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[bookmark: _Ref521334010]Introduction
A Rel-17 work item on enhanced IIoT and URLLC for NR was agreed with WID updated in [1]. One of the objectives is to identify and specify if needed required enhancements for CSI feedback as follows.
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 this contribution, we give our considerations for CSI feedback enhancements.
Discussion
In NR Rel-15, A-CSI reporting on PUCCH was discussed for low latency, but it was deemed sufficient to use A-CSI reporting on short PUSCH such as 2-symbol PUSCH to enable fast link adaptation. In NR Rel-16, it was recognized that signalling an A-CSI request in a DCI format is not very efficient particularly when there is no need to schedule PUSCH from the UE. Moreover, as PDCCH for URLLC scheduling would typically utilize higher aggregation levels on average, PDCCH overhead is already an issue in URLLC without considering A-CSI feedback. But there was no conclusion for A-CSI on PUCCH in Rel-16, hence A-CSI on PUCCH can be further studied in Rel-17. 
Proposal 1: A-CSI on PUCCH can be considered in Rel-17.
For A-CSI on PUCCH, the following triggering methods have been discussed in the previous meetings:
· Option 1: A-CSI on PUCCH is triggered by DL assignment;
· Option 2: A-CSI on PUCCH is triggered by group-common DCI.
Option 2 seems efficient since the group-common DCI can trigger multiple UEs to report A-CSI on PUCCH. However, if many of the UEs do not need report CSI, it is also a waste to use a group common DCI to trigger A-CSI report on PUCCH. Compared to the group common DCI, it is preferred to trigger A-CSI on PUCCH by DL assignment DCI.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 2: Consider A-CSI on PUCCH triggered by DL assignment DCI.
If DL assignment DCI is used for trigger A-CSI on PUCCH, it should be considered whether DL DCI trigger A-CSI without scheduling PDSCH is supported or not. If we use DL DCI trigger A-CSI on PUCCH without scheduling PDSCH, it does not have advantage over using an UL DCI to trigger A-CSI on PUSCH without UL-SCH, hence it should not be supported.
Proposal 3: DL DCI trigger A-CSI on PUCCH without scheduling PDSCH is not supported.
To support DL DCI trigger A-CSI on PUCCH, one important question that arises is that whether HARQ-ACK for PDSCH scheduled by the DCI and A-CSI triggered by the DCI are multiplexed on the same PUCCH. We consider the two alternatives as below:
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]Alt 1: Same PUCCH resource for HARQ-ACK and A-CSI indicated by DCI triggering A-CSI report


Figure 1 Same PUCCH resource for HARQ-ACK and A-CSI
If multiple HARQ-ACKs are multiplexed in one PUCCH, UE may not know the UCI payload size if the DCI triggering A-CSI is missed by the UE. To resolve the issue, gNB can indicate different PUCCH resources in DCI with A-CSI triggering and DCI without A-CSI triggering. An example is shown in Figure 1, DCI in slot n schedules a PDSCH, DCI in slot n+1 schedules a PDSCH and triggers an A-CSI report, the PUCCH resource indicated by DCI in slot n+1 is different from the PUCCH resource indicated by DCI in slot n, then if UE miss the DCI triggering A-CSI in slot n+1, gNB can do blind detection on both PUCCH resources. Meanwhile, if gNB trigger A-CSI in one DL DCI, gNB can set same A-CSI trigger field in all the following DCI indicating HARQ-ACK in the same PUCCH to reduce the possibility of UE missing all the DCI triggering A-CSI.
· Alt 2: Separate PUCCH resources for HARQ-ACK and A-CSI indicated by DCI triggering A-CSI report


Figure 2 Separate PUCCH resources for HARQ-ACK and A-CSI
[bookmark: _GoBack]As the example in Figure 2, DCI which triggers A-CSI report indicates PUCCH resource and feedback timing for HARQ-ACK and A-CSI separately. Additional bits should be included in DCI to indicate PUCCH resource and timing for A-CSI. Furthermore, although PUCCH resource for A-CSI is different from that for HARQ-ACK for PDSCH scheduled by the same DCI, it is possible that the A-CSI overlaps with HARQ-ACK for PDSCH scheduled by other DCI, we need to further consider how to resolve the overlapping cases.
Both alternatives can be studied in Rel-17 if A-CSI on PUCCH is supported.
Proposal 4: If DL DCI schedule a PDSCH and trigger A-CSI report, FFS whether same or separate PUCCH resource(s) is indicated for HARQ-ACK for the PDSCH scheduled by the DCI and for the A-CSI.
If we multiplex HARQ-ACK and A-CSI in the same PUCCH resource, one issue is that the processing time of A-CSI is larger than HARQ-ACK, which may cause delay of HARQ-ACK since the timing between DCI and PUCCH should satisfy the processing time of both HARQ-ACK and CSI. Then method of reducing the processing time of A-CSI should be considered, such as defining new CSI feedback mode or limit the information in CSI report and so on.
Proposal 5: Reduce the processing time of A-CSI can be considered.
Conclusion
In this contribution, we discuss our considerations for CSI feedback enhancements and give the following proposals.
Proposal 1: A-CSI on PUCCH can be considered in Rel-17.
Proposal 2: Consider A-CSI on PUCCH triggered by DL assignment DCI.
Proposal 3: DL DCI trigger A-CSI on PUCCH without scheduling PDSCH is not supported.
Proposal 4: If DL DCI schedule a PDSCH and trigger A-CSI report, FFS whether same or separate PUCCH resource(s) is indicated for HARQ-ACK for the PDSCH scheduled by the DCI and for the A-CSI.
Proposal 5: Reduce the processing time of A-CSI can be considered.
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