· Also, disagree with E/// comment on that rel-16 CQI is a new metric. All schemes listed there are different from rel-16 CQI. That’s is why we suggest keeping rel-16 CQI which is the simplest solution that RAN1 can agree. The main direction of the study in the first bullet is how the network controls the interference measurements to get CSI reporting. This is nothing new; in Rel-15 it has already introduced restrictions to measure only one CMR and IMR for CSI reporting (please check back my comments and spec 38.214). We suggest extending that to more than 1 or in limited interval such that gNB get CQI feedback for a given interference hypothesis. That helps scheduling and accurate MCS selection, and this is not rocket science. Please also note that our main proposals are SINR-std and worse-M. But, as rapporteur of the WI, we ask people to something that is useful than wasting the effort here. 

	Moderator
	
	@Sony: Based on the discussion, probably better to leave FFS. It would be good to have better understanding of the additional benefit of the reduced CQI processing time.
@Nokia, LG, Lenovo, Qualcomm, Ericsson: The “CQI” was because of the possibility of “CSI based on worst IMR occasion” which may not require a new report type. Ok to remove it. I believe that Nokia would like to interpret this more generally, e.g. we can use the window for the “existing” CSI types as well, generalizing the time restriction functionality. I suggest adding an FFS to clarify this, since I am not sure this was common understanding (note that everything in the proposal is for study anyway) – same for the second bullet.
@Nokia: It seems that we are creeping back towards including most schemes, which is unfortunate from progress. OK to add back worst-M CQI in the options for now (in separate bullet), but we should try to make more progress (downselection) by the end of this meeting.
@Lenovo, OPPO, Ericsson, Nokia: The reason “reporting” was replaced with “updating” is to leave open possibility that in the reports where only CQI is updated, RI/PMI is still reported (without recalculation) – to keep R15 principle of keeping all CSI in same report. We could change to “Updating only R16-CQI in a report, where …”. For the last part, I do agree that the wording “containing RI/PMI/(CRI) calculation” could lead to some confusion. I suggest “… previous instance in which RI/PMI/(CRI) is updated” instead. I also suggest deleting the (i.e. CQI is …) since it could be interpreted as meaning that RI/PMI is necessarily not transmitted.
@Ericsson: I agree that re-adding schemes is not good for progress. Regarding Case 1-8, quantization needs to be discussed for new metric but the proposal is also applicable in the absence of any other enhancement. Agree with your comment on “R16 CQI”. I updated language for “downselect” to clarify that we keep only one. For the “updating and reporting”, please check if the new version is ok with you. 
@Apple: For the distribution, this should be an aspect to consider in the further study of Stat CSI/SINR. For Interference statistics, based on Futurewei contribution, it seems that only standard deviation was required. Maybe Futurewei can confirm.



Considering the comments, the FL proposal is updated as follows:

FL proposal 8.1-8: 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 a single method at most one metric from the following options:

· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· Interference standard deviation (FFS details)
· CSI based on worst IMR occasion (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 R16-CQI in a report only (i.e. CQI is the reportQuantity in CSI-ReportConfig), where CQI is conditioned on a previous instance containing in which RI/PMI/(CRI) is updated calculation.
· 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

Question 2-7: Please indicate if FL proposal 8.1-8 is acceptable
	Company
	Yes/No
	Comments

	Futurewei
	Yes
	For progress, we are ok with FL’s proposal 8.1-8.
Regarding our two most preferred schemes asked in Question 2-8, it seems it is a common understanding of companies that the reason to improve CSI reporting is because of the variation of the interference.  Case 1-3 attacks this issue directly by providing interference statistics to help combat the variation of interference, and our evaluation results show significant performance gain (35%) over the baseline. So Case 1-3 is our most preferred scheme.  Case 1-1 attacks the issue through providing SINR statistics.  Considering our simulation results showing Case 1-1 is better than the baseline but Case 1-3 has a performance gain of 14% over Case 1-1, we list Case 1-1 as our second preferred scheme.

	QC
	Partial Yes
	We are fine with the spirit of this proposal. A few comments below
1) If we are adding back worst-M CQI, then we request to include case -7, which extends case 1-6 to work with multiple CMRs/IMRs, where that is the scenario we are discussing under the first bullet. My understanding of case 1-6 addresses how to selectively report sub-band CQIs measured on a single CMR/IMRs. With multiple CMRs/IMRs, case 1-6 seems not covering how to select CQIs across multiple CMR/IMRs. So we propose to change “worst-M CQI” to “Selective subband CQI reporting”, or any other wording that FL think can capture case 1-7. 
2) Regarding “Downselect by RAN1#105 to a single method at most one metric from the following options:”, we think we are not ready to agree that there WILL be one specified in Rel-17 under the first bullet. So, I think we should rollback to “Downselect by RAN1#105 to at most one method from the following options:”
3) Regarding the “FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type” under the first bullet, thank FL and Nokia for the clarification. Now we see the intention. We are fine by putting the proposal into FFS, although we are not sure the motivation/benefit/amount of spec impact to specify a functionality that already supported by UE implementation back in Rel-15. 
4) Regarding the “FFS: Whether network configured channel and interference measurement interval can also be applied” under the second bullet, we are fine to keep it in FFS, although again we don’t see the benefit to introduce NW controlled UE CQI filtering over a specified window multiple CMRs/IMRs. To me, this partial CQI is very simple, UE just update a CQI while not updating PRI/RI to simplify CSI report. We don’t see why this functionality should be mixed with “NW controlled UE CQI filtering over a specified window multiple CMRs/IMRs”.

	Samsung
	Partial Yes
Do not agree to downselect for further study one method (from the 4 listed ones for a new metric)
	We prefer to include “at most a single method”. It is not appropriate to decide now that one method will be further studied.

All four methods are unlikely to be evaluated by enough companies within a few weeks – the present situation may remain same in RAN1#105. Some of the methods are also not possible to simulate (e.g. interference stdev) or do not relate to MCS selection (e.g. report of worst-M CQI). 
It would be desirable to exclude some cases now. 

