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This contribution is a summary of contributions [2]-[25]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, 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.

This summary is related to following e-mail thread:
[103-e-NR-IIoT-URLLC-02] Email discussion/approval for CSI feedback enhancements – Moonil (IDC)
· 1st check point: 11/5
· 2nd check point: 11/10
· 3rd check point: 11/12
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 #103-e
To be captured once agreement is made during this meeting
Proposals for 1st check point
FL’s proposal #1:
· For new triggering method for A-CSI on PUCCH, DL DCI is used for triggering A-CSI on PUCCH if supported
· Companies are encourage to evaluate A-CSI on PUCCH triggered by DL DCI with following baseline schemes until RAN1 #104-e.
· SP-CSI on PUCCH (supported in Rel-16)
· A-CSI on PUSCH (supported in Rel-16)
· P-CSI on PUCCH (supported in Rel-16)

FL’s proposal #2:
For Case-1 New reporting, the following candidate schemes have been identified, study further on the schemes except for Scheme 1b-2. Companies encouraged to evaluate the identified schemes with baseline assumptions unitil RAN1 #104-e:
· Scheme 1a: New report type based on CQI/SINR statistics
· Scheme 1a-1: CQI/SINR statistics (e.g., mean, variance, etc.)
· Scheme 1a-2: CSI prediction
· Scheme 1b: New report type of interference statistics
· Scheme 1b-1: interference statistics (e.g., mean, variance, etc.)
· Scheme 1b-2: interference covariance matrix
· Scheme 1c: New report type based on modifying existing reporting format
· Scheme 1c-1: Worst-M CQI
· Scheme 1c-2: Worst-Best CQI
· Scheme 1c-3: Wideband CQI excluding worst Q-subbands
· Scheme 1c-4: 3-bit differential CQI
· Scheme 1c-5: 4-bit suband CQI
· Scheme 1d: Other enhancement
· Scheme 1d-1: CSI expiration time indication
· Scheme 1d-2: CSI report with interference update only
· Note: a combination of the abovementioned schemes is not precluded

FL’s proposal #3:
· For Case-2 new reporting type, following candidate schemes have been identified, and schemes other than Scheme 2a-1 are not further considered:
· Scheme 2a: New report for OLLA performance enhancement
· Scheme 2a-1: decoding margin from the target BLER
· Scheme 2a-2: reason for decoding failure
· Scheme 2b: New report to assist HARQ retransmission
· Scheme 2b-1: number of required retransmissions
· Scheme 2b-2: HARQ RV sequence recommendation
· Scheme 2c: New report to assist beam management
· Scheme 2c-1: Indication of prediction of beam blocking / coverage hole
· Scheme 2c-2: UE request for CSI measurement to update CSI for a new Tx-Rx beam pair

FL’s proposal #4:
· No CSI processing time reduction for the existing CSI reporting scheme
· CSI processing time reduction can be studied for a new reporting type (if supported)
· No further discussion until a relevant new reporting type is agreed

FL’s proposal #5:
· No further study on CSI feedback for PDCCH under IIoT/URLLC enhancement WI
Proposals for 2nd check point
TBD
Proposals for 3rd check point
TBD
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 [3], vivo [4], Ericsson [5], CATT [6], CMCC [7], Spreadtrum [9], ZTE [15], NEC [16], Panasonic [19], NTT DOCOMO [24]
· Trigger reporting based on traffic needs [3][7][24]
· Less uplink overhead than A-CSI on PUSCH in DL-heavy scenarios, or SP-CSI/P-CSI with low periodicity [3][9][24]
· Wideband P-CSI may not be accurate enough [7]
· More flexible than UL-related DCI [7]
· Transmission of single PDCCH transmission instead of two PDCCH with A-CSI on PUSCH [3][15][16]:
· 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
· Provide timely CSI feedback and avoid large scheduling latency in TDD [16]
· A-CSI cannot be multiplexed on short PUSCH (1-2 symbols) for URLLC [19]

· Study: LG [8], Apple [13], Nokia [17], InterDigital [18], Lenovo [22], Sharp [23]
· How to determine PUCCH resource and timing [8][17][22]
· Which DCI field is used for triggering [8]
· Total number of activated trigger states needs to be limited [13], flexibility [17] 
· Additional fields needed [17]
· Possible impact to MAC CE (trigger state selection) [17]
· May be used to reduce overhead of new report type [18]
· No benefit if UE has data to transmit in UL as A-CSI on PUSCH can be used with same delay (AR/VR require some UL traffic) [23]
· No: Samsung [10], Intel [20], Mediatek [21]
· UE would not need to report A-CSI for every PDSCH reception [10]
· DCI requires additional bits for CSI request field [10][20]
· CSI reporting on PUCCH may be dropped because priority 0 [10]
· CSI reporting on PUCCH may not meet reliability requirement to impact BLER [10]
· SP-CSI on PUCCH can be used instead, using MAC CE [10]. Reporting every 10 ms is sufficient for UE speed of 3 km/h (coherence time of ~22 ms) [21]
· SP-CSI works better for random packet interarrival time and periodic traffic (factory automation) [10]
· If CSI and HARQ-ACK are combined in same resource, need to address codebook issues with missing assignments, need to delay HARQ-ACK compared to processing capability 2 and increased probability of error with larger payload [10][21]
· If CSI and HARQ-ACK are in separate resources, additional overhead to indicate resource/timing of CSI resource in DCI [10]
· A-CSI triggering not in scope as it does not relate to improving MCS selection [10] 
· Waste of resource/increased power consumption since no retransmission is needed 99% of the time [12]
· Accuracy of the CSI report is limited by interference burstiness [20]

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 [3], ZTE [15], Qualcomm [25]
· Very small uplink overhead compared to P/SP-CSI with short periodicity [3]
· P/SP-CSI may not provide fresh information since there is no processing time requirement [3]
· Difficult to meet 1-2 ms latency if gNB needs to trigger CSI-RS [3]
· Avoids excessive overhead of low CSI-RS periodicity/CSI report [3][25]
· Can be used with semi-persistently scheduled PDSCH [25]
· No: Spreadtrum [9], Samsung [10], Panasonic [19], Mediatek [21], Nokia [17]
· No benefit over DL DCI triggering [9]
· NACK-based CSI would be infrequent event [10]
· Cannot dynamically indicate time offset and PUCCH resource (unless coupled with DCI)
· Would require blind decoding of PUCCH if CSI multiplexed with HARQ-ACK [19]
· No CSI available for further TB transmission in case of ACK [19]
· May increase power consumption by requiring unnecessary A-CSI computation 99% of the time [21]
· gNB can always schedule very conservatively after a NACK which occurs <1%, thus little impact on spectral efficiency [10]
· Reduced network control over CSI reporting [17]
· Overhead from frequent CSI-RS transmission [17]

Several contributions discuss potential benefits and drawbacks of supporting triggering a A-CSI report by group DCI:
Issue #1-3: Support A-CSI triggering on PUCCH by group DCI
· Yes: Intel [20]
· Allows for link adaptation of initial PDSCH transmission
· No additional overhead to unicast DCI formats
· Can minimize specification impact by following A-SRS triggered by GC-DCI
· Maybe/study further: Samsung [10], Sharp [23]
· No: CATT [6], Spreadtrum [9], ZTE [15], Nokia [17], Mediatek [21]
· Inefficient use of group DCI resource since packet arrivals are not synchronous between UEs [6][15][17]
· No benefit over A-CSI on PUSCH w/o UL-SCH from PDCCH overhead perspective [6][21]
· A-CSI report is related to UE-specific requirement [9]
· Requires new DCI format, RNTI, issues with DCI size budget, UE blind decoding burden [17]

