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[bookmark: _Ref521334010]Introduction
At the RAN1#104b-e meeting, CSI feedback enhancement was discussed and the following conclusion and agreements were reached [1].
Conclusion:
For new reporting Case 1, do not consider further the following schemes:
· Case 1-2: CSI prediction
· Case 1-4: Interference covariance matrix
· Case 1-9: Reference wideband CQI excludes worst sub-bands
· Case 1-10: CSI expiration time

Agreements:
For new reporting Case 2, focus study on reporting of delta-CQI/MCS (Case 2-3):
· Note: this delta-CQI/MCS is determined based on UE implementation (for example, using SINR, LLR, raw BER, flipped bits, LDPC iterations, BLEP, # fail parity checks, etc.)
· Companies are encouraged to provide more details in their analysis
· FFS: Granularity of new report type (e.g. units of CQI or MCS, how many bits)
· FFS: Whether quantity reported is relative to the scheduled MCS

Agreement: Focus study on the following for new reporting Case 1:
· Reporting of new metric, where new metric shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. 
· Downselect by RAN1#105 to at most a single method from the following options:

· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· CSI based on worst IMR occasion (FFS details)
· Interference standard deviation (FFS details)
· Worst-M CQI (FFS details)
· FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI).
· Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
· Applicable for same reporting quantity as R16 for CQI. 
· FFS: Whether network configured channel and interference measurement interval can also be applied
· FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
· FFS: how to report the updated CQI
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay
In this contribution, we give our considerations for potential CSI enhancements for URLLC.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Case-1 new reporting
For case-1 new reporting, several candidate schemes were down selected in last meeting for further study.
Reporting statistics of CQI/SINR/interference may help in improving accuracy of link adaptation. However the performance gain (if any) depends largely on the algorithm used at gNB side. Companies need to have a good understanding on how the reported information is derived/used. The major issue is how to perform testing for the reporting. This is also the reason that CSI report in LTE and NR stick to implicit CSI feedback. Extensive MIMO related discussion is required and it is unlikely that the limited TU of URLLC WI can accommodate such discussion.
For CSI based on worst IMR occasion and worst-M CQI, the benefit is not clear compared with the sub-band reporting. How to define worst IMR should be considered. In addition, considering the fast interference change over time, the worst IMR occasion may change from time to time, which may not be helpful for the next transmission.
For updating only CQI in a report, it is not clear how much gain can be achieved. At least there is no improvement in CQI accuracy by not reporting RI/PMI/(CRI). In addition, there is no benefit of this scheme if CSI processing time cannot be reduced compared to Rel-16 CSI processing delay. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Generally speaking, defining new CSI reporting types usually involves extensive discussions/evaluations. A CSI reporting type can be introduced only when there is consensus on the performance gain after evaluation campaign. 
Proposal 1: New CSI report type is not supported for URLLC in Rel-17.
Case-2 new reporting
For case-2 new reporting, it was agreed to focus study on delta-CQI/MCS report. 
According to the reported delta-CQI/MCS information, gNB could do more accurate adjustment of next scheduling, which helps to improve the link adaption. How to obtain CQI/MCS adjustment information can be UE implementation, UE can determine the delta-CQI/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-CQI/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-CQI/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-CQI/MCS reporting. It is simple and has less specification impact. For option 3, delta-CQI/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-CQI/MCS reporting is triggered by DCI scheduling a PDSCH, then the delta-CQI/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-CQI/MCS reporting. For option 3, it is more suitable for semi-static configured delta-CQI/MCS reporting, but not suitable for DCI triggered delta-CQI/MCS reporting.
Reporting mode
For reporting mode, firstly it should be considered whether delta-CQI or delta-MCS should be reported. Considering that MCS has smaller granularity than CQI, delta-MCS can provide more accurate information. Therefore, delta-MCS is more preferred.
Secondly, 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.
[bookmark: _GoBack]Thirdly, the granularity of delta-CQI/MCS reporting should be considered, to support unchanged/increase/ decrease of the CQI/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: New CSI report type 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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