Even if one was to simulate all schemes, basic simulation assumptions are undefined/unknown. For example,
a) For the first one, what is the gNB supposed to do with the mean/stdev of CQI? What are the metrics to evaluate (e.g. throughput, latency, …)? What additional information is provided over RSRP/RSRQ, the channel obtained from SRS (gNB knows the UL interference), and the DL interference estimate that the gNB can derive from the CQI? 
b) For the second scheme, how does the gNB know what distribution the interference follows for a given UE? Why is the interference non-random? 
c) For the third scheme, how frequent are IMR occasions between CSI reporting intervals? What is the CSI reporting interval? Why is the randomness of worst-IMR better than an average back-off?
d) For the fourth scheme, what exactly is the motivation/evaluation – the 2-bit CQI payload reduction per sub-band when a UE reports M<N sub-bands instead of all configured N sub-bands?

OK for the sake of progress with the rest of the proposal.

	vivo
	Partial Yes
	Firstly, we think we are facing the same situation as before since various enhancement schemes with a lot of FFS are included for further study. This increases the risk for this topic considering the limited time for evaluation/studies by companies before the next meeting. So we suggest not to add new schemes for new metrics into the proposal and further exclude some cases if possible.
Secondly, regarding the sub-bullet “FFS: how to report the updated CQI”, we are not sure what is it for. In fact, how to report the CQI is a general question for all the enhancement schemes including new metrics, new granularity, update-CQI only, etc. If there is no particular purpose, we think it should be removed because anyway we need to study it.

For the rest of proposal, we are Ok for the sake of progress. 

	MediaTek
	Partial Yes
	Same view as Qualcomm and Samsung on including “at most a single method”.

	Intel
	
	Agree with vivo that current version does not bring us forward much since includes almost everything we had except precluded cases from Wednesday GTW.
Other than that, we don’t have specific wording comments at the moment. We may be fine to agree on this to have a little bit more context in the next meeting.

	Hw/HiSi
	yes
	We think the proposal is reflecting and balancing the views that have been brought up by companies during the last days. 
We agree with some of the observations that more schemes/FFS are now added back, but we can live with it. As there probably will not be much time available during the GTW, we should try make the final adjustments (if any) now in this summary rather than on-line.
Regarding the FFS: The aspects that are listed under FFS should be part of the evaluation anyway, we think we there is no harm in letting them remain in the proposal. They won’t trigger more work but could even give some meaningful guidance for the continued efforts.
Regarding the wording for case 1, i.e. “single method vs at most one method”, does not seem to make a big difference in our understanding since the main bullet is “Study” anyway. We are fine with both formulations. 

	Nokia
	Partial
	FL>> We have similar concerns as before, and not repeating (please check back) to save our time. Please note that worst-M is simulated and showed promising results. Further study should be based on that. 
Additional comments on the latest update, 
· Mean-CQI and stdev-CQI is a different metric than mean SINR and stdev-SINR, we do not think grouping variants in one metric helps. This could have constraining repercussions down the road. Suggest removing the grouping and check company views. 
· “(FFS details)” is mentioned in every place. Details for simulations are provided well at least for some schemes. Also, as long as the main bullet is for study, sub-bullets FFS has no real meaning. 
· The wording “Updating” only CQI could lead to multiple interpretations, we do not support this. It seems Rel-16 CQI was also removed there. What is this enhancement? Is this CQI only reporting where reporting quantity is CQI according to Rel-16 formats or is this a new metric or new CQI format (e.g., delta CQI)? if this is not a new metric or format, please clarify that in the text and use this scheme also in the first bullet. The other method is to use the wording “reporting’ rel-16 CQI. 
· If the previous RI/PMI/CRI is always assumed for CQI, the UE does not change PMI/RI/CRI even when the channel had substantially changed. With that assumption, reported CQI is not the actual channel quality report. The actual CQI may be different and link adaptation will be hindered by this incorrect information. So, this CQI-only reporting  would need a way to indicate to the gNB whether the assumed CRI/PMI/RI are still valid or not? This can be an extra indication towards the gNB or a method to control the time offset between the CQI-only report and the report conveying the assumed CRI/RI/PMI. As a compromise, we can live with this for further study, but the wording ‘update’ and using ‘last PMI/RI/CRI’ here could lead to misunderstandings. We are fine with ‘updating and reporting’ just for the sake of progress. 
· @ QC:  reporting only CQI, conditioned on the latest available CRI/PMI/RI could result in a non-negligeable mismatch between assumed CQI at the gNB and actual channel conditions, if the time offset between the two reporting instances is large and kept unchecked.  The configured measurement interval can be used in this case as a mean to control the acceptable time offset between CQI-only report and the report conveying its assumed CRI/RI/PMI. In case, the time offset between reports is high, there should be a mechanism to fall back to a more complete report (including CRI and/or PMI and/or RI), otherwise we will end-up adding a vulnerability in the scheme. 
· @ Samsung, several companies provided results and analysis showcasing the impact of worst-M CQI on a) MCS selection improvement and b) UL overhead reduction, we refer to the FL summary above for an overview of companies’ input. Selecting cases to exclude or to further study should be based on that. 

	Sony
	Yes
	We seem to be taking a few steps backwards.  The aim was to reduce options but we seem to be adding them back after the previous GTW.  However, the list is still shorter than the one after RAN1#104e.
We also share similar views with Apple.  Reporting only standard deviation of the interference is pretty meaningless without knowing what the mean is.

	ZTE
	Yes
	We think this is the best result we can achieve so far. We are fine with the proposal for further moving forward.
@Samsung, The IMR period and the CSI report interval are configured by the network. The worst CQI in the time domain is reported so that the network scheduling have a better robustness to the interference jitter, which is the main reason resulting in the performance degradation for URLLC. In our simulation, the CSI report interval is 10ms. 

	OPPO
	No, but will be ok if one concern is addressed (pls see our comment to the right column) 
	We echo the comments from other companies to replace “down-select to a single method” with “down-select at most one method”. Throughout the rounds discussion, our understanding is that Alt 1-11 got the most support among all candidates. But the proposal now puts Alt 1-11 as one of “further study focuses”, while upgrades some other alternatives having lower support as candidates for a promised selection. The proposal does not reflect the true situation in email discussion. 