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 [25]
· To provide new report quickly when conditions start degrading [25]

Observations on new triggering methods.
· A majority of companies support triggering A-CSI from DL assignment. However, other companies expressed concerns that this may not provide benefit in the targeted scenarios.
· Huawei [3], Samsung [10], ZTE [15], InterDigital [18] provided evaluation results:
· Huawei [3] observes gain of 37% in ratio of UEs satisfying 1 ms latency and 99.999% reliability at high load (500 p/s)
· Samsung [10] observes loss from 90.2% to 84.6% in ratio of UEs satisfying 4 ms latency at 99.999% reliability, compared to SP-CSI on PUCCH
· ZTE [15] observes a reduction of resource utilization from 1.59% to 1.38%
· InterDigital [18] does not observe performance improvement when reducing periodicity of subband PMI/CQI below 20 ms in the considered scenarios, where the channel variations are slow.
· So far, no improvement is found in terms of percentage of UEs satisfying reliability requirement (over SP reporting with period of 20 ms)
· Improvements are observed in terms of DL resource usage (e.g. PDCCH overhead) assuming that the network would otherwise request A-CSI on PUSCH
· [3] appear not to use baseline assumptions agreed in RAN1#102-e.

Several companies discuss more detailed aspects related to A-CSI report on PUCCH such as resource provision and timing indication. Such details could be addressed if/when there is consensus to support A-CSI on PUCCH.
Issue #1-5: Resource/timing for A-CSI report
· Option 1: DCI field (e.g. PRI)
· Ericsson [5], LG [8], ZTE [15], Panasonic [19], NTT DOCOMO [24]
· Option 2: Next available periodic PUCCH resource
· Ericsson [5]
· Option 3: Same resource as HARQ-ACK
· ZTE [15]
· Option 4: RRC
· Panasonic [19], Qualcomm [25]
· Option 5: DCI indicates PUCCH resource or (RRC-configured) PUSCH
· NEC [16]

E-mail discussion (1st round) for Topic #1
Based on the observations in the section 6.1, it is difficult to draw a conclusion whether to support or not a new triggering scheme for A-CSI on PUCCH due to the limited number of evaluations showing benefits of new triggering scheme [3][15].

Question 1-1: Considering that we have only few evaluation results for A-CSI on PUCCH with new triggering method in this meeting, do we need an additional round of the evaluation with detailed options to be considered? 

	Company
	Yes/No
	Comments

	FUTUREWEI
	No
	Given the majority of the companies support triggering A-CSI from DL assignment, we support adopting this as an agreement. 

	Ericsson
	No
	It should be clarified what’s meant by “A-CSI on PUCCH with new triggering method”. Does this refer to (a) triggering mechanism and the transmission mechanism (i.e., PUCCH), or (b) this also includes the content of A-CSI (e.g., new reporting type)? 
In our view, it should be (a) only, i.e., A-CSI on PUCCH sending existing CSI report. Thus the benefit lies in the better PDCCH availability (i.e., DL DCI can be used to trigger, in addition to UL DCI) and PUCCH resource efficiency (as compared to P/SP-CSI on PUCCH).

	HW/HiSi
	No
	There are multiple advantages to support new-triggering that are obvious also without simulation. 
For A-CSI triggered by DL DCI compared to using an UL grant, the control overhead is reduced, the reliability is increased (just need to detect on DCI), the latency is optimized (since the UL grant otherwise could need to be sent later), and no extra BDs/channel estimates need to be performed. Furthermore, it opens up more possibilities for the PUCCH feedback, for example sending HARQ-ACK and feedback together and using it for the re-TX.
A-CSI triggered by NACK is very useful to reduce the UL overhead, especially for dense periodic traffic.
We are not sure what Ericsson mean in their comment “sending existing CSI report”. We think at this stage the A-CSI report that can be triggered shall not be limited to an existing CSI report types. The group is discussing new CSI report types as well, also those should be possible to be triggered with the new method.

	QC
	Yes
	The gain of A-CSI on PUCCH triggered by DL DCI is not clear, based on the simulated results available so far. We need more simulation results to justify the gain of the scheme before draw a conclusion. Also, consider the huge spec impact to introduce this feature, we don’t think it is reasonable to agree supporting this feature without solid gain observed. 

	Nokia
	Yes
	It seems reasonable conclusion based on the available simulation studies such that more companies provide inputs.

	CMCC
	No
	We think the advantages of A-CSI triggered by DL DCI is obvious, especially for DL dominant URLLC traffic.

	ZTE
	No
	The evaluation results for A-CSI on PUCCH with new triggering method by now have shown the benefit, we should adopt it as agreement.

	Intel
	No
	In [20] we’ve performed evaluation of our interpreration of new triggering mechanism of A-CSI benefits. In our understanding it mainly targets faster delivery of CSI, and potentially NACK-triggered CSI for retransmission optimization.
Both schemes (faster CSI and NACK-triggered CSI) do not show gains.
We think further analysis is not required, and A-CSI triggered by DL assignments should not be further pursued.

	DOCOMO
	No
	The advantage of A-CSI on PUCCH is obvious. In DL heavy scenario, there are few UL data transmission. In such a case, A-CSI on PUSCH by UL grant DCI is inefficient escpecially if the PUSCH is without UL-SCH. Therefore, the A-CSI on PUCCH by new triggering method such as by DL grant DCI is beneficial.

	LG
	No
	As Ericsson mentoned, if we assume the contents of CSI report are same, differences between A-CSI on PUCCH and existing A-CSI are triggering method and UL resource for A-CSI. The benefit of A-CSI are dependent to PDCCH availability, PUCCH resource reliability and existence of UL-SCH traffic, which is hard to be shown in evaluation. In other word, the performance of A-CSI on PUCCH are highly scenario dependent. Thus, we cannot sure whether further evaluation is helpful. 
In representative URLLC scenarios, periodic UL/DL traffic (e.g., motion control) or aperiodic small data (e.g., smart grid) is considered. In both cases, gain of A-CSI on PUCCH is difficult to be shown. Moreover, in terms of PDCCH availability, SP-CSI triggered by MAC-CE could be alternative. Regarding uplink resources, A-CSI on PUCCH method would need seprated PUCCH resource due to the current CSI computation time. Then, gain A-CSI on PUCCH woud be ambiguous in term of UL resource utilization. 

	Lenovo, Motorola Mobility
	
	In our view, it would be good to first establish in this meeting, whether this scheme is within the WID scope (whether it allows for more accurate MCS selection); if that is settled; then next meeting, companies can provide additional results.

	InterDigital
	Yes
	It may be difficult to reach consensus without additional results showing benefits of A-CSI on PUCCH. 

	vivo
	Yes
	It is necessary to provide more simulation results.
From our observation, the current baseline assumptions agreed in RAN1#102-e result in very low RU for the simulation, e.g. lower than 5%. With such assumptions, it is difficult to  reflect the performance even for the existing mechanism and also the enhanced scheme. So, in order to investigate the potential improvement from the enhancement scheme compared to the existing method, the baseline assumptions need to be updated to increase the RU, e.g. increasing the traffic load or modeling the eMBB interference.
Besides, the methods on how to increase the traffic load or modele the eMBB interference should be further discussed for better alignment among companies’ results.

