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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.
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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