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Introduction
In RAN1 #102e, following agreement was made for enhancement of CSI feedback:  
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
 In this contribution, we show our views on the enhancements on Rel-17 CSI feedback enhancement.
Reduced CSI computation time/complexity 
In Rel-15/16, there are periodic CSI (P-CSI), semi-persistent CSI (SP-CSI) and aperiodic CSI (A-CSI) reports. A-CSI report is triggered by DCI and the content types in CSI report can be semi-statically configured. Only PUSCH could be used for A-CSI transmission. The CSI report can be multiplexed with HARQ-ACK in one PUCCH resource or in independent PUCCH without HARQ-ACK. It is considered beneficial in RAN1 discussion to support fast CSI feedback. The direct way is to either reduce CSI report content or replace the existing CSI report content with certain metrics allowing simplify measurement/processing procedure. 
For reducing report content, partial CSI feedback could be considered. In current specific, the feedback quantity can be configured in CSI-ReportConfig. The candidate parameter include 'none', 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RSRP', 'cri-SINR', 'ssb-Index-RSRP', 'ssb-Index-SINR' and 'cri-RI-LI-PMI-CQI'. Almost all cases include ‘cri’ respectively. As LTE system discovered, different measurement metrics exhibit different stabilities over the time, for example, the values of ‘cri’, ‘RI’ and ‘PMI’ are changed less frequently than CQI.  So it is feasible to have a CSI report containing CQI information only.
If only CQI is updated via report while RI and PMI keep unchanged, the processing time could decrease significantly because UE does not need to iterate all combinations of {RI, PMI, CQI}. For example, for a DL configured with 8 Tx antenna ports at gNB, 2 Rx antenna ports at UE and type-I single-panel codebook, as shown in Table 1, the computation complexity reduces from O(160) for report of {RI, PMI, CQI} to O(1) for report of CQI only. So, CSI processing time is reduced significantly. Furthermore, if beamformed CSI-RS is applied for CSI measurement, CSI processing time can be further reduced due to antenna port number reduction.
Table 1. CSI processing complexity per report content
	Report contents
	Processing complexity

	{RI, PMI, CQI}
	O(4*4*4 + 4*4*2*4 = 192)

	{CQI}
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In addition, to report certain new metrics whose measurement processing are simpler than existing CSI is another way to reduce CSI processing time. For example, data reception status can be used as one type of CSI information. This includes the intermediate output during data decoding, e.g. likelihood ratio values. Reception status calculation is an essential procedure within data decoding, there should be no additional processing after data reception and therefore no additional delay. As the gNB implementation, the reception status should be used for the very next scheduling to maintain the effectiveness of the reception status information. 
In general, interference is more variable than channel state, and the interference measurement based on IM-CSI-RS is simpler and costs less processing time than interference measurement based on NZP-CSI-RS. Hence, report of interference state can be considered as a new reporting type for fast feedback.
Proposal 1: To study following mechanisms in CSI processing time reduction.
· To reduce CSI report content: e.g., to report CQI only; to report measurements on beamformed CSI-RS.
· To define new CSI report types having simplified measurement processing: e.g., to report reception/decoding status; to report interference measured upon IM-CSI-RS.   
In general case, OLLA based on ACK/NACK is used for MCS selection in gNB. The adjustment step for OLLA is determined by target BLER. The target BLER for URLLC is 10-5, so the step for NACK is much larger than ACK. The efficiency for OLLA adjustment is lower than that with higher target BLER. The MCS selection accuracy can be improved if additional information comes together with ACK/NACK for OLLA. For example, UE reports suitable MCS or the MCS delta with respect of the MCS of received PDSCH, based on the channel quality or the decoding SINR. To be more specific, assumes UE receives a PDSCH and decodes it successfully. According to the decoding procedure, the estimated block error becomes lower than target BLER. Then UE can report a higher MCS along with ACK to inform gNB of an MCS that can better fit current channel state.
Proposal 2: To study the report of HARQ-ACK with CSI to improve the efficiency of OLLA, e.g., report desired MCS together with HARQ-ACK.
Conclusions
In this contribution, we show our views on CSI feedback enhancement with following proposals:
Proposal 1: To study following mechanisms in CSI processing time reduction.
· To reduce CSI report content: e.g., to report CQI only; to report measurements on beamformed CSI-RS.
· To define new CSI report types having simplified measurement processing: e.g., to report reception/decoding status; to report interference measured upon IM-CSI-RS.   
Proposal 2: To study the report of HARQ-ACK with CSI to improve the efficiency of OLLA, e.g., report desired MCS together with HARQ-ACK.
References
[1] R1-2008280 CSI feedback enhancements for URLLC, OPPO
[2] R1-2009775 Feature lead summary #4 on CSI feedback enhancements for enhanced URLLC/IIoT 



1