	Samsung
	No
	A-CSI triggered by DL assignment has shown to not provide any meaningful benefit for URLLC and should not be further pursued. It is also not part of the WID.

	Sony
	No
	The only benefit for A-CSI triggered by DL Grant if there are PDSCH repetitions, where UE can indicate termination of repetitions and gNB can use A-CSI to increase subsequent PDSCH power.
The use of DL Grant triggered A-CSI for retransmission is dubious. 

	MediaTek
	No
	We don’t think more evaluations will change the fact that there is no gain from A-CSI on PUCCH. The topic has been discussed in length during R16 SI. Based on the latest contribution in R17, there is no change on this.



Question 1-2: if yes for the Question 1-1, what options should be evaluated with the baseline assumptions to down select in the next meeting? Any additional options to add for evaluation?
· Option-1: A-CSI on PUCCH triggered by DL DCI
· Option-2: A-CSI on PUCCH triggered by PDSCH NACK
· Option-3: A-CSI on PUCCH triggered by GC DCI
· Option-4: SP-CSI on PUCCH (supported by Rel-16)
· Option-5: A-CSI on PUSCH (supported by Rel-16)
· Option-6: P-CSI on PUCCH (supported by Rel-16)

	Company
	Options to be evaluated {1,2,3,4,5,6}
	Comments

	Ericsson
	1 (if evaluated) 
	The question is a bit confusing. Option 1-3 are new enhancements to be evaluated, Option 4-6 are existing mechanism and for comparison with Option 1-3 only? 
In our view, if necessary, Option-1 can be evaluated, and compared with Option-5.
The evaluation is on triggering mechanism and reporting mechanism, and not on content being reported. Thus, existing CSI should be reported.

	HW/HiSI
	
	Option 1 and Option 3:
The disadvantage of Option 3 compared to Option 1 is that two different DCIs need to be monitored and detected. This decreases the reliability and requires more PDCCH monitoring. Also, the latency to some UEs might become worse with a GC approach. We have comparted the performances of both schemes in R1-1903190 and it is seen that A-CSI on PUCHH is performing better.

	QC
	Option-1, option-2, and option-5 + option 6 
	In our view, Option 5+6 is the Rel-16 baseline to run the system with CSI feedback. Any enhancement of CSI feedback mechanism need to show substantial gain over the baseline, before it is justified to be introduced in future releases. Option 2 is competiting scheme of CSI enhancement and it should be evaluated as well. 

	Nokia
	Option 4 (and 5)
	SP-CSI on PUCCH is the closest already supported scheme to A-CSI on PUCCH. 
The proponents of option 1-3 should try to justify the needed specification work and impact on DCI, MAC-CE, etc, to support A-CSI on PUCCH, by a reasonable gain compared to SP-CSI on PUCCH.   

	ZTE
	1,2,5,6
	Option-5 A-CSI on PUSCH is the baseline.
Option-6 P-CSI on PUCCH should be supported in all the other options paparallely.
The effect of overhead of UL grant should be considered in the evaluation.
The RU is an important metric to be evaluated as reduction of overhead could release more resources for service and bring the percentage gain.

	Lenovo, Motorola Mobility
	Options 4 and 5
	

	InterDigital
	1, 2, 4, 5, 6
	Option 1 and 2 have significant support and should be evaluated in priority. Option 3 has very little support and could be de-prioritized.
Options 4, 5 and 6 need to be evaluated to determine a proper baseline. A-CSI on PUSCH (Option 5) may not bring significant benefit over SP-CSI on PUCCH (Option 4) in the URLLC scenarios, but have higher overhead cost. In this case the Option 4 would be a more proper baseline.

	vivo
	
	Option 6 as the baseline scheme should be evaluated. Option 4 is similar to option 6 except the overhead.
Option 1 or option 2 can be further evaluated. 
Other options can be submitted depending on companies.

	Samsung
	Option 3 only
	Option 3 is the only option providing functionality that is not supported in Rel-16 and can benefit periodic traffic that is applicable to the Rel-17 WI.

	Sony
	None
	The question is asking which options require further evaluation.

	MediaTek
	None
	




Summary:
The majority companies think no further evaluation is necessary and
· It should be supported because
· The benefit is obvious as it can reduce DL/UL overhead: CMCC, HW, DCM, E///
· The Majority support it: FW
· Existing evaluation results show the gain: ZTE
· It shouldn’t be supported because
· No performance benefit from the evaluation: Intel, SS
· No benefit without PDSCH repetitions: Sony
· No performance gain will be observed even with more results: MTK
On the other hand, there are 4 companies (QC, Nokia, IDCC, vivo) think further evaluation is necessary since 
· Not enough evaluation results to make a decision: Nokia
· The gain from A-CSI on PUCCH triggered by DL DCI is not clear yet: QC, IDCC
· Current evaluation assumptions have to be changed to see the gain: vivo

Companies’ position:
· Further evaluation is required to make decision to support A-CSI on PUCCH with new triggering scheme
· Yes: QC, Nokia, IDCC, Vivo (4)
· No: FW, E///, HW, CMCC, ZTE, Intel, DCM, LG, SS, Sony (10)
· Which option to evaluate further
· Option-1: E///, QC, ZTE, IDCC
· Option-2: QC, ZTE, IDCC
· Option-3: SS
· Option-4: Nokia, IDCC
· Option-5: QC, Nokia, ZTE, Lenovo, IDCC
· Option-6: QC, ZTE, Lenovo, IDCC
· Companies’ position for Option-1/2/3
· Option-1: A-CSI on PUCCH triggered by DL DCI
· Support: HW, vivo, E///, CATT, CMCC, Spreadtrum, ZTE, NEC, Pana, DCM(10)
· Not support: SS, Intel, MTK (3)
· Study further: LG, Apple, Nokia, IDCC, Lenovo, Sharp (6)
· Option-2: A-CSI on PUCCH triggered by PDSCH NACK
· Support: HW, ZTE, QC (3)
· Not support: Spreadtrum, SS, Pana, MTK, Nokia (5) 
· Option-3: A-CSI on PUCCH triggered by GC DCI
· Support: Intel (1)
· Not support: CATT, Spreadtrum, ZTE, Nokia, MTK, IDCC (6)
· Study further: SS, Sharp (2)

Based on the input’s from the company, it is still difficult to draw a conclusion at this point because the companies who don’t want further evaluation are divided to two camps for supporting or not supporting the scheme.
Among the A-CSI on PUCCH triggering methods, the Option-1 is supported by majority companies while the other Options are supported by a few companies and a larger number companies against to it.
Therefore, at least we could try to narrow down options for A-CSI on PUCCH triggering methods and evaluate further to draw conclusion in the next meeting.

FL’s proposal:
· For new triggering method for A-CSI on PUCCH, DL DCI is used for triggering A-CSI on PUCCH if supported
· Companies are encourage to evaluate A-CSI on PUCCH triggered by DL DCI with following baseline schemes until RAN1 #104-e.
· SP-CSI on PUCCH (supported in Rel-16)
· A-CSI on PUSCH (supported in Rel-16)
· P-CSI on PUCCH (supported in Rel-16)
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
Several contributions propose new report types for CQI/SINR based on statistics or filtering from measurement resources. The reported quantity can correspond to a function (or filter) of a set of measurement samples of CQI/SINR, including an average, variance, percentile or prediction.
 
