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Introduction
In RAN1 #102e, following agreement was made for enhancement of CSI feedback:  
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 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 context reported by CSI can be semi-static configured. Only PUSCH could be used for A-CSI transmission. And the CSI report can be multiplexed with HARQ-ACK in one PUCCH resource or in independent PUCCH resource from HARQ-ACK. For any scheme, the processing time for CSI feedback is longer than the processing time for HARQ-ACK feedback for PDSCH. It causes transmission delay for PUCCH if multiplexing CSI and HARQ-ACK in the PUCCH, showed in Figure 1. So enhancement is needed for fast CSI feedback. A direct way is to reduce report context or simplify the measurement procedure. 


Figure 1. Processing time for CSI multiplexing with HARQ-ACK
For reducing report context, partial of 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 included ‘cri’ respectively. The channel state is usually robust for URLLC scenario, so the value of ‘cri’, ‘RI’, and ‘PMI’ are not changed frequently.  Only ‘CQI’ may update frequently. So only CQI report is enough in usual.
If only CQI is reported and RI and PMI keep the same, then measurement time will decreased significantly due to UE could not iterate all combinations of {RI, PMI, CQI}. For example, gNB has 8 Tx antenna port, UE has 2 Rx antenna port and type I single-panel codebook is applied, Then the measurement case is showed in Table 1. Number of measurement cases reduced to 1 from 160 compared between {CQI} and {RI, PMI, CQI}. For other case with more candidate RI and PMI, the decreased measurement cases number is obviously. So CSI processing time can be reduced by reducing report context, e.g. CQI only. Furthermore, if beamformed CSI RS is applied for CSI measurement, CSI processing time can further reduce due to antenna port number decreases.
Table 1. Number of measurement case
	Report combinations
	Number of measurement cases

	{RI, PMI, CQI}
	4*4*2 + 4*4*2*4 = 160

	{CQI}
	1



In addition, simplifying measurement procedure is one way to reduce CSI processing time. For example, Data reception status can be used as one type of CSI information. And then intermediate output during data decoding, e.g. likelihood ratio value, can be reported. Reception status calculation is essential procedure for data decoding, if use reception status to replace current CSI report, there is no additional measurement procedure and no measurement delay. The reception status will be used for the earliest next scheduling, and avoid the out of time for CSI information.
Proposal 1: Reducing report context and simplifying the measurement procedure can be considered to reduce processing time for CSI feedback, e.g. CQI feedback only based on beamformed CSI-RS and reception status report.
To improve UCI transmission efficiency, CSI together with HARQ-ACK reporting can be considered. Meanwhile, to satisfy UCI, especially for HARQ-ACK, reliability requirement, compressed CSI report needs to study:
· Option 1: Absolute value within small CSI range. The small CSI range can be configured by RRC.
· Option 2: Difference value. MCS in the latest PDSCH can be reference point.
Proposal 2: CSI together with HARQ-ACK reporting can be considered and compressed CSI report needs to study.
Conclusions
In this contribution, we show our views on CSI feedback enhancement with following observations and proposals:
Proposal 1: Reducing report context and simplifying the measurement procedure can be considered to reduce processing time for CSI feedback, e.g. CQI feedback only based on beamformed CSI-RS and reception status report.
[bookmark: _GoBack]Proposal 2: CSI together with HARQ-ACK reporting can be considered and compressed CSI report needs to study.
References
[1] Chairman's Notes RAN1#102-e 



image1.emf
PDSCH

HARQ-ACK

Feedback

HARQ-ACK

Feedback

&

CSI

CSI

-

RS

CSI processing time

PDSCH processing time

TIme


Microsoft_Visio___1.vsdx
PDSCH
HARQ-ACK
Feedback
HARQ-ACK
Feedback
&
CSI
CSI-RS

CSI processing time

PDSCH processing time
TIme



