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	Agreement:
· 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 provide some discussions on enhancements on new triggering methods for A-CSI and new  CSI reporting.	
Enhancement on New triggering methods for A-CSI
The necessity of CSI feedback enhancement has been discussed in Rel-16 among companies. From our perspective, on one hand, the aperiodic CSI report could be useful for bursty traffic, when traffic arrives between two occasions of periodic CSI report. The periodic occasions may be too early or too late for accurate CSI acquisition. One the other hand, the aperiodic CSI report could be useful for retransmission. The periodic CSI feedback may be more likely to be wideband since the sub-band feedback may require longer time to obtain the CSI of the whole wideband. In this regard, the CSI result may not be accurate enough for the bursty and sub-band scheduled URLLC traffic which then limits the spectral efficiency of the traffic if the reported CSI is too conservative and leads to transmission error if the reported CSI is too aggressive.
In Rel-15 and Rel-16, the aperiodic CSI can only be reported in PUSCH and triggered by UL grant. In order to reduce PDCCH overhead and facilitate efficient retransmission, it has been proposed by some companies to introduce DL grant triggering A-CSI report on PUCCH. 
For DL dominant URLLC traffic, trigger A-CSI report by DL grant could save PDCCH overhead and benefit link adaptation. For example, A-CSI report can be triggered by the DL grant scheduling a PDSCH transmission. If retransmission for the PDSCH is needed, the reported A-CSI could be used to determine the MCS parameter for retransmission. If A-CSI can be triggered by DL grant, whether multiplex A-CSI report and HARQ-ACK in the same PUCCH resource or map to different resources should be studied. According to Table 1 and Table 2 (given in TS 38.214), UE CSI computation time is longer than PDSCH processing time especially for sub-band CSI report. If CSI computation time can be reduced to the same level with PDSCH processing time, A-CSI and HARQ-ACK might be multiplexed in the same PUCCH resource. The CSI computation time or complexity is related to the report contents. New CSI reporting content can be considered to reduce the complexity.
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Table1-1 PDSCH processing time for PDSCH processing capability 1
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Table1-2 PDSCH processing time for PDSCH processing capability 2
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Table2-1 CSI computation delay requirement 1
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Table2-2 CSI computation delay requirement 2

Proposal 1: DL grant triggering aperiodic CSI feedback should be supported. 
· Whether multiplex A-CSI report and HARQ-ACK in the same PUCCH resource or map to different resources should be studied.
· New CSI reporting content can be considered to reduce the complexity.
One important issue of DL grant triggering A-CSI is that the UCI payload size is unknown to UE if the DCI is missed. As shown in Fig.1, the HARQ-ACK for PDSCH transmissions scheduled by DL slot#1~#4 is multiplexed in the same PUCCH resource. The A-CSI reporting is triggered by DL DCI in slot#2, so the payload size for the UCI is the sum of HARQ-ACK for 4 PDSCH transmissions and an A-CSI reporting. If the DCI in slot#2 is missed, the UE would assume the UCI payload size as the HARQ-ACK for 4 PDSCH transmissions. For example, if the DCI in slot#2 is successfully decoded by UE, the PUCCH resource #1 will be used for UCI transmission. But if the DCI in slot#2 is missed, UE may use PUCCH resource to report UCI. 
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Fig.1 HARQ-ACK and A-CSI multiplexed in the same PUCCH
To solve this issue, one way is to let the gNB do blind detection to obtain the HARQ-ACK information. However, it would result in much of waste of PUCCH resource. Like in Fig.1, both PUCCH resource #1 and PUCCH resource#2 will be reserved. Another way is to add a new field in DCI to represent the numbers of times the A-CSI reporting is triggered. For example, the new field values of DL DCI in slot#1~slot#4 are respectively 0,1,1,1. If the DCI in slot#2 is missed, the UE could know that A-CSI reporting is triggered from the new field value of DL DCI in slot#3 and slot#4. The A-CSI reporting content can be specified so that the payload size of A-CSI reporting is also fixed. In this way, UE would properly determine the PUCCH resource and report HAQR-ACK information.
Proposal 2: To solve the DCI missing issue, support adding a new field in DCI to represent the numbers of times the A-CSI reporting is triggered, and the fixed payload size of A-CSI reporting can be considered.
Enhancement on New CSI reporting  
Table 3 shows the types of CSI report on PUCCH in Rel-16. 
	PUCCH Format
	Codebook Type
	Frequency granularity
	Time-domain behavior

	Format2/3/4
	Type I
	Wideband
	Periodic/semi-persistent

	Format3/4
	Type I part 1+part 2
	Sub-band
	semi-persistent

	Format3/4
	Type II part 1
	Wideband
	semi-persistent


Table 3 CSI feedback on PUCCH
From Table 3, we can see the limitations of CSI feedback on PUCCH. For periodic CSI report, only wideband CSI feedback of Type I codebook is supported. For semi-persistent CSI report, if Type II codebook is configured in the report, only part 1 of the wideband CSI feedback is supported. We think it is important to ensure that the measured CSI is on the sub-band since URLLC traffic are more likely sub-band scheduled. Considering that UE may require longer time to acquire sub-band CSI feedback, the UE capability could first be considered to reduce CSI feedback latency. Secondly, the report quantity of sub-band CSI feedback can be simplified. For example, UE may only report sub-band CQI to acquire more accurate MCS for retransmission. 
Moreover, to ensure the reliability of CSI report on PUCCH, the enhancement on PUCCH transmission could be considered. In Rel-15, three MCS tables are defined where the lowSE 64QAM MCS table with minimum code rate 0.029 is used to ensure reliability. However, the PUCCH is not correspondingly enhanced with lower MCS resulting in the minimum code rate of PUCCH is only 0.08. Therefore, it is important to also enhance the PUCCH reliability by reducing the coding rate of PUCCH.
Proposal 3: Enhancements on CSI report quantity should be considered to ensure the more accurate sub-band CSI feedback.
Proposal 4: PUCCH enhancements should also be considered to ensure the more accurate CSI feedback.
Conclusions
In this contribution, we share our views on enhancements for CSI feedback for URLLC. The proposals are summarised as follows:
Proposal 1: DL grant triggering aperiodic CSI feedback should be supported. 
· Whether multiplex A-CSI report and HARQ-ACK in the same PUCCH resource or map to different resources should be studied.
· New CSI reporting content can be considered to reduce the complexity.
Proposal 2: To solve the DCI missing issue, support adding a new field in DCI to represent the numbers of times the A-CSI reporting is triggered, and the fixed payload size of A-CSI reporting can be considered.
Proposal 3: Enhancements on CSI report quantity should be considered to ensure the more accurate sub-band CSI feedback.
Proposal 4: PUCCH enhancements should also be considered to ensure the more accurate CSI feedback.
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