	Ericsson
	Partial
	· We are still concerned that Case 1-6 (Worst-M CQI) and 1-8 (3-bits differential) are kept as candidate methods. This is too little progress compared to the agreement made earlier in the week.
· For Case 1-6 (Worst-M CQI): E/// contribution R1-2102745 showed simulation results that the method does not give performance improvement compared to existing baseline report. We also gave analysis why it does not work well. In contrast, Case 1-1 gives significant performance improvement. Without performance benefit, we do not see the need to include Case 1-6.
· For Case 1-11, as explained, we do not consider it a new method. Report mapping granularity is a design aspect of any enhancement method.
· The ‘downselect …” is only for the first main bullet. This seems to mean that Case 1 will include 3 methods by RAN1#105: (1) new metric after down-selection; (2) Case 1-8 (3-bits differential); (3); Case 1-11 (partial CQI update). It’s better if “downselect …” is moved to the top level, so that there will be 1 method by RAN1#105. In our view, all Case 1 schemes should be converged to a single method in the end.

	InterDigital
	Yes
	Prefer Case 1-1 for performance shown by multiple companies. Case 1-5 as second preference given it is simpler yet seems to provide reasonable gains.

	Moderator
	
	@Futurewei, Intel, Huawei, Sony, ZTE: thanks
@Qualcomm: The main bullet already states “multiple CMR and/or IMR instances”. In that case, “worst-M” CQI would seem to capture the scheme appropriately? I prefer not to change terminology on the fly since it becomes difficult to know what we are agreeing to study further.
@Qualcomm, Samsung, Mediatek: Ok to add “at most” though this is a bit meaningless because the main bullet is “study” anyway.
@Samsung: I don’t agree that these assumptions are undefined and unknown. We agreed on metrics and scenarios in RAN1#102bis, and companies who have proposed schemes and submitted evaluation results provided the other information on gNB scheduler assumptions. Most or all of the questions you are asking are already answered in contributions. However, I agree that we should exclude cases at this meeting. 
@vivo: (FFS: how to report the updated CQI.) I think the reason for this bullet is captured by another bullet, so OK to remove it.
@Nokia: The reason to delete “R16 CQI” is that as soon as we make an enhancement, this is not R16 CQI anymore so that wording is also unclear. My understanding is that CQI follows same format as in R16. Perhaps we could clarify by stating “Applicable for same reporting quantity as in R16 for CQI”. Regarding the problem of RI/PMI/(CRI) not being valid but still transmitted, my understanding is that the gNB would know this by configuration (would indicate to the UE when to update RI/PMI/(CRI)). As explained earlier, stating “updating and reporting only” in first main bullet would be a concern to some companies because it would imply we go for non-self-contained report.
@OPPO: Multiple companies already stated that Case 1-11 is not acceptable as a stand-alone method (I tried at the very beginning of the meeting) so this is the best I can do for progress. At least we can target down-selection among schemes that involve a configured time window.
@Ericsson: At this point it looks easier to first down-select within the schemes that involve a configured time window and do further down-selection later. For Case 1-8, at least one company sees that this scheme can work independently of the two other bullets.
@Futurewei, Qualcomm, Intel, Nokia, ZTE, Ericsson: Thanks a lot for providing your preferences within the “first-bullet” schemes. For other companies who (rightly) complain that we are not doing enough progress, it would help a lot if you also provided your preferences.
@Ericsson, Nokia: Regarding SINR vs CQI, this decision seems to belong to the next level of detail within Case 1-1.



Question 2-8: Please indicate 2 schemes/metrics from the following list that are most preferred, considering all information, technical discussions and evaluations available so far.
· (Case 1-1) Mean-CQI/SINR and stdev-CQI/SINR
· (Case 1-3) Interference standard deviation
· (Case 1-5) CSI based on worst IMR occasion
· (Case 1-6) Worst-M CQI
	Company
	Preferred scheme 1
	Preferred scheme 2

	Futurewei
	(Case 1-3) Interference standard deviation
	(Case 1-1) Mean-CQI/SINR and stdev-CQI/SINR

	QC
	Case 1-7 + case 1-6
To FL: we are not sure why case 1-7 is left out. In our view, case 1-7 is more suitable for the scenario we are discussing, because it addressed the issue on how to selectively report subband CQIs with multiple CMRs/IMRs. 
	Case 1-5

	Samsung
	None
	

	Intel
	Case 1-1
	Case 1-5

	Nokia/NSB
	Case 1-6 Worst-M CQI
	Case 1-1 mean-SINR and stdev-SINR. We do not support mean-CQI and stdev-CQI.

	ZTE
	Case 1-5
	Case 1-1

	Ericsson
	Case 1-1 for (mean, stdev) of CQI. We do not support (mean, stdev) of SINR. To facilitate discussion, Case 1-1 can be described as Case 1-1A ((mean, stdev) of CQI) and Case 1-1B ((mean, stdev) of SINR)
	Case 1-3

	InterDigital
	Case 1-1
	Case 1-5



Outcome of the poll for “first-bullet” schemes:
Case 1-1 (6): Ericsson, InterDigital, Intel, ZTE (2nd pref.), Futurewei (2nd pref.), Nokia (2nd pref.)
Case 1-5 (4): ZTE, Qualcomm (2nd pref), Intel (2nd pref), InterDigital (2nd pref)
Case 1-6/7 (2): Nokia, Qualcomm
Case 1-3 (2): Futurewei, Ericsson (2nd pref.)

Considering the comments, the FL proposal is updated as follows. The two “first-bullet schemes” with least support so far are shown within brackets.


[bookmark: _Hlk69748248]FL proposal 8.1-9: 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

Topic #3: New reporting (Case 2)
Summary of issues for Topic #3
For Case 2 new reporting, RAN1 agreed to continue studying with focus on new reporting type based on PDSCH decoding for OLLA performance enhancement. Many companies discuss and evaluate potential benefits of such schemes. The main design objectives can be identified as follows:
· Better support of OLLA for very low target BLER:
· Indicate to scheduler to be more conservative even in case of ACK 
· Allow OLLA converge faster to proper operating point
· Case 2-1, Case 2-2, Case 2-3
· Help gNB schedule a retransmission:
· Meet target latency while avoiding spending too much resources on retransmissions
· Case 2-1, Case 2-3, Case 2-4
· Address other potential issues:
· Differentiating DTX from NACK: Case 2-6
· Differentiating fading/blockage/interference: Case 2-5

In the following sub-sections, performance results and detailed views on benefits and complexity are presented for each scheme.


