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[bookmark: _Hlk525601705][bookmark: _Hlk525602213]At RAN1#104-e, the following conclusion was made based on extensive discussions for CSI feedback enhancements.
Conclusion: Continue evaluation of new reporting Case 1 and Case 2 for the schemes identified in Appendix B of R1-2102131. 
· Companies are encouraged to provide their views on each scheme against each criterion in respective Tables in Appendix B. 
· Companies are encouraged to provide additional evaluation results for as many schemes as possible, based on assumptions agreed in RAN1#102-e.
·    Aim for down-selection at RAN1#104-b-e by taking into account evaluation results and assessment against criteria from Appendix B.
A number of sub-schemes are identified for each case (Case 1 and Case 2) in the summary document [1]. Subsequent discussions [2] were organized by FL based on these sub-schemes to collect company opinions and hopefully to come up with some converged points. These schemes (or sub-schemes) are listed below for convenience. 
Case 1: 
· Case 1-1: Statistical CSI/SINR    
· Case 1-2: CSI prediction          
· Case 1-3: Interference statistics     
· Case 1-4: Interference covariance matrix      
· Case 1-5: CSI based on worst IMR occasion    
· Case 1-6: Worst-M CQI 
· Case 1-7: Worst-best criteria for subband CQI report
· Case 1-8: 3-bits differential subband CQI or 4-bit full subband CQI
· Case 1-9: Reference wideband CQI excludes worst subbands
· Case 1-10: CSI expiration time   
· Case 1-11: Partial information update
Case 2:
· Case 2-1: Decoding margin
· Case 2-2: Block error probability
· Case 2-3: (Delta) CQI/MCS/SINR
· Case 2-4: HARQ redundancy version sequence
· Case 2-5: Reason for NACK
· Case 2-6: Number of NACK values
In this contribution, we provide our views on these identified schemes. Our preference is shown also to facilitate down-selection at this meeting. 
2 Discussions on Case 1
Scheduler and link adapter at gNB are tasked to select a proper transmission scheme for downlink transmissions based on reported CSI from the UE. For URLLC this becomes challenging due to high reliability requirements (typically in the order of 10-5 to 10-6 for packet error rate), especially when spectral efficient is taken into account as well. CSI enhancements are considered possible to provide benefits and meet more stringent requirements for URLLC. For Case 1 CSI enhancement, new reporting metrics/mechanisms are mainly focused on the fast interference change. To compare the pros and cons for the reporting sub-schemes listed above (i.e., from Case 1-1 to Case 1-11), a number of performance metrics are defined by the simulation assumptions.
From implementation point of view, sub-schemes including the statistical SINR in Case 1-1, Interference statistics in Case 1-3, Interference covariance matrix in Case 1-4 may not be favourable. In practical UE implementation, the receiver processing could be substantially different probably resulting in different SINR-BLER performance. Consequently, the reporting of statistical SINR in Case 1-1 may not truly reflect the MCS that a receiver can process, hence the usefulness in gNB scheduler and link adapter is doubtful. Otherwise, if a certain SINR-BLER mapping is defined by specification, it will largely restrict the UE implementation or some kind of pre-compensation may be required for the UE implementation, which certainly brings extra complexity to UEs. For the same reason, reporting of interference statistics in Case 1-3 may not be helpful for gNB scheduling either. For Case 1-4, additional burdens are imposed due to the unaffordable signalling overhead.
The prediction based sub-schemes, including CSI prediction in Case 1-2, CSI expiration time prediction in Case 1-10 may not be as effective as expected due to rapid fluctuation of interference condition. It is difficult or even not feasible for a UE to make an accurate prediction or update the prediction in time when the interference is fast changing. In addition, large standardization efforts and large evaluation workload may be incurred by these schemes. Although these predictions may be possible in future, e.g., based on AI data training as proposed by some companies for Rel-18 in RAN#91-e, it is more practical to limit the scope at this stage.
