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Introduction
A work item on enhanced IIoT and URLLC was approved [1]. One of objectives of this work item is to study, identify and specify if needed, required physical layer enhancements for meeting URLLC requirement covering CSI feedback enhancements to allow for more accurate MCS selection. This document provides our view on potential techniques related to CSI feedback enhancement.
This document is resubmission of R1-2008953.
Discussion
In Rel.15 and Rel.16 URLLC study [2], aperiodic CSI reporting on PUCCH had been discussed in RAN1, but no consensus has been reached. However, several evaluations in Rel.16 study observed that the accurate channel quality reporting and lower processing time for aperiodic CSI improve the performance. Therefore, aperiodic CSI reporting on PUCCH should be specified in Rel.17.
In Rel.16, aperiodic CSI is reported only PUSCH and triggered by UL DCI format. However, if there is no UL data, using UL DCI format to trigger aperiodic CSI report in PUSCH without UL-SCH consumes PDCCH resource and too much resource for small amount of CSI report case. In addition, even if URLLC PUSCH is 1-symbol or 2-symbol, UCI and DMRS cannot be FDMed within a symbol for UCI multiplexing. Then, aperiodic CSI in PUSCH is not suitable for URLLC. Therefore, aperiodic CSI report on PUCCH by DL DCI format should be studied.
One of issues would be how to allocate PUCCH resource. Following options can be considered.
· Option 1: PUCCH resource is semi-statically configured by RRC
· Option 2: PUCCH resource is dynamically scheduled by DCI
[bookmark: _Hlk47547912]In Option 1, aperiodic CSI request field to trigger aperiodic CSI on PUCCH is included in DL DCI format. In Option 2, there are several sub-options depending on how to indicate PUCCH resource for aperiodic CSI and/or whether PUCCH resource used for aperiodic CSI and HARQ-ACK is joint resource or separate resource. If separate PUCCH resource is used, PUCCH resource for aperiodic CSI would be TDMed. A CSI request field to trigger aperiodic CSI on PUCCH and PUCCH resource indicator (PRI) field for aperiodic CSI would be included in DL DCI format. Alternative way for indicating separate PUCCH resource for aperiodic CSI would be that aperiodic CSI triggering state and PUCCH resource are configured by RRC and indicated which trigger state and/or PUCCH resource is used by aperiodic request field. In the case of joint PUCCH resource with HARQ-ACK, aperiodic request field to trigger aperiodic CSI on PUCCH would be included in DL DCI format. For PUCCH resource allocation, legacy PRI for HARQ-ACK resource allocation can be reused and this can reduce the DCI overhead while achieving flexible PUCCH resource allocation. If further DCI overhead reduction is necessary, implicit triggering such that aperiodic CSI is transmitted only when PDSCH result was NACK. However, if joint PUCCH resource is used, payload size could become different depending on ACK and NACK of PDSCH. It means depending on ACK and NACK, PUCCH resource set to be used for UE feedback could be different. To reserve PUCCH resource for two cases are required and also gNB requires blind decoding of PUCCH resource set. In our view, to provide aperiodic CSI regardless of ACK or NACK would be useful since it can be used for further TB transmission.
Proposal 1: Aperiodic CSI on PUCCH triggered by DL DCI format is supported in Rel.17.
Proposal 2: Following details should be studied for aperiodic CSI on PUCCH triggered by DL formats.
· Option 1: PUCCH resource is semi-statically configured by RRC and aperiodic CSI on PUCCH is triggered by CSI request field in DL DCI format.
· Option 2: PUCCH resource is dynamically scheduled by DL DCI format
· Option 2-1: CSI request field to trigger aperiodic CSI on PUCCH and PRI for aperiodic CSI on PUCCH are included in DL DCI format.
· Option 2-2: Triggering state of aperiodic CSI on PUCCH and PUCCH resource are configured by RRC and indicated which trigger state and/or PUCCH resource is used by CSI request field in DL DCI format.
· Option 2-3: Joint PUCCH resource with HARQ-ACK is used for aperiodic CSI on PUCCH. CSI request field to trigger aperiodic CSI on PUCCH is included in DL DCI format. Legacy PRI for HARQ-ACK resource allocation is reused for the indication of the joint PUCCH resource.
Proposal 3: Regardless of ACK or NACK of PDSCH, aperiodic CSI is transmitted if aperiodic CSI on PUCCH is requested in order to avoid blind decoding at gNB.