Case 2-1: Decoding margin
Evaluation results
	InterDigital [9]
	Case 2-1
(LDPC iters)
	AR/VR
	99.5% satisfied UEs [99.5%]
6.59 PRBs [6.59]
Report periodicity 20 ms

	InterDigital [9]
	Case 2-1
(dB margin, slow)
	AR/VR
	100% satisfied UEs [99.5%]
6.75 PRBs [6.59]
Report periodicity 20 ms



Observations
· InterDigital [9] observes same performance as baseline for scheme based on number of LDPC iterations, and slight increase of % of satisfied UEs for scheme based on dB margin, at the expense of slight increase of RUs.
Benefits/concerns
+May be useful for specific scenarios (rapid channel changes or inter-cell interference): Mediatek [8]
+Helps OLLA work for low BLER targets: Ericsson [10], Sony [18], NTT DoCoMo [21], InterDigital [9]

-Does not address bursty interference: Huawei [2], Vivo [6], Futurewei [11], Samsung [17]
-Results so far inconclusive due to improper baseline, no obvious gain: Huawei [2], Vivo [6]
-May not work if retransmission uses different frequency/TBS/precoder: Vivo [6]
-Existing OLLA may be sufficient if CQI reporting is as frequent as packet transmission: Mediatek [8]
-Requires twice overhead of R16: Samsung [17]
-Large impact of quantization and measurement errors: Samsung [17]
-Need common metric not UE-specific: LG [19]
-Unclear what criteria to be fulfilled: Nokia [20]
-Soft margin based approach does not converge towards any BLER level

Implementation impact
-Medium to high: Huawei [2]
-Can be done by attempting to decode PDSCH with partial resource: Sony [18]
-Requires new UE implementation and complex gNB implementation: Samsung [17]

Specification/testing impact
-Medium to high: Huawei [2]
-LDPC iteration is vendor-specific: Nokia [20], NTT DoCoMo [21]
-Issues to discuss: whether additional feedback is always sent, whether it is jointly encoded with HARQ-ACK or not, impact on timing /processing, which PDSCH is selected: Lenovo [22], LG [19]
-Test requirement that reported values from UE e.g. varies monotically with varied SINR at fixed MCS: Ericsson [10]
-Not testable: Samsung [17]


Case 2-2: Block error probability

Evaluation results
	InterDigital [9]
	Case 2-2
	AR/VR
	100% satisfied UEs [99.5%]
6.80 PRBs [6.59]
Report periodicity 20 ms

	Intel [14]
	Case 2-2

	Factory
	~3% less satisfied UEs than baseline (1e-5 target)
27.2% RU [23.6%]

	Nokia [20]
	Case 2-2

	AR/VR
	5 ms 99.9999%-pct latency [2 ms]
20% RU [3%]

	Nokia [20]
	Case 2-2 + 
Case 1-1: Mean + stdev SINR
	AR/VR
	1 ms 99.9999%-pct latency [2 ms]
6% RU [3%]

	Nokia [20]
	Case 2-2
	Factory
	~1 ms 99.999%-pct latency [1 ms]


	Nokia [20]
	Case 2-2
Case 1-1: Mean + stdev SINR
	Factory
	~1 ms 99.999%-pct latency [1 ms]




Observations
· InterDigital [9] observes slight increase of % of satisfied UEs at the expense of slight increase of Rus. Intel [14] observes slight decrease of % of satisfied UEs with slight increase of Rus. Nokia [20] observes degradation in 1e-5 percentile latency from 2 to 5 ms in AR/VR environment if used alone, and improvement in 1e-5 percentile latency from 2 to 1 ms in AR/VR environment is used in combination with Case 1-1. Nokia [20] observes same performance as baseline in Factory environment.

Benefits/concerns
+Allow fast convergence of OLLA by adjusting every TB: Nokia [20]
+May allow OLLA to converge toward wanted EP level without NACK: InterDigital [9]

-Does not address bursty interference: Huawei [2], Vivo [6], Futurewei [11], Samsung [17]
-Results so far inconclusive due to improper baseline, no obvious gain: Huawei [2], Vivo [6]
-May not work if retransmission uses different frequency/TBS/precoder: Vivo [6]
-Large impact of quantization and measurement errors: Samsung [17]
-Large overhead (larger than Case 2-1): Samsung [17], InterDigital [9]
-Need common metric not UE-specific: LG [19]

Implementation impact
-Medium to high: Huawei [2]
-Requires new UE implementation and complex gNB implementation: Samsung [17]
-Can be derived from LLR: Nokia [20]

Specification/testing impact
-Medium to high: Huawei [2]
-Issues to discuss: whether additional feedback is always sent, whether it is jointly encoded with HARQ-ACK or not, impact on timing /processing, which PDSCH is selected: Lenovo [22], LG [19]
-Can be tested by measuring long-term BLER in non-fading channel scenarios: Mediatek [8]


Case 2-3: (Delta) CQI/MCS/SINR
Evaluation results
	ZTE [5]
	Case 2-3
(Delta SINR)
Initial transmission
	AR/VR
	61% satisfied UEs [50%] 
2.3% RU [1.9%]

	ZTE [5]
	Case 2-3
Retransmission: Delta SINR (3-bit)
	AR/VR
	94% satisfied UEs [50%]
33% RU [1.9%]


	ZTE [5]
	Case 2-3
Retransmission: Delta MCS (3-bit)
	AR/VR
	60% satisfied UEs [50%]
1.9% RU [1.9%]


	InterDigital [9]
	Case 2-3
Retransmission: MCS
	AR/VR
	99.5% satisfied UEs [99.5%]
6.59 PRBs [6.59]
Report periodicity 20 ms

