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1. Introduction
In RAN1#102_e e-Meeting, the following agreements were made in terms of CSI enhancement schemes for further studies/evaluations [1].
	Agreements:
· CSI feedback enhancement for Multi-TRP transmission is not to be discussed further under IIoT/URLLC enhancement WI
 
Agreements:
· Baseline assumptions are used as the required minimum to be simulated for the evaluation of candidate CSI enhancement schemes
· Reuse the assumptions in TR 38.824 and TR 38.901 as a starting point
· Companies shall report additional parameters (e.g., CSI measurement settings, CSI reporting schemes) used in their evaluation
· FFS details of baseline assumptions
· Companies can bring additional simulation results with other set(s) of assumptions
 
Agreements:
· Study/evaluate further on following CSI enhancement schemes in terms of technical benefit, specification and implementation impacts.
· New triggering methods for A-CSI and/or SRS
· New reporting based on one or more of the following:
· Case 1: channel/interference measurement for new CSI reporting, considering aspects such as one or more of the following:
· Reporting more accurate interference characteristics
· Reduced CSI feedback overhead (e.g., reporting interference measurement only)
· Enhanced CSI reporting such as WB/SB CQI
· Case 2: other measurement (other than channel/interference) for additional information
· E.g., PDCCH/PDSCH decoding, recommended HARQ RV sequence, etc.
· It targets to help gNB scheduler for better link adaptation of (re)transmission 
· [Reduced CSI computation time/complexity]
· [CSI feedback for PDCCH]  
· Other CSI enhancement schemes that enable accurate MCS selection are not precluded
· Detailed assumptions of the proposed CSI enhancement schemes should be provided by the proponent, such as
· Reporting values
· Triggering conditions for the reporting
· Associated measurement resource
· Uplink resource to be used for the reporting
· How to use the reported information at the gNB scheduler
· CSI-RS overhead and CSI reporting frequency 
· CSI reporting latency/timeline
· Etc.



In this contribution, we present our views on CSI feedback enhancements.

2. CSI feedback enhancement
 Aperiodic CSI on PUCCH
Increase of SNR of CSI-RS is the only way to improve the CSI estimation reliability. Possible ways to increase SNR would be such as CSI-RS power boosting and higher CSI-RS density, while they cause more overhead. In order to keep a good balance between SNR and overhead, such high power/high density CSI-RS transmission should be with the on-demand basis. However, it can be done by existing mechanism, i.e., aperiodic CSI-RS resource. 

Regarding the round-trip time for link adaptation, some companies have been proposing support of aperiodic CSI reporting via PUCCH. On the other hand, the current requirements for aperiodic CSI reporting without TB are 10 symbols for =0. Periodic CSI reporting requirement refers to the processing time requirement for PUSCH transmission, and the PUSCH requirement is comparable to the one for aperiodic CSI reporting. Therefore, it should be further studied how the round-trip time for link adaptation can be shortened by supporting of aperiodic CSI reporting via PUCCH. Another benefit from aperiodic CSI reporting via PUCCH that people have mentioned was DCI overhead reduction in DL-heavy cases. This may be true if the DL-heavy situation is typical for eURLLC use cases. However, in our view the use cases people have in mind, such as AR/VR and factory automation, require some level of UL traffic, e.g. information from sensors. Therefore, it should be justified how much the aperiodic CSI reporting via PUCCH provide DCI overhead reduction gains in realistic eURLLC use cases.

Proposal 1
· It should be justified how much the aperiodic CSI reporting via PUCCH provide DCI overhead reduction gains in realistic eURLLC use cases, such as AR/VR and factory automation which require some level of UL traffic regularly, e.g. information from sensors.

 Reduced CSI computation time/complexity
[bookmark: _Hlk53069511]In the discussions in RAN1#102_e, companies showed their views on whether CSI computation time reduction should be supported for faster CSI reporting in Rel-17. The majority thought it was beneficial. However, some other companies argued against it. The arguments they made were that CSI computation time reduction does not improve CSI fluctuation, because unpredictable interference is a dominant cause for the CSI fluctuation, and also channel coherence time itself is very small and is not the factor. In our view, an operator would not change frequency resource allocation frequently in the carrier where they provide URLLC services, because such scheduling obviously causes unpredictable interferences to URLLC UEs in neighbor cells. Having said that, even if frequency domain scheduling is almost static, there must be still starts and ends of data transmissions which cause rises and decays of interference levels at other cells. Such changes of interference levels should have negative impacts on MCS selection. If CSI reporting interval is long, the gNB cannot become timely aware of the start or end of a neighbor cell’s transmission. Even when CSI reporting interval is short enough, it is still difficult for the gNB to figure out changes of interference levels if the CSI computation takes time. Both increasing the CSI reporting frequency and reducing the CSI computation delay are necessary to fully alleviate the negative impacts from this CSI fluctuation.

Proposal 2
· CSI computation time reduction should be considered for faster CSI reporting in Rel-17.

 New CSI reporting type
Some chip venters insisted that reduction of CSI computation is not feasible from the implementation point of view. It is true that when defining CSI processing capability in Rel-15 RAN1 had a lot of discussions and finally concluded with the current values. At the same time, there were also counter arguments that CSI computation time reduction should be studied together with introduction of the new CSI reporting type which requires less CSI computation complexity compared with the existing types. In our view, it makes sense and is a constructive direction to achieve use of more up-to-date CSI measurement results. An example would be to omit duplicated reports of unchanged CSI elements. In other words, it can be studied to have a partial CSI element reporting based on the latest baseline CSI report.

[bookmark: _Hlk53072267]Proposal 3
· [bookmark: _Hlk53071667]Study a new CSI reporting type which requires less CSI computation complexity.

On the other hand, in RAN1#102_e, there were a variety of schemes that were proposed in a category of a new CSI reporting type. Those schemes were generally classified into two groups. One is channel/interference measurement for new CSI reporting, the other is other measurement (other than channel/interference) for additional information. The benefit from each scheme would be evaluated from the perspective of the metrics that RAN1 agreed. At the same time, we should note that a new CSI reporting type should not require more CSI computation delay compared to Rel-15 requirement. Otherwise it may cause even worse MCS selection accuracy when interference levels from neighbor cells change.

 CSI feedback for PDCCH
Unlike PDSCH, PDCCH link adaptation relies on only coding rate adaptation based on aggregation level selection, since PDCCH supports QPSK only. Therefore, even if optimal coding rate is found at the UE side, its report does not help much for the gNB to further adjust the aggregation level, because the candidate coding rates that the gNB can use are very limited, i.e. the granularity of aggregation levels is very rough.

Observation 1
· PDCCH link adaption is based on aggregation level selection of which granularity is very rough compared to PDSCH link adaptation.


3. Conclusion
[bookmark: _References]In this contribution, we present the following observations and proposals:

Proposal 1
· It should be justified how much the aperiodic CSI reporting via PUCCH provide DCI overhead reduction gains in realistic eURLLC use cases, such as AR/VR and factory automation which require some level of UL traffic regularly, e.g. information from sensors.

Proposal 2
· CSI computation time reduction should be considered for faster CSI reporting in Rel-17.

Proposal 3
· Study a new CSI reporting type which requires less CSI computation complexity.

Observation 1
· PDCCH link adaption is based on aggregation level selection of which granularity is very rough compared to PDSCH link adaptation.
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