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[bookmark: _Ref521334010]Introduction
At the RAN1#103 e-meeting, CSI feedback enhancement was discussed and the following agreements were reached.
Agreements
· No change of CSI processing time relative to Rel-16 CSI in this WI
· CSI processing time specific to a new CSI reporting quantity/type (if supported) can be studied

Agreement:
· For Case-2 new reporting, continue studying with focus on the new reporting type based on PDSCH decoding for OLLA performance enhancement for initial and re-transmissions of PDSCH.

Agreements:
For Case-1 New reporting, the following candidate schemes have been identified to address the fast interference change over time. Continue studying with focus on the identified schemes below for further study and evaluation.
· Scheme 1a: New reporting quantity based on CQI/SINR statistics, e.g.,
· CQI/SINR statistics (e.g., mean, variance, etc.)
· CSI prediction
· Scheme 1b: New reporting quantity of interference statistics (e.g., mean, variance, interference covariance matrix, etc.)
· Scheme 1c: New reporting quantity based on modifying existing reporting format, e.g.,
· CQI reporting considering the worst subbands
· Subband CQI granularity enhancement
· Scheme 1d: New reporting quantity related to CSI expiration time
· Scheme 1e: New reporting quantity with partial information update, e.g.,
· CSI reporting with interference update only
Companies are encouraged to investigate the above schemes, aiming for down-selection in RAN1#104-e

In this contribution, we give our considerations for potential CSI enhancements for URLLC.
Discussion
Support of aperiodic CSI report on PUCCH
Considering that URLLC traffic is sporadic and low latency and high reliability are required, P-CSI or SP-CSI does not provide the channel status very well unless the periodicity is very short which would largely increase the UL overhead. A-CSI reporting on PUCCH is considered as one potential enhancement for CSI report in Rel-17 URLLC, which can reduce the PDCCH overhead compared with A-CSI report on PUSCH without UL-SCH.
One concern on triggering A-CSI on PUCCH is that it does not benefit initial transmission of a packet. However, supporting A-CSI on PUCCH does not mean that A-CSI on PUSCH is not supported; the two methods can be simultaneously used, then A-CSI on PUSCH can be used for initial transmission of a packet, A-CSI on PUCCH can be used for the following transmissions including retransmission or the next PDSCHs. Hence, A-CSI on PUCCH as a CSI feedback enhancement for Rel-17 URLLC should be supported.
Proposal 1: A-CSI on PUCCH is supported 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: A-CSI on PUCCH is triggered by DL assignment DCI.
If DL assignment DCI is used to trigger A-CSI on PUCCH, it should be considered whether DL DCI triggering A-CSI without scheduling PDSCH is supported or not. If we use DL DCI to trigger A-CSI on PUCCH without scheduling PDSCH, it does not have advantage over using a UL DCI to trigger A-CSI on PUSCH without UL-SCH, hence it should not be supported.
Proposal 3: DL DCI triggering A-CSI on PUCCH without scheduling PDSCH is not supported.
Introduction of new CSI report type(s)
Bursty interference was considered as one source of inaccuracy in MCS selection in typical URLLC scenarios. Hence, new CSI report types were proposed, such as for better capturing interference characteristics, interference statistical information can be reported by the UE or explicit interference averaging can be defined. 
Another factor for inaccurate MCS selection was gNB does not know the necessary channel quality statistics, hence it cannot make efficient MCS decisions in URLLC use cases. Reporting CQI or SINR distribution parameters were proposed in this case.
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. MIMO SI/WI perhaps is the right place to conduct the study. Reporting interference information explicitly has been discussed in several releases of LTE and NR. The major issue with explicitly reporting interference information 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. 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. Extensive MIMO related discussion is required and it is unlikely that the limited TU of URLLC WI can accommodate such discussion.
Proposal 4: New CSI report type is not supported for URLLC in Rel-17.
Additional information report
The target BLER of URLLC is usually very low, OLLA based on only ACK/NACK feedback is sometimes inefficient. Hence, some information in addition to HARQ-ACK report can be considered. For example, decoding margin, compressed CSI report, estimated error probability, recommended RV sequence, or PDSCH decoding failure reason were proposed to be reported together with HARQ-ACK by the UE to improve OLLA for URLLC.
It is not easy to standardize and test for reporting these information, and the gNBs may not know how to use these information which may not lead to performance gains. We propose to consider reporting MCS offset level by the UE, e.g. a table like Table 1 can be defined in specification, UE reports the MCS offset level compared with the latest PDSCH transmission. Assuming 2 bits are used to indicate MCS offset level, when UE receives a PDSCH with MCS index-12 correctly, but based on the decoding information, UE estimates that the error probability of the PDSCH is higher than the target BLER, UE could report 2 bits MCS offset ‘01’ to indicate that the next PDSCH transmission should use MCS index-11, this helps OLLA to react to the existing channel conditions before any transmission errors take place.
Table 1: MCS offset level
	2 bits MCS offset indication
	MCS offset compared with last PDSCH transmission

	00
	-2

	01
	-1

	10
	0

	11
	1


Proposal 5: To enhance OLLA operation in URLLC, MCS offset can be reported by UE in addition to the HARQ-ACK feedback.
Priority of CSI on PUCCH
In Rel-16, P-CSI and SP-CSI on PUCCH are considered as low priority, and the priority of A-CSI and SP-CSI on PUSCH can be determined based on priority indication in the DCI. The protocol has already provided mechanisms for UE to send high priority CSI. P-CSI and SP-CSI are not commonly used in URLLC scenario, since URLLC traffic is sporadic. On the other hand, if high priority is supported for P-CSI or SP-CSI, high priority HARQ-ACK/SR will be multiplexed with P-CSI or SP-CSI, which may impact the reliability of HARQ-ACK/SR. Hence, high priority should not be supported for P-CSI and SP-CSI.
If A-CSI on PUCCH triggered by DL assignment DCI is supported, the priority of A-CSI on PUCCH can be determined similar as A-CSI on PUSCH, i.e. the priority can follow the priority indication in the DL DCI if present. Otherwise if group common DCI is used to trigger A-CSI on PUCCH, supporting dynamic indication of A-CSI priority for each UE would increase the DCI overhead significantly and therefore needs further considerations.
Proposal 6: High priority is not supported for P-CSI and SP-CSI on PUCCH.
Proposal 7: If A-CSI on PUCCH is supported, and 
· if DL assignment DCI is use to trigger A-CSI on PUCCH, the priority of A-CSI can be indicated by the DL assignment DCI;
· if group common DCI is used to trigger A-CSI on PUCCH, FFS whether priority indication for A-CSI in DCI is supported or not.

Conclusion
In this contribution, we discuss some considerations for CSI feedback enhancements and give the following proposals.
Proposal 1: A-CSI on PUCCH is supported in Rel-17.
Proposal 2: A-CSI on PUCCH is triggered by DL assignment DCI.
Proposal 3: DL DCI triggering A-CSI on PUCCH without scheduling PDSCH is not supported.
Proposal 4: New CSI report type is not supported for URLLC in Rel-17.
Proposal 5: To enhance OLLA operation in URLLC, MCS offset can be reported by UE in addition to the HARQ-ACK feedback.
Proposal 6: High priority is not supported for P-CSI and SP-CSI on PUCCH.
Proposal 7: If A-CSI on PUCCH is supported, and 
· if DL assignment DCI is use to trigger A-CSI on PUCCH, the priority of A-CSI can be indicated by the DL assignment DCI;
· if group common DCI is used to trigger A-CSI on PUCCH, FFS whether priority indication for A-CSI in DCI is supported or not.