	Qualcomm [16]
	Case 2-3
Retransmission: Report CQI/MCS
	AR/VR (mixed traffic, 20 URLLC Ues)
	100% satisfied UEs [100%]
3471 RBs for 2nd Tx [5255]

	Qualcomm [16]
	Case 2-3
Retransmission: Report CQI/MCS
	AR/VR (mixed traffic, 100 URLLC Ues)
	100% satisfied UEs [100%]
5878 RBs for 2nd Tx [7545]



Observations
· When using the delta-SINR scheme for initial transmission, ZTE [5] observes increase of % of satisfied UEs at the expense of some increase of RU.
· When using delta-SINR scheme for retransmission, ZTE [5] observes significant increase of % of satisfied UEs at the expense of much higher RU. When using delta-MCS scheme for retransmission, ZTE [5] observes some increase of % of satisfied UEs with similar RU as baseline. When using MCS scheme for retransmission, InterDigital [9] observes same performance as baseline. When using MCS scheme for retransmission, Qualcomm [16] observes between 22% and 36% decrease of RU for the retransmission depending on the scenario.
Benefits/concerns
+Helps OLLA work for low BLER targets: Ericsson [10], Sony [18]
+Improves convergence performance: Oppo [3]
+No additional overhead of measurement resource or computation time budget: Oppo [3]
+Small feedback overhead compared to Case 1: ZTE [5]
+Enables gNB to know proper MCS for retransmission, saving number of RBs: Qualcomm [16]

-Does not address bursty interference: Huawei [2], Vivo [6], Futurewei [11], Samsung [17]
-Results so far inconclusive due to improper baseline, no obvious gain: Huawei [2], Vivo [6]
-May not work if retransmission uses different frequency/TBS/precoder: Vivo [6], NTT DoCoMo [21]
-Low probability of retransmission in URLLC limits gains: Intel [14]
-Requires larger overhead: Samsung [17]
-Large impact of quantization and measurement errors: Samsung [17]
-Need common metric not UE-specific: LG [19]

Implementation impact

-Medium to high: Huawei [2]
-Can use number of failed parity checks: Qualcomm [16]
-Requires new UE implementation and complex gNB implementation: Samsung [17]

Specification/testing impact
-Medium to high: Huawei [2]
-More mature than Case 2-1/Case 2-2: Spreadtrum [4]
-Issues to discuss: whether additional feedback is always sent, whether it is jointly encoded with HARQ-ACK or not, impact on timing /processing, which PDSCH is selected: Lenovo [22], LG [19]
-Throughput test or BLER test: Qualcomm [16]
-May be easier to specify/test than Case 2-1/Case 2-2: InterDigital [9]


Case 2-4: HARQ redundancy version sequence
Evaluation results
None available
Benefits/concerns
+UE has a clear view of the status of UE’s soft bits: Apple [15]

-Impact of RV may be negligible: InterDigital [9]
-Only provides information about scheduled PRBs: Huawei [2]
-Questionable if any gain can be observed: Huawei [2]
-Unclear how the UE gets the information: Spreadtrum [4]
-Low benefit due to low BLER of URLLC and small TB size: Samsung [17], NTT DoCoMo [21]
-Need common metric not UE-specific: LG [19]
-Which PDSCH is selected?: LG [19]

Implementation impact
-Hard to judge: Huawei [2]
-Unclear feasibility: Samsung [17]

Specification/testing impact
-Hard to judge: Huawei [2], InterDigital [9]
-Unclear how to test: Samsung [17]


Case 2-5: Reason for NACK
Evaluation results
None available
Benefits/concerns
+Helps gNB determine if it should change beam, RB, cell: Qualcomm [17]
+Allows OLLA to not overreact to interference spike: Sony [18]

-Unclear how UE derives information: Spreadtrum [4], NTT DoCoMo [21]
-High reporting overhead: Samsung [17]
-UE rarely reports NACK, no actual benefit expected for URLLC: Samsung [17]

Implementation impact
-Medium to high: Huawei [2]
-Can be based on difference between interference+noise in PDSCH and long term interference being above or below threshold: Sony [18]
Specification/testing impact
-Medium to high: Huawei [2]
-Unclear how to specify/test: InterDigital [9]
-Can set up a test scenario for each reason for failure: Qualcomm [16]


Case 2-6: Number of NACK values
Evaluation results
None available
Benefits/concerns
+Enables conventional OLLA by differentiating NACK from DTX: Samsung [17]
+No additional UE complexity, testability issue, RAN4 performance requirements: Samsung [17]
+Allows the network to detect missed PDCCH: InterDigital [9]

-Low probability of NACK in URLLC: Spreadtrum [4], NTT DoCoMo [21]
-PDCCH misdetection probability is low for URLLC: NTT DoCoMo [21]

Implementation impact
-Hard to judge: Huawei [2]

Specification/testing impact
-Hard to judge: Huawei [2]
-Small: Samsung [17]


Other proposals related to Case 2 reporting
-A-CSI on PUCCH should be pre-requisite to further study Case 2: Huawei [2]
-Simulation results should be compared to normal OLLA and full R16 CSI report as baseline: Huawei [2]
-Discuss together Cases 2-1/2-2/2-3: Spreadtrum [4], Ericsson [10]
-Discuss CSI priority between case 1/case 2/legacy: LG [19]

Observations for Topic #3
Observations on new report types (Case 2)
Based on the submitted contributions, the support for each scheme can be summarized as follows (for the companies who explicitly stated it):
	Scheme
	Company views
	Recom.

