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[bookmark: _Ref521334010]Introduction
At the RAN#92-e meeting, guidance for Rel-17 URLLC were reached as below.
	· For the Rel-17 work item on “Enhanced Industrial IoT and URLLC support for NR”
· RAN guidance on CSI feedback enhancement [RAN1]: Focus subsequent working group discussions on the schemes proposed in RP-211297.
· Details are up to further working group discussions.
· RAN guidance on HARQ-ACK enhancement [RAN1]: No further discussions on SPS HARQ-ACK skipping and size reduction.



The schemes proposed in RP-211297 are listed as below:
	Proposal: RAN confirms the following as a guidance to RAN1 for CSI enhancement in Enhanced URLLC/IIoT WI:
RAN1 to further investigate the following for CSI enhancements for IIoT/URLLC:
· Increasing the number of bits used for the reported subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Reporting of delta-MCS:
· Report consists of delta-MCS for a TB received with MCS index IMCS:
· delta-MCS is calculated from the difference between IMCS_tgt and IMCS, where IMCS_tgt is the largest MCS index such that the estimated BLER for a TB received with this MCS index would be smaller than or equal to a BLER target, and IMCS is the MCS index of the received TB.


In this contribution, we give our considerations for potential CSI enhancements for URLLC.
Discussion
Increasing granularity of subband CQI
The current sub-band CSI feedback is based on differential feedback, and a 2-bit delta CQI index over the wideband CQI is reported. Increasing the granularity of subband CQI was proposed to improve the reporting accuracy. However, this scheme increase the CQI overhead up to 86.7% by use 4-bit sub-band CQI reporting and up to 43% by use 3-bit sub-band CQI reporting compared to R16 for sub-band CSI on a BWP with 100 PRBs as discussed in [1]. And according to the simulation results given by [2] and [3], increasing the granularity of sub-band CQI did not provide noticeable performance gains compared with the current sub-band CSI feedback scheme.
Hence, the benefits of increasing granularity of subband CQI is not clear. It is proposed that increasing granularity of subband CQI is not supported for URLLC in Rel-17.
[bookmark: _Toc71672310]Proposal 1: Increasing granularity of subband CQI is not supported for URLLC in Rel-17.
Reporting of delta-MCS
According to the reported delta-MCS information, gNB could do more accurate adjustment of next scheduling, which helps to improve the link adaption. How to obtain MCS adjustment information can be UE implementation, UE can determine the delta-MCS based on detected SINR, the decoding information or other information. In the specification, the triggering mechanism, reporting mode, reporting resources, and measurement resources (i.e., corresponding PDSCH transmission) need to be specified.
Trigger mechanism
In general, the following three schemes can be considered for triggering a delta-MCS reporting:
· Option 1: Explicitly triggered by DCI (a new field in DCI)
· Option 2: Implicitly triggered by DCI scheduling a PDSCH
· Option 3: Semi-static configured
For option 1, new DCI field needs to be introduced for triggering a delta-MCS reporting, which may increase the DCI overhead and specification impact. For option 2, all the DCIs scheduling a PDSCH would implicitly trigger a delta-MCS reporting. It is simple and has less specification impact. For option 3, delta-MCS information can be configured to be reported periodically, which would increase the RRC signalling overhead.
Reporting resource
For reporting resource, the following three schemes can be considered:
· Option 1: Multiplex on HARQ-ACK resource when triggered by a DCI
· Option 2: Separate PUCCH resource indicated by DCI scheduling a PDSCH
· Option 3: Semi-static configured with periodic PUCCH resources
For option 1, if delta-MCS reporting is triggered by DCI scheduling a PDSCH, then the delta-MCS reporting can be multiplexed on HARQ-ACK resource corresponding to the PDSCH scheduled by the DCI. For option 2, DCI overhead would be increased, since separate DCI field is needed to indicate the slot and/or PUCCH resource for the delta-MCS reporting. For option 3, it is more suitable for semi-static configured delta-CQI/MCS reporting, but not suitable for DCI triggered delta-MCS reporting.
Reporting mode
For reporting mode, firstly it should be considered whether the reporting should be per PDSCH or per CC. For per PDSCH reporting, UE may need to report multiple delta-MCSs in one resource for multiple PDSCHs, and how to determine the multiple PDSCHs should be considered. Maybe a time window is needed, to reduce the complexity. For simplicity, the HARQ-ACK feedback window can be reused, for example, UE could report the delta-MCS for each PDSCH in the same HARQ-ACK feedback window. For per CC reporting, UE reports one delta-MCS for each CC once triggered, it has less feedback overhead but less accurate compared with per PDSCH reporting.
Secondly, the granularity of delta-MCS reporting should be considered, to support unchanged/increase/ decrease of the MCS level, at least 2 bits are needed. For example, delta-MCS and corresponding indication can be defined as shown in Table 1.
[bookmark: _Ref71299834]Table 1: Delta-MCS level and corresponding indication information
	2 bits indication
	Delta-MCS

	00
	-2

	01
	-1

	10
	0

	11
	1



At last, whether reported information is relative to the scheduled MCS should be considered. Considering that the reported delta-MCS is determined based on one certain scheduled MCS, and gNB may have different MCS allocation for PDSCH in different time or frequency resource, it is straight forward that the reported information is relative to the scheduled MCS.
Measurement resources
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]For reported delta-MCS, if it is reported per PDSCH, then the measurement resource can be one PDSCH. If it is reported per CC once triggered, then the measurement resource can be one or multiple PDSCH(s). If multiple PDSCHs are used as the measurement resource, then UE may measure on each PDSCH and report an estimated value relative to one of PDSCH.
Proposal 2: To enhance OLLA operation in URLLC, delta-MCS can be reported by UE in addition to the HARQ-ACK feedback.
Proposal 3: For delta-MCS reporting, the triggering mechanism, reporting resource, reporting mode and measurement resources should be further studied.
Conclusion
In this contribution, we discuss some considerations for CSI feedback enhancements and give the following proposals.
Proposal 1: Increasing granularity of subband CQI is not supported for URLLC in Rel-17.
Proposal 2: To enhance OLLA operation in URLLC, delta-MCS can be reported by UE in addition to the HARQ-ACK feedback.
Proposal 3: For delta-MCS reporting, the trigger mechanism, reporting resource, reporting mode and measurement resources should be further studied.
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