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1. Introduction
In RAN1#104-e, following conclusion was made for further study and discussion on CSI feedback enhancements for URLLC [1]. 
	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.


According to above conclusion, there was an email discussion for sharing view on proposed scheme of CSI feedback enhancement. In this contribution, we discuss and provide our views on potential enhancements of CSI feedback for supporting URLLC with context of the email discussions.

2. Discussion
2.1. Whether to introduce new triggering method for A-CSI on PUCCH 
Regarding A-CSI on PUCCH by DL DCI triggering, the main issue is how to trigger CSI reporting. Considering the scope of URLLC WI, the goal should be CSI and MCS accuracy for URLLC reliability enhancement. However, if UE perform same measurement for CSI and report same content structure regardless of CSI triggering method, the performance must be same as existing triggering method. 
The beneficial point of A-CSI on PUCCH via DL DCI, is to save PDCCH overhead. Thus, the enhanced MCS accuracy can be achieved only by frequent A-CSI reporting thanks to low PDCCH overhead. However, it would not be straightforward due to limited UL resource and complicated timeline with other URLLC transmission. Moreover, if two or more A-CSI PUCCH is required to achieve the higher performance for a period, it may not have much difference between SP-CSI on PUCCH. Since SP-CSI could support multiple CSI reporting for a period via only two DCI, activation and release. 
Proposal #1: Do not support A-CSI on PUCCH by DL DCI triggering.

2.2. New CSI reporting scheme. 
In the last meeting, the following candidate schemes have been identified to enhance CSI 
· Case 1, schemes based on CSI-RS measurement
· 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
· 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, schemes based on PDSCH receptions. 
· Case 2-1: Decoding margin
· Case 2-2: Block error probability
· Case 2-3: (Delta) CQI/MCS/SINR
· Case 2-4: HARQ RV sequence
· Case 2-5: Reason for NACK
· Case 2-6: Number of NACK values
For each Case, we would like to share our views.

2.2.1.  Case-1 New CSI reporting
Schemes categorized as case-1, are based on existing CSI-RS measurement. Thus, the biggest difference is how reporting quantity are generated. Since there are few common approaches, some scheme can be grouped. On each group, we have following views. 
· Case 1-1, 1-3, 1-5: Statistical information from measurement history
· Those schemes are basically targeting to report compressed information from UE’s continuously measuring. Thus, it consequently requires UE power consumption or CSI report delay, in order to measure. For statistical information of frequency domain, there seems no clear benefit comparing to multiple sub-band CSI reporting.
· In addition to this, SINR reporting would not reflect UE characteristic comparing to CQI reporting. We wonder how gNB schedule differently with same value of SNIR.
· Case 1-2: CSI prediction 
· Prediction could help to reduce CSI overhead, but it is not aligned with our goal for accurate CSI
· Case 1-4: Interference covariance matrix
· Though this scheme could achieve benefit in some scenarios, we think the use case are too restrictive. Moreover, if gNB can control all of interferer in the area, it is unclear that the interference matrix are continuously necessary.
· Case 1-6, 1-7, 1-9: selective sub-band reporting
· It is true that this scheme cannot achieve best performance if all sub-band status are all-known. From the basic concept of selective sub-band reporting, the performance gain would be in terms of UL overhead in the situation with relatively long coherent time.
· To conclude, the evaluation would be necessary to identify its trade-off in practical situation. 
· Case 1-10: CSI expiration time 
· This scheme is to trigger CSI in different way, rather than new CSI reporting quantity. 
· The main issue of this may be solved by gNB’s configuring periodic CSI report with proper periodicity. 
· Case 1-11: Partial information update
· Main target of this scheme is to reduce CSI processing time with less computation.
· By reduction of processing time, high CQI accuracy can be achieved based on timely CQI reporting. Main discussion point would be how many time can be saved.