Issue #2-1: Support new report type based on CQI/SINR statistics (e.g. mean, variance, percentile, predicted CSI)
· Yes: Futurewei [2], Ericsson [5], Nokia [17], Intel [20], Qualcomm [25]
· Allow network to set conservative MCS with a certain margin [2]
· Requires less UL overhead and complexity than network estimating variance from UE CSI reports[2][5]
· More accurate link adaptation for low target BLER and bursty interference [17]
· Averaging/filtering can combat interference uncertainties in bursty traffic [20]
· Study: ZTE [15], Lenovo [22], Qualcomm [25]
· Configure channel/interference filtering (number of occasions) [15]
· Need for additional resources, time window size [22]
· Consider case when URLLC traffic is sporadic [22]
· No: CATT [6], Samsung [10]
· Performance gain depends on algorithm used at gNB. Should be discussed in MIMO SI/WI. [6]
· Network can use antenna or frequency diversity to cope with short-term interference variations [10]

Several companies discuss new report types based on separately reporting interference statistics:
Issue #2-2: Support new report types based on interference statistics
· Yes: Futurewei [2], Huawei [3]
· More accurate estimate of interference covariance matrix for MU-MIMO compared to gNB utilizing CQI for reconstructing matrix [3]
· Less sensitive to sub-optimal UE pair selection by SRS [3]
· Processing simpler than traditional CSI computation [3]
· Study: Qualcomm [25]
· Mean, time-domain autocorrelation, percentile of interference
· No: CATT [6], Samsung [10], ZTE [15]
· Difficult to perform testing for the reporting (this is explicit feedback) [6]
· Already discussed in several releases of LTE and NR. Should be discussed in MIMO SI/WI. Not enough time in URLLC WI. [6]
· Performance gain depends on algorithm used at gNB side [6]
· gNB can use RSRP/RSRQ/RSSI/SINR reports [10]
· High standardization effort to define new CSI feedback overhead and processing latency [15]

One company proposes a new report type (CSI expiration time) to assist configuration (periodicity) of CSI feedback:
Issue #2-3: Support new report types for assistance information
· Yes: Qualcomm [25] – CSI expiration time

Several contributions propose enhancements that could be considered modifications to existing CQI report type framework. The UE measurement and processing to report these new formats should be similar to existing processing, but the overhead and/or accuracy may be different.
Issue #2-4: Support new report types based on modifying existing formats
· Simplify report quantity of subband CSI feedback [7]
· Worst-M CQI
· Support: Nokia [17] (lowest measured quality is what is most important for URLLC)
· Study: Lenovo [21] (does not rely on UL DCI triggering but additional PUCCH payload)
· No support: Samsung [10] (Best-M CQI is optimal)
· Worst-Best CQI
· Support: Qualcomm [25] (rely on worst-case to be conservative but not too much)
· Wideband CQI excluding lowest-Q subbands
· Support: Mediatek [21] (smaller CQI offset range, relies on gNB avoiding worst subbands)
· 3-bits differential CQI
· Support: Mediatek [21] (Reduce MCS prediction error)
· 4-bits subband CQI (no differential CQI)
· Support: Huawei [3] (2-bits differential CQI has large MCS prediction errors)
· No support: Nokia [17] (Can obtain same or better performance with worst-M at lower uplink overhead cost)

Observations on new report types (Case 1)
· Enhancements to report statistical CQI/SINR gather support/interest of largest number of companies among the above schemes
· Huawei [3], Ericsson [5], Nokia [17], Mediatek [21] provided evaluation results for some of the above schemes:
· Huawei [3] observes that reporting of interference covariance matrix can increase the total number of UEs with 100% availability from 80 (or 90) to 110, and can decrease resource utilization by 20%. This is for indoor factory (sub-scenario 4) environment affected by macro base station 60 m away. 
· Ericsson [5] observes that reporting CQI mean and variance results in 90% of satisfied UEs compared to between 9 and 80% satisfied UEs (for different SINR backoffs applied and baseline CQI, in R15-enabled scenario).
· Nokia [17] observes that worst-2 CQI, SINR standard deviation and 4 bits subband CQI increases the percentage of satisfied UEs from ~36% to 100% in factory automation.
· Nokia [17] observes that worst-2 CQI has average PRB utilization 20% lower than 4-bits subband CQI
· Mediatek [21] observes that with 3-bit differential CQI, 99% of the subband CQI information are reported with 0.7% in negative CQI offset and 0.3% in positive CQI offset. With R16 differential CQI, 82% of the information is reported with 16% in negative CQI offset and 2% in positive CQI offset. This is using a CDL-C channel model.
· There is not a sufficient number of evaluations for each scheme and across companies to assess relative performance. In addition, only [5] and [17] appear to use baseline assumptions agreed in RAN1#102-e.

E-mail discussion (1st round) for Topic #2
Based on the observation in the section 7.1, the proposed schemes are still diverging with missing details and the number of evaluation results are limited. Therefore, it is difficult to narrow down options without further evaluation of the proposed schemes.

Question 2-1: Due to the limited number of evaluations and no details of some of the schemes proposed, do we need to identify all candidate schemes and evaluate to narrow down in the next meeting?

	Company
	Yes/No
	Comments

	FUTUREWEI
	No
	It seems it is possible to find common points among some of the schemes under this topic.  So we suggest proponents under this topics to find common points for moving forward.

	Ericsson
	Yes
	

	HW/HiSi
	
	Considering the number of papers and proposals that have been submitted, this topic is very important. Most proposals, even if they are diverged in their details, address how to deal with interference, though. 
Before discussing more simulations, maybe we could try to make some conclusion and categorizations based on what companies have provided so far? Then, it might be more easy to define useful assumptions for further evaluation of certain schemes.
We observe that most companies regard the interference measurement and its reporting as an important issue, because it is the most dominant part of the short term channel state variation.
Maybe we can firstly try to achieve some observation or conclusion based on companies’ contributions about interference? We are not sure if more simulations are needed. But if yes, it could be good to focus them on scenarios where companies have interest.
As a side comment, interference measurement and reporting also seems to be a good candidate to focus on for CSI computation time reduction.

	QC
	Yes
	We are open to conduct more study to let companies provide more details of their schemes and provide simulation results. 

	Nokia
	No

	Based on the performance evaluation results provided by the different companies, it seems generally beneficial for URLLC to have new report types such as Worst-M CQI and statistical SINR/CQI reporting. 
Companies who submitted results for Case 1 seems to be showing gains, and it would make more sense that RAN1 agree to support Case 1 and further study variants (which are justified by some evaluation results). With such an approach, we may be cross-compare different proposals and make good progress in the next meeting. 
Some other enhancements lack proper evaluations, thus not possible to come to a conclusion yet. 

	CMCC
	
	We think it is better to first categorize these proposed schemes.

	ZTE
	Yes
	We propose to study configuration of channel/interference filtering.

	Intel
	Yes
	We see the potential for gains for these techniques, however did not observe clear gains from initial internal results. Thus propose to continue the study phase.

	DOCOMO
	Yes
	Considering the number of proposals and presented pontential gains, we think it is better to study further.