	Case 2-1 
Decoding margin
	Supportive (2): Spreadtrum [4], (Ericsson [10])
Not supportive (1): Samsung [17]
Open to study: Huawei [2], Futurewei [11], Quectel [12], NTT DoCoMo [21], Lenovo [22]
	Not study further

	Case 2-2
Block error probability
	Supportive (3): Spreadtrum [4], Mediatek [8], Nokia [20] 
Not supportive (1): Samsung [17]
Open to study: Huawei [2], Futurewei [11], Quectel [12], NTT DoCoMo [21], Lenovo [22]
	Not study further

	Case 2-3
(Delta) CQI/MCS/SINR
	Supportive (7): Oppo [3], Spreadtrum [4], ZTE [5], CATT [7], InterDigital [9], Ericsson [10], Qualcomm [16]
Not supportive (1): Samsung [17]
Open to study: Huawei [2], Futurewei [11], Quectel [12], Lenovo [22], NTT DoCoMo [21]
	Study further

	Case 2-4
HARQ RV sequence
	Supportive (1): Apple [15]
Not supportive (5): Huawei [2], Quectel [12], InterDigital [9], Samsung [17], NTT DoCoMo [21]
Open to study: Spreadtrum [4]
	Not study further

	Case 2-5
Reason for NACK
	Supportive (2): Qualcomm [16], Sony [18]
Not supportive (4): Huawei [2], InterDigital [9], Quectel [12], Samsung [17]
Open to study: Spreadtrum [4], LG [19], NTT DoCoMo [21]
	Not study further

	Case 2-6
Number of NACK values
	Supportive (1): Samsung [17]
Not supportive (5): Huawei [2], InterDigital [9], Ericsson [10], Quectel [12], NTT DoCoMo [21]
Open to study: Spreadtrum [4], LG [19]
	Not study further



From the above schemes, Case 2-3 ((Delta) CQI/MCS/SINR) appears to gather the most support. These schemes have been evaluated by 3 companies, and benefits are observed by 2 companies. Since there are still not a lot of evaluations showing significant gain and given that the specification and implementation impact of the scheme is significant, it is difficult to recommend to agree on supporting this scheme for this meeting. For Case 2-2 (Block error probability), it seems that no evaluation result shows a gain except [20] when combined with a statistical CSI scheme. For Case 2-1 (Decoding margin), the only evaluation result does not show a gain. Case 2-1 may also be considered as a special case of Case 2-3 where the number of reported levels is 2. The remaining Case 2 schemes have no evaluation result and substantial number of not supportive companies. For these reasons, it is recommended to focus Case 2 efforts on Case 2-3 for further studies.
FL proposal 9.1-1: For new reporting Case 2, continue study focusing on reporting of (delta) CQI/MCS/SINR (Case 2-3).

E-mail discussion (1st round) for Topic #3
Question 3-1: Please provide feedback if you would like to either (a) make correction in this moderator summary (such as evaluation results or company position) or (b) add your company position relative to the schemes listed in the above.
	Company
	Yes/No
	Comments

	
	
	

	
	
	

	
	
	



Question 3-2: Do you have any question for clarification, or any comment, on the available evaluation results?
	Company
	Yes/No
	Comments

	
	
	

	
	
	

	
	
	



Question 3-3: Please indicate whether FL proposal 9.1-1 is acceptable:
	Company
	Yes/No
	Comments

	Vivo
	Yes
	

	Mediatek
	
	We prefer to keep the option of reporting a form of BLEP (e.g. flipped bits before and after LDPC decoding) for further study. Our LLS results show that flipped-bits/raw-BER is good indicator of the BLER, which could help with OLLA/link adaptation.

	Huawei
	(Yes)
	Regarding the proposal 9.1-1, we suggest to merge it with case 1 and have one common proposal for case 1 and case 2. 

	Nokia
	
	We also have some concerns about focusing on 2-3 only when Case 2-2 also showed good performance. When I checked details, it seems more or less all reporting of case  2-2, 2-3 uses similar measurements of SINR of Res.  We should be able to have a joint way forward there.  

	Moderator
	
	@Mohammed, you said:
Regarding FL proposal 9.1-1, we prefer to keep the option of reporting a form of BLEP (e.g. flipped bits before and after LDPC decoding) for further study. Our LLS results show that flipped-bits/raw-BER is good indicator of the BLER, which could help with OLLA/link adaptation.
I think utilizing flipped bits is one of the ways (just like LDPC iterations, LLR, etc.) that a UE implementation can derive the report. It could be used to derive e.g. a “delta-MCS” as well? 

At some level, I suspect that all these types of reporting would be somewhat equivalent for a realistic design that would involve just 1 additional bit? If the report is “log-BLEP” but there are 2 levels, then it is either above or below a certain BLEP and the scheduler either steps up or down the OLLA target (in case of ACK). If the report is 1-bit “delta-MCS” for a certain reference BLEP, then the scheduler would behave in the same way.

	LG
	
	We are fine with the proposal.

	Samsung
	
	FL proposal 9.1-1 is acceptable.

	Intel
	
	Up to this point we did not obserce SLS gains from Case-2 schemes, including delta MCS reporting. Note, in previous meetings we evaluated CSI triggering by NACK which delivers up-to-date CSI to the scheduler which can be used for ReTX scheduling, which did not show gains.

However, we are happy to narrow-down to Case 2-3 only for further debates.

	Lenovo, Motorola Mobility
	
	Ok with the proposal 

	Futurewei
	
	We are ok to narrow-down the scope of Case 2 schemes to Case 2-3.  So we are ok with FL proposal 9.1-1.

	QC
	Yes
	To MTK and Nokia: we share the same view as moderator that either using BLEP or # flip bits, # LDPC iteration, or # failed parity checks (QC proposal) to reflect SNR are all UE internal implementation. Maybe we don’t need to debate which one of the above is better. At the end of the day, what we need is use 1 additional bit to indicate multiple ACK or NACK levels, which can be captured as a delta MCS. I think delta MCS report should be a good WF, which is easier to specify in RAN1 and easier to test in RAN4.  

To Intel: we have provided both SLS and LLS in our contribution for case 2-3. Both simulations showed significant gain in RB usage. Please notice that RB usage is an important factor to consider for URLLC. More efficient RB usage will translate into gain in percentage of URLLC UE that can meet URLLC requirements (if that is the gain your are looking for), when there are more and more URLLC Ues in the system. It is just due to extremely long simulation time, it is impractical to run long URLLC simulations with large number of URLLC Ues. 

	DOCOMO
	
	We are fine with the proposal.

	ZTE
	
	Support

	Spreadtrum
	
	We are fine with the proposal.