For the other sub-schemes, the solutions are mostly based on additional CQI reporting. For example, Case 1-1 relies on statistical CQI report and Case 1-6 and Case 1-7 require the UE to report worst CQI. These sub-schemes may be able to provide some observable performance gains meanwhile minimizing specification impacts by largely reusing existing designs, which are thus preferred by us if the performance gains can justify the standardization efforts. We are open to discuss further the design details.
Proposal 1: New CQI reporting based schemes (e.g., Case 1-1 for statistical CQI, Case 1-6 and Case 1-7) could be considered in Rel-17 if the performance gains can justify the standardization efforts. 
In order to support new CQI reporting (if agreed to be supported), a number of aspects need to be considered, e.g., how to define the new CQI reporting and how to transmit the new CQI reporting. Regarding the definition of new CQI reporting, a number of open issues exist. For examples, whether a statistical CQI or a worst-case CQI or both are supported? Whether a same BLER target or a same SINR target is applied for the new CQI reporting compared to legacy CQI reporting? How to get the statistical CQI or worst CQI? Is the statistical CQI or worst CQI computed across frequency domain or time domain? On the other hand, the new CQI reporting could be transmitted simultaneously with legacy CQI reporting or separately using a different channel. As the new CQI reporting is targeted to reflect the fast interference change, separate reporting may lead to extra delay, which is not desired by URLLC.   
Proposal 2: New CQI reporting and legacy CQI reporting could be configured to be simultaneously transmitted if the new CQI reporting is supported.
3 Discussions on Case 2
The schemes (sub-schemes) defined for Case 2 are mainly targeted to assist the gNB to acquire more information for a PDSCH transmission (or retransmission) in addition to the ACK/NACK feedbacks, which may facilitate the link adaption to converge to the optimal operating point faster than conventional ACK/NACK based OLLA. Actually, the sub-schemes Case 2-1, Case 2-2 and Case 2-3 can be considered to be in a same direction, i.e., to provide some kind of soft information besides HARQ-ACK feedback. The difference among them is what kind of soft information is reported. In theory, this kind of soft information could be helpful for gNB scheduler. However, it may be quite challenging for the UE to acquire the soft information considering that successful decoding or failed decoding may be resulted by different reasons (e.g. beam blockage, frequency selection fading, interference spike, channel fading hole, etc). Moreover, when Case 1 is supported, the benefit of this kind of soft information needs to be justified, especially considering the robustness of a URLLC DL transmission is most likely to be guaranteed by its initial transmission.
Other sub-schemes other than Case 2-1, Case 2-2 and Case 2-3 are likely to provide marginal performance gains or support very limited use cases. In particular, if any sub-scheme in Case 1 is supported, the benefit may become much less attractive.
Proposal 3: Soft information based sub-schemes (e.g., Case 2-1, Case 2-2, Case 2-3) could be considered if meaningful performance gain can be further achieved when Case 1 is supported. The exact soft information could be for further study when it is supported.
4 Conclusion
In this contribution, we discuss the schemes (sub-schemes) for CSI feedback enhancements and a number of proposals are made in the following:
Proposal 1: New CQI reporting based schemes (e.g., Case 1-1 for statistical CQI, Case 1-6 and Case 1-7) could be considered in Rel-17 if the performance gains can justify the standardization efforts.
[bookmark: _GoBack]Proposal 2: New CQI reporting and legacy CQI reporting could be configured to be simultaneously transmitted if the new CQI reporting is supported.
Proposal 3: Soft information based sub-schemes (e.g., Case 2-1, Case 2-2, Case 2-3) could be considered if meaningful performance gain can be further achieved when Case 1 is supported. The exact soft information could be for further study if it is supported.
5 References
[1] 	R1-2102131, Feature lead summary #4 on CSI feedback enhancements for enhanced URLLC/IIoT, Moderator (InterDigital, Inc.). 
[2] R1-2102749, Summary of additional discussions on CSI feedback enhancements for enhanced URLLC/IIoT after RAN1#104-e, Moderator (InterDigital, Inc.).