	LG
	
	Firstly, we need to clarify whether to support new report type also for existing CSI reporting (i.e., regardless of the discussion of A-CSI on PUCCH). If so, we can narrow-down proposed scheme based on commnality and majority views. However, we cannot sure how to evaluate those performances since the performance gain could be dependent to gNB and UE implementation. 

	Lenovo, Motorola Mobility
	Yes
	

	InterDigital
	Yes
	

	vivo
	
	We think it would be helpful to do some categorizations of different enhanced schemes that have been proposed so that companies are on the same page for further evaluation. 

	Samsung
	Yes
	Although we don’t think any of the above schemes is meaningful for URLLC, OK to down-select 1-2 of them and focus on agreeing on specific simulation assumptions/setups.

	Sony
	No
	We share similar views with Futurewei, Huawei and CMCC.  It will be good to first group the various schemes and then down select from there.

	MediaTek
	Partailly Yes
	Some companies has already provided evaluation results to some of the proposed enhancements. These enhancements (such as 3 or 4 bits sub-band CQI reporting) should be prioritized.
The details to some of the proposed enhancements are missing, and it is not clear what the gains are. Thus, more evaluations will be needed.



Question 2-2: Which schemes need to be evaluated for further study? Any addition scheme or sub-scheme to add?
· Scheme 1a: New report type based on CQI/SINR statistics
· Scheme 1a-1: CQI/SINR statistics (e.g., mean, variance, etc.) [2][5][17][20][25]
· Scheme 1a-2: CSI prediction [25] 
· Scheme 1b: New report type of interference statistics
· Scheme 1b-1: interference statistics (e.g., mean, variance, etc.) [2]
· Scheme 1b-2: interference covariance matrix [3]
· Scheme 1c: New report type based on modifying existing reporting format
· Scheme 1c-1: Worst-M CQI [17]
· Scheme 1c-2: Worst-Best CQI [25]
· Scheme 1c-3: Wideband CQI excluding worst Q-subbands [21]
· Scheme 1c-4: 3-bit differential CQI [21]
· Scheme 1c-5: 4-bit suband CQI
· Scheme 1d: CSI expiration time indication [25]
· Note: a combination of abovementioned schemes is not precluded.

	Company
	Schemes for further study
	Comments

	Ericsson
	1a-1, 1b-1,
1c-1, 1c-2, 1c-3
	For 1b-2 (interference covariance matrix [3]), the method and evaluation seem to rely on channel reciprocity (TDD). Our view is, RAN1 should study and evaluate schemes that works for both FDD and TDD. 

	HW/HiSi
	
	It It is difficult to down-select between so many schemes at this stage before further discussion and some categorization. 
It seems different schemes also have different advantages and could even be used together. Some schemes give better information about the long term statistics (e.g. mean, variance), and some give more accurate information about the instant interference situation (e.g. interference covariance).
Considering that the CSI enhancements are discussed as part of URLLC, we think the short term CSI schemes should have higher priority in this Work Item, but we want to emphasize that in our view these schemes are not necessarily mutual exclusive and could be considered together.
Another aspect that should be taken into account is the CSI processing time (see our answer to Q4.1), 
Also, the new inference measurement/reporting scheme could be combined with traditional CSI reports. For example, a traditional CSI could be reported with a large periodicity and could be complemented with fast interference reports.
Would it be possible to list the different schemes and to sort them after certain attributes firstly (e.g. long term statistics, instant interference information, CSI processing time) before to decide which schemes to evaluate (if any)?
Regarding the comments from Ericsson about the interference covariance matrix, there seems to be a misunderstanding, The covariance matrix does not assume channel reciprocity. The UE measures the DL interference and reports it back to the gNB. Nothing is related to uplink. This works for both TDD and FDD. 
We think that TDD is important. If enhancements would primarily be beneficial for TDD, then it is also ok to consider them further.

	QC
	1a-2, 1b-1, 1d, 1c-2
	We want to emphasize that the current CSI feedback can not provide NW enough information on CSI aging. Thus it is very hard for NW to set the correct CSI sampling periodicity/timing. CSI expiration time indication is a scheme to resolve this issue. 

	Nokia
	Scheme 1a-1, Scheme 1c-1, Scheme 1c-4, scheme 1d
	Scheme 1a-1 is supported by the majority and it makes sense that is used in the evaluations. 
We also think that scheme 1c-1 is simple to model, and our results show good gains. Also, the spec impact is minimal in this proposal.
We are ok to evaluate scheme 1d further as it might also relate to how the interference and channel measurements can correctly capture the SINR statistics.

	ZTE
	1a-1
	1a-1 gets more interest of companies.

	Intel
	1a-1, 1b-1, 1c-x
	We are fine to further study the listed techniques.

	Lenovo, Motorola Mobility
	First priority: 1a-1, 1b-1, 1c-1, 1c-5
Second priority: 1c-2, 1c-3
	1c-5 can serve as baseline for comparison. 1c-2, and 1c-3 seem to be modified versions of 1c-1.

	InterDigital
	1a-1, 1b-1, 1c-1, 1c-2, 1c-3, 1c-4
	Agree with Ericsson for 1b-2.

	vivo
	
	We think the new report for CSI is not only based on the new report type, but also the new measurement or computation method. 
CSI measurement based on interference measurement only and CSI report based on the existing report type should be evaluated. 
For typical URLLC/IIOT scenario, channel part for CSI measurement is slow-varying and interference may be sporadically happens. Therefore for some CSI measurement instances, UE can perform interference measurement only. For these instances, previous channel measurement results can be reused for generating the CQI. Channel part measurement and interference measurement can be decoupled.
So, scheme 1-e is proposed.
· Scheme 1e : CSI report with interference update only
To address the scenario with faster interference change, more frequent CQI report with only updating the interference part can be considered. This method can provide instant CSI report to better track the interference variance while keeping the CSI computation complexity low. 

	Samsung
	1a-1
	Samsung

	Sony
	
	There are 10 different schemes here.  It will be good not to be performing simulations on all 10 again in the next meeting.

	MediaTek
	1a-1,
1c-1, 1c-2 & 1c-3
1c-4 & 1c-5
	There is a need for some grouping to facilitate the evaluation.
In our view, 1c-4 and 1c-5 can be considered as one case for evaluation. Both schemes provide the same level of SB-CQI information and the only difference is the UL payload size. So, from performance enhancement (i.e. DL scheduling/MCS selection), both schemes should provide the gains.
We also, see some commonality between 1c-1, 1c-2 and 1c-3. All these three schemes try to handle the worst M-subbands with some differences on the reporting. Thus, these three schemes can be grouped together.



Summary:
No clear majority on a specific scheme yet although some scheme has more support than the others. Therefore, it is difficult to down-select one of the schemes for further study. At least for the Scheme 1b-2, a few companies raised concern on the scheme as it is limited to TDD.