E-mail discussion (3nd round) for Topic #3
[bookmark: _Hlk69309327]Two companies have concerns with 9.1-1 because it is excluding reporting of (log)BLEP as an option. Other companies have concern that this metric is more difficult to use by the scheduler for MCS adjustment. 
In addition, some companies have concerns about reporting of (delta) SINR because the quantity is dependent on UE implementation. One company supports reporting of (delta) SINR because it may allow for better granularity. 
Considering majority view, the following is proposed as a starting point for a specifiable definition of the new report. Given that performance may be sensitive to granularity as suggested by the (delta) SINR evaluation, this point can be investigated for further study. 
[bookmark: _Hlk69312475]FL proposal 9.1-2:
For new reporting Case 2, focus study on the following (Case 2-3):
· [bookmark: _Hlk69326418]New report type is derived from the MCS that would correspond to a certain BLEP for the received PDSCH.
· Note: this MCS is determined based on UE implementation (SINR, LLR, raw BER, flipped bits, LDPC iterations, etc.)
· 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 (delta)

Question 3-4: Please indicate whether FL proposal 9.1-2 is acceptable:

	Company
	Yes/No
	Comments

	Samsung
	No
	How the delta_MCS can be derived is up to the UE implementation. 
Prefer the original proposal that was broadly agreeable and remaining aspects can be part of the study.

	OPPO
	No
	Does the proposal intend to make RAN1 to specify a UE behavior based on a decoding thresholds or BLEP thresholds, but to leave the question of “thresholds of what” as UE implementation? How can this be managed in spec? In addition, if some UE behavior based on this principle were made into RAN1 spec, how does RAN4 specify the related requirements (would have same requirement for different BLEP implementations)? 
We prefer to the previous proposal to further study (delta)CQI/MCS (we do not have strong view on whether to include SINR or not).   

	ZTE
	Yes
	We are fine with this proposal.

	Ericsson
	Yes
	We can accept the proposal. 

	QC
	NO
	We support case 2-3. But the current formulation of this proposal is not acceptable to us. 
“New report type is derived from the MCS that would correspond to a certain BLEP for the received PDSCH” – This support to be UE internal implementation. Same view as OPPO, Why/how does RAN1 specify this? How can RAN4 test this?
To make progress, if companies insist to mention BLEP, we can accept to add it as one of UE pplicationon examples in the list with other UE implementation methods. And we request FL to capture QC’s proposal of pplicationon method which is use # fail parity checks.  
 FL proposal 9.1-2:
For new reporting Case 2, focus study on the following reporting of (delta) CQI/MCS/SINR (Case 2-3):
· New report type is derived from the MCS that would correspond to a certain BLEP for the received PDSCH.
· Note: this (delta) MCS is determined based on UE implementation (SINR, LLR, raw BER, flipped bits, LDPC iterations, BLEP, # fail parity checks, etc.)
· 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 (delta)


	vivo
	No
	It is not clear to us how to derive the delta_MCS from the MCS that would correspond to a certain BLEP for the received PDSCH. We can accept the original proposal and leave the details for further study.

	CATT
	No
	Similar as the comments above, the current proposal is not acceptable and we support the previous proposal.

	Quectel
	No
	Similar view as some companies above. The previous proposal is fine for us. The details can be kept open at this point.

	Nokia
	No
	We think that Case 2-2 and case 2-3 comparison is needed. No one did that for now. We also believe that there are a lot of different flavors within 2-3, so agreeing to MCS only already lost the majority support on that. Variants of case 2-3 should be listed separately prior we can compromise in any direction. 

	HW/HiSi
	No
	Same comment as Quectel. The details should be kept open.

	DOCOMO
	No
	Share similar views as vivo. It’s not clear to us how to derive the delta MCS from the MCS that would correspond to a certain BLEP for received PDSCH. Besides, how to derive it from BLEP should depend on UE implementation. The previous proposal is fine for us. 

	Sony
	No
	Share similar views with QC that the delta MCS derivation is up to UE implementation.  We prefer the original proposal, without SINR since companies raised concerns, i.e.:
For new reporting Case 2, continue study focusing on reporting of (delta) CQI/MCS/SINR (Case 2-3).

	Intel
	Yes
	As we commented earlier, we are fine to narrow down the study (and therefore future evaluation) to one scheme, and current formulation is acceptable for that purpose.

	LG
	Yes
	We support case 2-3 and we are fine with the intention of the proposal. At the same time, we also think it should be remain as UE/gNB implementation how UE derives quantity and how gNB utilizes them. Thus, previous proposal and Qualcomm’s modification also are fine to us. 

	Moderator
	
	It seems that the original proposal 9.1-1 was more agreeable than this update due to concerns over the exact definition, which could be studied later.
@Nokia: There is strong majority preferring some form of delta CQI/MCS reporting, and also strong concerns for going in the direction of BLEP reporting that would remain regardless of the outcome of further evaluations/comparisons (e.g. high overhead, unless it is only 1 bit in which case it is likely equivalent to delta CQI/MCS).




FL proposal 9.1-3:
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 (SINR, LLR, raw BER, flipped bits, LDPC iterations, BLEP, # fail parity checks, etc.)
· 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 (delta)

Question 3-5: Please indicate whether FL proposal 9.1-3 is acceptable:

	Company
	Yes/No
	Comments

	Nokia
	No/
Object 
	We have sevral concerns about this. 
First, we do not what is this case 2-3 actually is. There are multiple variants within the case 2-3. No details to simulate OLLA performance. Please check the level of details provided in case 2-2. 
Second, the biggest issue, Case 2-3 is not a solution for OLLA (at least some falvours within this group). A TB retranmission does not need any feedback other than HARQ, retranmission flexibility is limited at the pplica side and for URLLC BLER targets are low and latency is critical (pplica does not need delta feedbacks to schedule a TB retansmision). Main requirement is how the BLER target satisfied for a pplication service by maintaining phy. BLER error rate on a target value across multiple TBs, that requires OLLA scheme. 
Third, simulation results are not showing any OLLA related BLER target convergence. (similar to the studies on case 2-1 or case 2-2), and also results provided by proponents are mainly for retranmission which is not OLLA. 
Fourth, Case 2-3 is not properly evaluated and not even provided information to evaluate/compare with case 2-2. 
Finally, the majority support should not be achived by putting all proposals in one category. It should be based on technical merits. 