From above schemes, we think the scheme using historical information would be not desirable for URLLC. Those scheme would require continuous CSI transaction. Since some of URLLC traffic is not predictable and sporadic, continuous CSI measurement and reporting would make larger overhead of CSI-RS and UL resource for reporting than its usage. 
Selective sub-and reporting is not using historical information, however, Sub-band reporting needs to measure all sub-band to identify worst or best CSI, which require UE power consumption and computation burden. Also, it is necessary to identify the performance when frequent CSI reporting are configured.
In general, we would like to make more accurate CSI quantity rather than optimized CSI reporting to allow frequent CSI report. To align with the goal specified in WID, we suggests to focus case 1-11 which is only one scheme to make CSI report accurate, by fast CSI reporting. We think it is most suitable option at this stage.
We also can consider new reporting quantity with partial information update. For example, it can be considered to report CQI only on worst sub-band among a subset of sub-bands. 
Proposal #2: Among scheme of case 1, focus the partial information update scheme (case 1-11) for CSI feedback enhancement. 

2.3. Case-2 New CSI reporting
Case-2 reporting are not rely on existing CSI measurement. In case-2, most of scheme are using PDSCH decoding procedure. We categorized scheme into two way. 
· Case 2-1, 2, 3, 4: Information from PDSCH decoding process
· Case 2-5, 6: Information from PDSCH decoding result

Case 2-1, 2, 3, and 4 are using information from PDSCH decoding process and make different quantity from that. The main issue is that PDSCH decoding procedure would be same or different up to UE implementation. Thus, it is highly necessary to discuss how we represent information of decoding process as common metrics which are not vendor-specific or UE-specific. In addition to this, such decoding performance could be different among different UEs, it is also required to translate decoding process by UE into the reporting quantities. For this, existing metric such as CQI or MCS could be used as Case-2 reporting quantities.
Proposal #3: It is necessary to discuss possible candidate of reporting quantity for case-2 reporting. 

Case 2-5, 6 are based on the PDSCH decoding result in terms of HARQ-ACK feedback. In other words, these scheme generates more informative HARQ-ACK. However, in proper URLLC service and its scheduling, UE may not meet the situation to send the number of NACK. In this case, Case 2-5, 6 has less impact. For example, if gNB schedule lowest MCS with wasting the resource, Case 2-5,6 cannot help this situation. Moreover, to get more proper MCS, it requires to fail the transmission which we should avoid. We think these are not suitable for URLLC.
Proposal #4: Case 2-5 and Case 2-6 can be deprioritized for URLLC service.

 If UE has been scheduled with multiple PDSCH resource, it is also necessary to define which PDSCH is considered (e.g. measured) for case-2 CSI reporting. Considering CSI procedure, PDSCH should be selected with considerations both of CSI PUCCH preparation time and PDSCH processing time. Otherwise, PDSCH can be picked before CSI triggering in order to guarantee CSI processing time if CSI trigger indicates PUCCH resource which satisfies timeline.
Proposal #5: It is necessary to discuss how UE determines PDSCH for case-2 CSI reporting

2.4. Others
If multiple types of CSI reporting are introduced and multiplexed, it is necessary to define a priority among those CSI. The priory would determine CSI dropping for the lack of UL resource. 
In our view, at least for the URLLC traffic, instantaneous CSI would be more important. Thus, case-2 CSI (if introduced) could have higher priority than others if any, and case-1 CSI (if introduced) would be higher priority than legacy CSI if any. 
Proposal #6: It is necessary to discuss CSI priority if multiple CSI reporting types are supported. 

3. Conclusions
In this contribution, potential enhancements of CSI feedback for the support of URLLC were discussed, and the followings are proposed.
Proposal #1: Do not support A-CSI on PUCCH by DL DCI triggering.
Proposal #2: Among scheme of case 1, focus the partial information update scheme (case 1-11) for CSI feedback enhancement. 
Proposal #3: It is necessary to discuss possible candidate of reporting quantity for case-2 reporting. 
Proposal #4: Case 2-5 and Case 2-6 can be deprioritized for URLLC service.
Proposal #5: It is necessary to discuss how UE determines PDSCH for case-2 CSI reporting
Proposal #6: It is necessary to discuss CSI priority if multiple CSI reporting types are supported. 
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