FL proposal:
For Case-1 New reporting, the following candidate schemes have been identified, study further on the schemes except for Scheme 1b-2. Companies encouraged to evaluate the identified schemes with baseline assumptions until RAN1 #104-e:
· Scheme 1a: New report type based on CQI/SINR statistics
· Scheme 1a-1: CQI/SINR statistics (e.g., mean, variance, etc.)
· Scheme 1a-2: CSI prediction
· Scheme 1b: New report type of interference statistics
· Scheme 1b-1: interference statistics (e.g., mean, variance, etc.)
· Scheme 1b-2: interference covariance matrix
· Scheme 1c: New report type based on modifying existing reporting format
· Scheme 1c-1: Worst-M CQI
· Scheme 1c-2: Worst-Best CQI
· Scheme 1c-3: Wideband CQI excluding worst Q-subbands
· Scheme 1c-4: 3-bit differential CQI
· Scheme 1c-5: 4-bit suband CQI
· Scheme 1d: Other enhancement
· Scheme 1d-1: CSI expiration time indication
· Scheme 1d-2: CSI report with interference update only
· Note: a combination of the abovementioned schemes is not precluded



Topic #3: New reporting (Case 2)
Summary of issues for Topic #3
For new reporting based on other measurements, several contributions propose reporting additional information based on a PDSCH decoding “margin” that could be defined in different ways. The gNB can use this additional information to improve outer-loop link adaptation with very low BLER target.
Issue #3-1: Support new reporting for OLLA performance enhancement 
· Support: Ericsson [5], CATT [6], Oppo [11], Sony [12], ZTE [15], Nokia [17], InterDigital [18], Qualcomm [25]
· Report low or high margin depending on number of LDPC iterations [5]
· MCS offset compared with last PDSCH [6][11]
· Small CSI range [11]
· Reason for decoding failure [12]
· Delta-SINR [15]
· Absolute value of BLER Probability exponent [17]
· Instantaneous CQI/MCS feedback based on PDSCH decoding [25]
· Study: Futurewei [2], Samsung [10]
· What metric is used and how to test [10]
· Feasibility with short bursts [10]
· Impact on HARQ-ACK payload/coverage [10]
· Need to limit bundled information [5]
· No support: Intel [20]
· Optimizing MCS accuracy only for retransmissions does not improve performance [20]

2 contributions propose the following additional reporting to assist the network selecting proper transmission parameters after PDSCH decoding failure (NACK).
Issue #3-2: Support new reporting to assist HARQ retransmissions
· Number of required retransmissions: Sony [12] (May be useful for larger SCS)
· Recommended HARQ RV sequence (based on PDSCH): Apple [13] (UE knows status of soft bits)

2 contributions propose the following additional reporting to prevent performance loss in scenarios where beamforming is used:

Issue #3-3: Support new reporting to assist beam management
· Indication of prediction of beam blocking / coverage hole: III [14] (UE can detect this based on positioning or other information)
· UE request for CSI measurement to update CSI for a new Tx-Rx beam pair: Qualcomm [25] (UE can detect this based on e.g. UE rotation)

Observations on new report types (Case 2)
· ZTE [15], InterDigital [18], Qualcomm [25] provided evaluation results showing gain of new reporting for OLLA enhancement in terms of percentage of satisfied UEs, packet success rate or resource utilization.
· ZTE [15] observes that the % of satisfied UEs increases to 96% compared to 90% in baseline when UE provides a delta-SINR in factory automation scenario.
· InterDigital [18] observes that the % of failed packets decreases to 0 (from 0.015%) while the average PDSCH resource usage increases from 5.1 to 6.2 PRBs when the UE reports that SINR of PDSCH is within 3 dB of the threshold for target BLER, in R15-enabled scenario.
· Qualcomm [25] observes that the resource utilization for retransmissions decreases by up to 36% when instantaneous CQI of PDSCH is reported compared to baseline (in both cases all UEs are satisfied).

E-mail discussion (1st round) for Topic #3

Based on the observation in the section 8.1, similar to the Case-1, the proposed schemes are still diverging with missing details and the number of evaluation results are limited. Therefore, it is difficult to narrow down options without further evaluation of the proposed schemes.

Question 3-1: Due to the limited number of evaluations and no details of some of the schemes proposed, do we need to identify all candidate schemes and evaluate to narrow down options in the next meeting?

	Company
	Yes/No
	Comments

	FUTUREWEI
	Yes
	Different from the situation in Topic #1, there is a lack of majority support for a specific scheme under Topic #3.  Therefore we suggest proponents of the schemes under Topic #3 provide evaluation results and try to find common points among the schemes.  

	Ericsson
	Yes
	The schemes listed under Issue#3-1 “Support new reporting for OLLA” should only include schemes that act on successful decoding (ACK). Schemes that act on failed transmission are not for OLLA, and should be moved somewhere else, for example, “Reason for decoding failure” is moved under Issue#3-2.

	HW/HiSi
	
	There is quite some interest in this issue, considering the number of papers that have been submitted. However, the proposals also seem to be rather wide spread. Similar to our thinking on Topics 1 and 2, we believe some categorization and discussion should be done firstly. This could help to focus the efforts before conducting a further evaluation.

	QC
	Partially YES
	Here, the sitation is different from the situation in Topic 1. In Topic 1, the simulation results are opposite: results from Huawei showed gain, results from Samsung showed loss, and the results from ZTE only showed very margin gain. On this topic, all results from three companies showed performance gain. The the results for this topic #3 are more consistent than the results for topic #1. 

	Nokia
	Yes
	We also plan to provide more analysis on this such that a good selection can be done.

	ZTE
	Partially YES
	From companies’ simulation about this issue, the gain is valid. We will consider to investigate the gain under heavy load. We think OLLA enhancement is very important, for OLLA enhancement,  the new reporting e.g., Delta SINR report could be for both ACK and NACK decoding result. 

	Intel
	
	There is no evidence from evaluated schemes that performance can be improved in typical cases. Two sources show the evaluation in very low RU condition, where there is no issue with scheduling a bit more conservatively and achieve better reliablity.
One source shows RU gain for retranmissions. But the probability of retransmissions is very small. Thus the total gain of RU would be RU_retx * P_retx, that is negligible.
We are open to take more time for more thotough evaluation.

	LG
	
	We believe that topic #3 is for reducing UE burden with similar performance gain to CSI, so that gNB can do link adaptation immediately. In other words, the necessity of those schemes are up to CSI computation time. In this point of view, we would like to suggest to discuss whether to reduce CSI computation time first, and back to this topic. 

	InterDigital
	Yes
	

	vivo
	
	See the comment in Question 1-1. We suggest to further align the simulation assumptions firstly before evaluation.  And it would be useful to categorize the proposed enhanced scheme as much as possible. 

	Samsung
	Yes
	Same comment as for Question 2-1. We can focus on down-selecting 1-2 schemes at this meeting. However, there are several flavors even for a same scheme (e.g. for OLLA). Overall, it is fundamentally questionable whether any of the proposed schemes can be beneficial for URLLC and should avoid a tendency of treating URLLC as eMBB in order to promote certain proposals.

	Sony
	Yes
	Further evalutaions and considerations will be useful.  

	MediaTek
	
	We don’t expect gain from these schemes. However, we are open for further study and evaluation.



Question 3-2: Which schemes need to be evaluated for further study? Any addition scheme or sub-scheme to add?
· Scheme 2a: New report for OLLA performance enhancement
· Scheme 2a-1: decoding margin from the target BLER [5][6][11][15][17][25]
· Scheme 2a-2: reason for decoding failure [12]
· Scheme 2b: New report to assist HARQ retransmission
· Scheme 2b-1: number of required retransmissions [12]
· Scheme 2b-2: HARQ RV sequence recommendation [13]
· Scheme 2c: New report to assist beam management
· Scheme 2c-1: Indication of prediction of beam blocking / coverage hole [14]
· Scheme 2c-2: UE request for CSI measurement to update CSI for a new Tx-Rx beam pair [25]
· Note: a combination of abovementioned schemes is not precluded.

