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In the TSG-RAN#88e plenary meeting, the scope of the revised WID on enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR physical layer enhancements for NR URLLC was defined for Release 17 [1]. One of the objectives is to investigate CSI feedback enhancements to allow for more accurate MCS selection as part of Physical Layer feedback enhancements for meeting URLLC requirements. In RAN1#102 e-meeting, following agreements were made to study/evaluate CSI enhancement schemes.

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.

In this contribution we discuss different options which can be considered for enhancing A-CSI triggering and reporting.
[bookmark: _Ref129681832]CSI feedback enhancement
CSI feedback enhancement to improve link adaptation is beneficial for URLLC reliability. The estimated CSI itself should be reliable and delivered timely and reliably to the gNB for improving latency and reliability in URLLC. In Rel-16, the reporting configuration for CSI can be periodic (using PUCCH), aperiodic (using PUSCH) or semi-persistent (using PUCCH, and DCI activated PUSCH).  
With aperiodic reporting, CSI with higher resolution can be dynamically triggered for more efficient downlink transmission. A-CSI reporting on PUCCH was discussed but not supported in Rel-15 and Rel-16.  Transmitting A-CSI report on PUCCH can help providing fast CQI feedback for URLLC and avoid large scheduling latency in DL centric TDD system and provide timely CSI feedback. Moreover, if A-CSI is triggered to deal with a failed detection of P-CSI or SP-CSI reporting, reporting mode in periodic and semi-persistent reporting should also be supported in aperiodic reporting. 
Observation 1: A-CSI reporting on PUCCH can be beneficial for fast and timely feedback and supplementing periodic or semi-persistent reporting for URLLC.
[bookmark: _GoBack]In our opinion, to reduce feedback latency, A-CSI reporting on both PUCCH and PUSCH must be supported instead of restricting A-CSI feedback transmission on one channel. It must be left up to the gNB to decide whether to schedule A-CSI report in PUCCH, if a PUCCH resource is available to simultaneously transmit CSI and HARQ-ACK, or PUSCH. For instance, if there is no UL data for scheduling or PDSCH is to be transmitted with corresponding PUCCH carrying HARQ-ACK to be received before a PUSCH, gNB can trigger A-CSI feedback reporting on PUCCH. Otherwise if a PUSCH is scheduled before a PUCCH would be received, gNB can trigger A-CSI feedback reporting on PUSCH. Supporting A-CSI reporting on both PUCCH and PUSCH can also enable gNB to split single CSI into multiple parts and transmit them across available PUCCH and PUSCH resources. Therefore, we propose to support A-CSI reporting on both PUCCH and PUSCH for flexibility at gNB to schedule PUCCH and/or PUSCH for A-CSI feedback reporting from the UE. 
Proposal 1: Support A-CSI reporting on PUCCH and/or PUSCH for greater scheduling flexibility.
A-CSI report on PUSCH is triggered with an UL related DCI. In a DL heavy traffic scenario, if there is no UL data for scheduling, transmitting an UL related DCI to only trigger A-CSI report is not resource efficient. This would also increase PDCCH blocking probability and UE power consumption. In this situation, triggering A-CSI report with DL related DCI can help improve spectral efficiency. 
Observation 2: Triggering A-CSI reporting with DL related DCI can improve spectral efficiency in DL heavy traffic.
If both DL and UL related DCIs can trigger CSI reporting, scheduling flexibility from proposal 1 can be leveraged in addition to mitigating control overhead. 
Proposal 2: Support A-CSI report triggering with both DL and UL related DCI to mitigate control overhead and enable scheduling flexibility.
A-CSI reporting on either PUCCH or PUSCH cannot be triggered with existing DL related DCI. Therefore, new DCI design needs to be considered which will have specification impact. One such approach can be to either introduce or reuse an existing 1-bit field in a DCI to indicate which resources (PUCCH or PUSCH) are to be used for A-CSI reporting. The process for resource selection and indication can be as follows:
· If PUCCH resources are available for multiplexing A-CSI and HARQ-ACK without affecting reliability and latency of HARQ-ACK feedback, the indication bit in the DCI notifies (e.g. by setting bit field to value ‘1’) the UE to use indicated PUCCH resource for CSI feedback transmission. 
· Otherwise, A-CSI is scheduled for transmission on PUSCH. This is notified to the UE e.g. by setting indication bit field to value ‘0’. In this case, different options for indicating PUSCH resource allocation are as follows:
· Option 1: PUSCH resource is pre-configured for the UE and used for A-CSI reporting without UL-SCH when triggered by DL related DCI.
· Option 2: PUSCH resource allocation is given by a pre-defined/preconfigured field in the PDSCH that is scheduled with DL related DCI.
· Option 3: PUSCH resource allocation is given by a field in the DL related DCI which is only configured/considered when indication bit indicates PUSCH resource allocation is to be used for A-CSI transmission.
Such an approach, as described above, can avoid PDCCH blocking problem by avoiding an UL related DCI to schedule a PUSCH for A-CSI reporting only. Designing a DL related DCI which offers the flexibility to trigger A-CSI reporting on either PUCCH or PUSCH can also help timely CSI feedback reporting without having to wait for UL-SCH data to be scheduled. 
Proposal 3: Consider designing DL related DCI to support A-CSI report triggering on either PUCCH or PUSCH for timely CSI feedback with greater scheduling flexibility.
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From the discussion, we have the following observations and proposals.
Observation 1: A-CSI reporting on PUCCH can be beneficial for fast and timely feedback and supplementing periodic or semi-persistent reporting for URLLC.
Proposal 1: Support A-CSI reporting on PUCCH and/or PUSCH for greater scheduling flexibility.
Observation 2: Triggering A-CSI reporting with DL related DCI can improve spectral efficiency in DL heavy traffic.
[bookmark: _Ref513042524]Proposal 2: Support A-CSI report triggering with both DL and UL related DCI to mitigate control overhead and enable scheduling flexibility
Proposal 3: Consider designing DL related DCI to support A-CSI report triggering on either PUCCH or PUSCH for timely CSI feedback with greater scheduling flexibility.
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