	Futurewei
	Yes
	To make progress, we are ok to have further study on Case 2-3.  However, it is still unclear to us how Case 2-3 can deal with the significant variation of interference from reporting to actual data transmission. 

	Ericsson
	Yes
	We can accept this proposal.
One question: why is “delta” in brackets? If no delta, it’s the existing CSI report, no enhancement. Hence delta is the key. Suggest changing “(delta) CQI/MCS” to “delta- CQI/MCS” at both places.

	Samsung
	Yes in principle
	We can agree to the proposal but the intention that the items in the parentheses are examples, and a UE implementation may not follow any of them, needs to be more clearly captured – e.g. by adding a “for example, using” at the beginning of the parentheses. Also OK with removing the note.

	OPPO 
	Yes
	Ericsson’s suggestion of removing brackets around delta is also ok to us. 

	QC
	Yes
	Support this proposal. Ericsson’s suggested change for delta is fine to us. 
Regarding case 2-2, we agree with Moderator that if the feedback is additional bit, it is just case 2-3. 
Regarding case 2-2, the details on how to calculate EP is not clear. Using LLR to map to EP may not work due to 1) How to map LLR to EP is very complicated in case of higher modulation than QPSK. The referenced paper in Nokia tdoc only shows that mapping LLR to EP is theoretically doable with QPSK. It is unknown how to map LLR to EP for higher QAM; 2) Even for QPSK, in the fixed point point design of UE Rx chain, there are many places (such as in DVGA) where dynamic scaling are used to make sure the signals in the Rx chain are in the good range of the fixed point format. With this dynamic scaling, a large absolute LLR does not mean SNR is good and EP is small. Mapping from LLR to EP will be very hard to implement even for QPSK. 

	ZTE
	
	We are fine with the proposal if the delta SINR can also be kept as explained before. 

	HW/HiSi
	
	We are fine but would prefer to have this proposal and case 1 together

	Moderator
	
	@Nokia: Case 2-3 supports both OLLA and retransmission cases. I also do not see that Case 2-3 consists of diverse proposals (whether reporting is by MCS or CQI does not seem fundamentally different), so to me it does not seem unfair. Technical merits (which also include other aspects than convergence) have been discussed quite extensively already.
@Ericsson: removed parentheses around delta
@Samsung: added the “for example, using”
@ZTE: delta-SINR does not seem acceptable for some companies. Since the benefit you observed was due to better granularity, I added the FFS so that we can identify this aspect for further study. I hope it is ok.



Considering the comments, the FL proposal is updated as follows:
FL proposal 9.1-4:
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.)
· 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

Topic #4: Other enhancements
Contributions discuss enhancements that do not fall in one of the above categories.
Summary of issues for Topic #4
Issue #4-1: Support CSI feedback for PDCCH
· Support: Qualcomm [16]
· Motivations
· PDCCH needs to be at least as reliable as PDSCH [19][21]
· OLLA not possible for PDCCH because gNB cannot distinguish between NACK and DTX for multi-bit HARQ-ACK [19]
· CSI for PDCCH cannot be derived from CSI for PDSCH as coding scheme, resource (coreset), TCI state, DMRS configuration are different [21]
· Increased PDCCH blocking/overhead if PDCCH is scheduled too conservatively [21]
· Candidate solution
· Tri-state HARQ-ACK [16]
· No support: Ericsson [10], Intel [14]
· Can use rank1 restriction which is anyway useful for URLLC [10]
· Does not need to be more accurate than PDSCH link adaptation for small allocation [10]
· Main challenge is bursty interference which can be addressed by statistical CSI [10]
· Code rate / resource adaptation for PDCCH is very coarse [10][14]
· RSRP, L1-SINR, DTX of HARQ-ACK can be used [14]
Issue #4-2: Support priority index 1 for P-CSI/SP-CSI/A-CSI on PUCCH
· Support for P-CSI/SP-CSI: 
· Yes: Intel [14]
· No: ZTE [5] 
· Support for A-CSI (if supported): 
· Yes: ZTE [5], NTT DOCOMO [21]
The following miscellaneous proposed enhancements do not neatly fall in one of the above categories:
· Specify CSI enhancements to better fit the needs of SPS PDSCH(s) [10]
· Reconfigure definition of CSI reference resource to better align with typical URLLC payload sizes: Nokia [20]
· Split CSI report in multiple parts and multiplex as they become available: Lenovo [22]
· Improve CSI framework to minimize delaying/dropping CSI reports for URLLC/IIoT operation: Lenovo [22]
· Link MCS table to priority indicator: Samsung [17]
· UE request for CSI measurement to update CSI for a new Tx-Rx beam pair: Qualcomm [16]
· A-CSI on PUCCH multiplexed on PUSCH repetition type B: NTT DOCOMO [21]
Several companies propose to support configuration of high-priority for P-CSI/SP-CSI or A-CSI on PUCCH (if supported). During RAN1#102-e, it was suggested that this issue could be discussed in AI 8.3.3.
Issue #4-2: Support priority index 1 for P-CSI/SP-CSI/A-CSI on PUCCH
· Support for P-CSI/SP-CSI: 
· Yes: Intel [10]
· No: CATT [7], ZTE [3] 
· Support for A-CSI (if supported): 
· Yes: ZTE [3], CATT [7], Panasonic [17], NTT DOCOMO [22]

The following miscellaneous proposed enhancements do not neatly fall in one of the above categories:
· Reduce CQI report content and define new CQI report types to reduce CSI processing time [4]
· Specify CSI enhancements to better fit the needs of SPS PDSCH(s) [6]
· Enhancements for interference measurements, time restriction and resource configuration: Nokia [13]
· Reconfigure definition of CSI reference resource to better align with typical URLLC payload sizes: Nokia [13]
· Split CSI report in multiple parts and multiplex as they become available: Lenovo [16]
· Link MCS table to priority indicator: Samsung [19]
· UE request for CSI measurement to update CSI for a new Tx-Rx beam pair: Qualcomm [21]
· A-CSI on PUCCH multiplexed on PUSCH repetition type B: NTT DOCOMO [22]
E-mail discussion (1st round) for Topic #4
TBD
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Appendix: Previous agreements
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

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
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