	Company
	Schemes for further study
	Comments

	FUTUREWEI
	
	It is up to the proponents of the schemes to decide.  It seems Scheme 2a-1 has more companies to support.

	Ericsson
	2a-1
	· There are quite a few variations to study under Scheme 2a-1 already.
· MIMO is the better agenda item for Scheme 2c, not IIoT. 

	QC
	2a-1 and 2c-2
	2a-1 can assist gNB to do better/more accurate MCS selection. 
2c-2 can improve the reliability of the URLLC service, which is important for FR2. Leaving FR2 related enhancement out for URLLC is not reasonable. 

	Nokia
	Scheme 2a-1

	This is the main direction that companies suggest within this discussion. 

	ZTE
	2a-1
	Interest of lots of companies is focus on scheme 2a-1.

	Intel
	Scheme 2a-1
	Fine to continue evaluation of Scheme 2a-1 as the most basic, but overall skeptical about the results of this study.

	InterDigital
	2a-1
	It is unclear how one would evaluate 2a-2
The potential gains from schemes 2b appear small since the potential spectrum efficiency gain would only be for retransmissions which are rare.
Schemes 2c are more related to MIMO

	Samsung
	Scheme 2a
	Should keep it general as there are many unknowns/issues with each specific proposal. 
Scheme 2b is unlikely to provide any realistic gain
Scheme 2c should be under Rel-17 MIMO.

	Sony
	2a & 2b
	

	MediaTek
	2a-1
	



Summary:
It is observed that all companies show interests to study further on Scheme 2a-1. The other schemes seem to be supported by no company or very few. Given that the Scheme 2a-1 still has a lot of variants, it would be good if we can focus on the Scheme 2a-1 for the progress.

FL’s proposal:
· For Case-2 new reporting type, following candidate schemes have been identified, and schemes other than Scheme 2a-1 are not further considered:
· Scheme 2a: New report for OLLA performance enhancement
· Scheme 2a-1: decoding margin from the target BLER
· Scheme 2a-2: reason for decoding failure
· Scheme 2b: New report to assist HARQ retransmission
· Scheme 2b-1: number of required retransmissions
· Scheme 2b-2: HARQ RV sequence recommendation
· Scheme 2c: New report to assist beam management
· Scheme 2c-1: Indication of prediction of beam blocking / coverage hole
· Scheme 2c-2: UE request for CSI measurement to update CSI for a new Tx-Rx beam pair
Topic #4: Other enhancements
Contributions discuss enhancements that do not fall in one of the above categories. Some of these enhancements were captured between square brackets at RAN1#102-e.
Summary of issues for Topic #4
The possibility and necessity of reducing CSI computation time was discussed in RAN1#102-e but no consensus could be reached. Several contributions submitted for this meeting propose to study possible simplifications to enable this.
Issue #4-1: Support simplified CSI report or measurement procedure for faster computation
· Support: Huawei [3], Vivo [4], Ericsson [5], CATT [6], Oppo [11], ZTE [15], Sharp [23]
· Motivations
· Capture more accurate channel fading and interference [3][5][6]
· Align with PDSCH processing time for retransmission scheduling [4] or multiplexing in HARQ-ACK resource [6][7][11][15]
· R17 UEs should be more capable [5]
· Possible with reduction of computation burden [3][4][5][7]
· Keep track of changes in interference levels [23]
· Possible approaches
· Only update interference without changing RI/PMI since interference changes faster than channel: Huawei [3], Vivo [4], LG [8], Oppo [11]
· Limit information in CSI report: CATT [6]
· Reduced number of RI/PMI or subbands: LG [8]
· UE capability: LG [8]
· Only use beamformed CSI-RS: Oppo [11]
· Based on PDSCH measurement: ZTE [15]
· Consider for new reporting mode only (simpler feedback): LG [8], Spreadtrum [9], Intel [20]
· Report CQI from different tables in one CSI report config: Intel [20]
· No support: Samsung [10], Nokia [17]
· Necessity has not been shown [10]
· No benefit since the interference coherence time is small [17]

Observations for simplified CSI reporting for faster computation
· Majority of companies do not propose to reduce computation time for existing CSI report modes.
· Majority of companies are open to discuss reduction of computation time for new reporting modes. It is envisioned that the new reporting mode could involve updating CQI information from interference measurement resources occurring more frequently than channel resources, considering typical URLLC scenario channel/interference profile.
· The computation time requirement could be discussed after agreeing on supporting a new reporting mode or new reporting types.

2 companies propose to enhance CSI feedback for PDCCH for R17 URLLC.
Issue #4-2: Support CSI feedback for PDCCH
· Support: Samsung [10], Qualcomm [25]
· PDCCH needs to be at least as reliable as PDSCH [10][25]
· OLLA is not possible for PDCCH [10]
· CSI for PDCCH cannot be derived from CSI for PDSCH as coding scheme, resource (coreset), TCI state, DMRS configuration are different [10][25]
· Increased PDCCH blocking/overhead if PDCCH is scheduled too conservatively [10][25]
· Supported by LTE eMTC/NB-IoT [10]
· Useful for search space set switching [10]
· No support: Ericsson [5], CATT [6], LG [8], ZTE [15], Intel [20], Sharp [23]
· Can use rank1 restriction which is anyway useful for URLLC [5]
· Accuracy improvement does not address interference burstiness problem [5]
· Code rate / resource adaptation for PDCCH is very coarse [5][20][23]
· Channel quality of PDCCH similar to PDSCH [6]
· Recommended PDCCH aggregation level may not be possible [6]
· Out of scope of the WID [8][15]
· RSRP, L1-SINR, DTX of HARQ-ACK can be used [20]

Observations for CSI feedback for PDCCH
· 2 companies see the benefit of supporting CSI feedback for PDCCH as ensuring URLLC reliability while avoiding too conservative PDCCH resource allocation
· 6 companies think that existing mechanisms (e.g. CSI feedback, DTX, L3 measurements) are sufficient and/or that this enhancement is out-of-scope of the WI.

Several companies propose to support configuration of high-priority for P-CSI/SP-CSI or A-CSI on PUCCH (if supported). During last meeting, it was suggested that this issue could be discussed in AI 8.3.3.
Issue #4-3: Support priority index 1 for P-CSI/SP-CSI/A-CSI on PUCCH
· Support for P-CSI/SP-CSI: 
· Yes: Intel [20]
· No: CATT [6], ZTE [15] 
· Support for A-CSI (if supported): 
· Yes: ZTE [15], Panasonic [19], NTT DOCOMO [24]
· No: CATT [6]

The following miscellaneous proposed enhancements do not neatly fall in one of the above categories:
· Enhance PUCCH reliability (reduce minimum code rate for PUCCH): CMCC [7]
· Priority for CPU occupation: LG [8]
· Link MCS table to priority indicator: Samsung [10]
· Intermediate HARQ-ACK for PDSCH repetition: Sony [12]
· Reconfigure definition of CSI reference resource to better align with typical URLLC payload sizes: Nokia [17]
· Conditional reporting of periodic CSI report, e.g. do not multiplex a report if CSI is not changed by some margin: Intel [20]
· Split CSI report in multiple parts and multiplex with PUSCH repetition Type B as they become available (e.g., to allow early transmission of beam-related CSI): Lenovo [22]
· A-CSI on PUCCH multiplexed on PUSCH repetition type B: NTT DOCOMO [24]
· Tri-state HARQ-ACK (indicate DTX for PDCCH): Qualcomm [25]

E-mail discussion (1st round) for Topic #4
Regarding the Issue #4-1 (i.e., CSI computation time reduction), it has been observed that the majority companies do not propose to reduce CSI processing time for the existing reporting mode. Since the CSI processing time is now closely related to the new reporting type, we can wait until the new reporting type is agreed.