In Rel.16, for handling intra-UE collision, periodic/semi-persistent CSI on PUCCH is treated with low priority. The priority of a semi-persistent or aperiodic CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the semi-persistent or aperiodic CSI. For aperiodic CSI on PUCCH, the priority depends on priority indicator in DL DCI (i.e., similar to HARQ-ACK) can be possibility at least when joint PUCCH resource with HARQ-ACK is used. For separate PUCCH resource between CSI and HARQ-ACK, the priority depends on priority indicator in DL DCI, configured/indicated in conjunction with CSI triggering state could be possibility.
Proposal 4: Priority handling for aperiodic CSI on PUCCH should be specified.

Conclusion
In this contribution, we provide our view on CSI feedback enhancement for Rel.17 enhanced IIoT/URLLC. We made following proposals.
Proposal 1: Aperiodic CSI on PUCCH triggered by DL DCI format is supported in Rel.17.
Proposal 2: Following details should be studied for aperiodic CSI on PUCCH triggered by DL format.
· Option 1: PUCCH resource is semi-statically configured by RRC and aperiodic CSI on PUCCH is triggered by CSI request field in DL DCI format.
· Option 2: PUCCH resource is dynamically scheduled by DL DCI format
· Option 2-1: CSI request field to trigger aperiodic CSI on PUCCH and PRI for aperiodic CSI on PUCCH are included in DL DCI formats.
· Option 2-2: Triggering state of aperiodic CSI on PUCCH and PUCCH resource are configured by RRC and indicated which trigger state and/or PUCCH resource is used by CSI request field in DL DCI format.
· Option 2-3: Joint PUCCH resource with HARQ-ACK is used for aperiodic CSI on PUCCH. CSI request field to trigger aperiodic CSI on PUCCH is included in DL DCI format. Legacy PRI for HARQ-ACK resource allocation is reused for the indication of the joint PUCCH resource.
Proposal 3: Regardless of ACK or NACK of PDSCH, aperiodic CSI is transmitted if aperiodic CSI on PUCCH is requested in order to avoid blind decoding at gNB.
Proposal 4: Priority handling for aperiodic CSI on PUCCH should be specified.
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Appendix: Agreements in the previous meetings
RAN1#102e
Agreement:
· CSI feedback enhancement for multi-TRP transmission is not to be discussed further under IIoT/URLLC enhancement WI.

Agreement:
· 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 CSI
· 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.

Agreement:
· Baseline assumptions are used as the required minimum to be simulated for the evaluation of candidate CSI enhancement schemes.
· Reuse the assumptions in TR38.824 and TR38.901 as a starting point.
· Companies shall report additional parameters (e.g., CSI measurement setting, CSI reporting schemes) used in their evaluation.
· FFS: Details of baseline assumptions
· Companies can bring additional simulation results with other set(s) of assumptions.

Agreement:
· Consider Table 1 as baseline assumption for system level simulation for evaluating CSI enhancement schemes.
· The use 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
	Parameter
	Values

	Performance metric
	Option 1 (Section 5.1 of TR38.824)

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 TR38.824
· Reliability: 99.999
· Latency: 4 ms (200 bytes)
· Traffic mode: FTP model 3 (100 p/s)
· Factory automation in TR38.824
· Reliability: 99.9999
· Latency: 1 ms (32 bytes)
· Traffic mode: Periodic deterministic traffic model with arrival interval 2 ms
· Rel.15 enabled use case (e.g., AR / VR) in TR38.824
· Reliability: 99,999
· Latency: 1 ms (32 bytes)
· Traffic mode: FTP model 3 (100 p/s)
· Assumptions for eMBB and URLLC UEs sharing the same carrier is used (as in A2.5 of TR38.824)

	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 TR38.824)
· Factory automation at 4 GHz (Table A.2.2-1 in TR38.824) with following update.
· Channel model is replaced with InF (InF-DH) in TR38.901
· Companies can bring results with other InF scenarios additionally.
· Layout is replaced with BS deployment in Table 7.8-7 in TR38.901.

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


RAN1#103e
Agreement:
· 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 subband
· 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#104e.

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 retransmissions of PDSCH.

Agreement:
· No change of CSI processing time relative to Rel.16 in this WI.
· CSI processing time specific to a new CSI reporting quantity/type (if supported) can be studied.
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