Question 4-1: The following proposal is acceptable for CSI computation time reduction?

FL’s proposal:
· No CSI processing time reduction for the existing CSI reporting scheme
· CSI processing time reduction can be studied for a new reporting type (if supported)
· No further discussion until a relevant new reporting type is agreed

	Company
	Yes/No
	Comments

	FUTUREWEI
	Yes
	We support FL’s proposal.

	Ericsson
	No
	Do not support FL proposal above.
The conditions for applying CSI computation delay requirement 1 (i.e., shorter time) are too restrictive in current spec. The conditions should be relaxed to better support URLLC/IIoT use cases. Such relaxation applies for existing CSI reporting schemes.

	HW/HiSi
	
	We are supportive to the first bullet. However, for the second bullet, we believe that CSI processing time is important to be considered when we discuss the new reporting type(s).

	QC
	Yes
	We support FL proposal in general. 
It is almost infeasible for UE implementation to further reduce CSI processing time for existing CSI reporting scheme. This has been studied extensively and conclude in Rel-15. 
With simplified new report type, it might be possible to further reduce CSI reporet time and we are open to study this topic. 

	Nokia
	Yes
	Support FL proposal. 

	CMCC
	Yes
	We upport FL proposal. 

	ZTE
	Yes
	When the CSI report is based on PDSCH measurement, the CSI processing time could be reduced.

	Intel
	Yes
	Supportive the direction.
We don’t observe by evaluation that faster CSI delivery enhances performance in considered scenarios.

	DOCOMO
	Yes
	Support FL proposal.

	LG
	Yes in principle. 
	We are basically fine with FL’s proposal. However, we think new reporting type shouldn’t be restricted by topic #2 or #3. Simplified existing CSI report scheme should be included in the scope of CSI processing time reduction. 

	InterDigital
	Yes
	

	vivo
	No
	We don’t think we need to rush into this conclusion. At least some companies see the benefits for reducing CSI computation time for timely CSI acquisition, especially for URLLC service. We need to first investigate how to reduce the CSI computation time and the potential pros and cons.
Besides, CSI processing time reduction shouldn’t be precluded for the existing report scheme and it should be considered together with both the exisiting CSI report type and the new reporting type. 
In addition, the CSI computation complexity (which is highly related to the CSI processing time) should be considered as one metric when discussing different CSI enhancement schemes. 


	Samsung
	Yes
	

	Sony
	Yes
	However, if it is a new CSI report, what reduction are we talking about?  There is no reference point (it is a new CSI report).

	MediaTek
	No
	Either “No CSI processing time reduction for the existing and new CSI reporting scheme”, or we keep the topic open for now.

	
	
	



Summary for CSI processing time reduction:
· Support the FL’s proposal: FW, QC, Nokia, CMCC, ZTE, Intel, DCM, LG, IDCC, SS, Sony (11)
· Not support the FL’s proposal: E///, Vivo, MTK (3)
Based on the number of supporting companies for the proposal, the FL proposal will be suggested to be approved in the online session

On the Issue #4-2 (CSI feedback for PDCCH), only two companies support the CSI reporting for PDCCH which is the same as the last meeting. On the other hand, even more companies raised technical concerns on supporting CSI reporting for PDCCH. Also, several companies consider that this scheme is not part of the WI scope since there is no MCS selection procedure for PDCCH.

Question 4-2: The following proposal is acceptable for CSI feedback for PDCCH?

FL’s proposal:
· No further study on CSI feedback for PDCCH under IIoT/URLLC enhancement WI

	Company
	Yes/No
	Comments

	FUTUREWEI
	Yes
	We support FL’s proposal.

	Ericsson
	Yes
	Support FL proposal above

	HW/HiSi
	Yes
	The scope is already very large

	QC
	No
	We disagree with FL proposal. Without guarantee of PDCCH performance for URLLC, all the other enhancements we are discussing become meaningless. Therefore, within the scope of this WI, this topic is the most important topic. “scope is already very large” does not justify to exclude this topic in the WI. As a matter of fact, if considering controlling the scope, those proposals which already have simulation results showing performance loss should be removed from the scope first, because no consensus that performance gain was observed for those proposals.  
The existing solutions companies mentioned do not work for URLLC PDCCH. 
Use CSI feedback – current CSI feedback is for PDSCH. PDCCH and PDSCH has different channel coding, MIMO procoder, TCI state, etc. PDSCH CSI does not reflect PDCCH CSI. 
Use DTX – Unless the HARQ-ACK codebook is only 1 bit, other wise the DTX detection is not almost infeasible at gNB because duymmy NACK is inserted in the codebook and gNB can not distinguish DTX vs dummy NACK. If forcing gNB to always schedule single bit HARQ-ACK for URLLC, the UL resource usage is very inefficient. Sometimes, due to less UL slots than DL slots in TDD configuration, one PUCCH resource has to feedback for multiple PDSCH hence restrict to single bit HARQ-ACK feedback is not even possible. 
L3 measurements – L3 measurement with filtering is a slow feedback, it does not reflect fasting change of interference and channel. 

	Nokia
	Yes
	Support FL proposal and nothing is allowed within WI.

	CMCC
	Yes
	We upport FL proposal. 

	ZTE
	Yes
	Support FL’s proposal. No need to study on CSI feedback for PDCCH under IIoT/URLLC enhancement WI.

	Intel
	Yes
	Supportive. If controversial, it could be postponed to next meetings.

	DOCOMO
	Yes
	Support FL proposal.

	LG
	Yes
	We support the proposal from feature lead. 

	Lenovo, Motorola Mobility
	Yes
	Seems to be out of the WID scope.

	InterDigital
	Yes
	

	vivo
	Yes
	We support FL’s proposal.

	Samsung
	No
	Agree with the comments from Qualcomm. At least there needs to be a justification for the ‘no further study’ and why other proposals that are to be further studied are more important for URLLC. 

	Sony
	No
	It isn’t right to say this is out of topic since some companies who proposed DL Grant triggered A-CSI quoted reduction of PDCCH overheads which is out of topic as well.
We agree with QC that if PDCCH is poor, it will affect PDSCH directly and would also affect the A-CSI being triggered by DL Grant.

	MediaTek
	Yes
	




Summary for CSI feedback for PDCCH:
· Support the FL’s proposal: FW, E///, HW, Nokia, CMCC, ZTE, Intel, DCM, LG, Lenovo, IDCC, vivo, MTK (13)
· Not support the FL’s proposal: SS, Sony, QC (3)
Based on the number of supporting companies for the proposal, the FL proposal will be suggested to be approved in the online session
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Appendix: Previous agreements
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




