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Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
0. UE feedback enhancements for HARQ-ACK [RAN1]
0. CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
In this contribution, we discuss about the necessity and potential enhancement for CSI feedback to allow for more accurate MCS selection.
Discussion on necessity of CSI feedback enhancement
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.
Discussion on potential of CSI feedback enhancement
DL grant triggering A-CSI report on PUCCH
For NR operation, 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. Therefore, whether and how to reduce CSI computation time should be studied.
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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.
· Whether and how to reduce CSI computation time should be studied.
Moreover, to ensure the reliability of A-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 2: PUCCH enhancements should also be considered to ensure the more accurate CSI feedback.
Enhancements on CSI report quantity 
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. Considering that URLLC traffic are more likely sub-band scheduled, it is important to ensure that the measured CSI is on the sub-band where the traffic will be scheduled. Since UE may require longer time to acquire sub-band CSI feedback, the UE capability should first be considered to reduce CSI feedback latency. Moreover, 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. 
Proposal 3: Enhancements on CSI report quantity should be considered to ensure the more accurate sub-band 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.
· Whether and how to reduce CSI computation time should be studied.
Proposal 2: PUCCH enhancements should also be considered to ensure the more accurate CSI feedback.
Proposal 3: Enhancements on CSI report quantity should be considered to ensure the more accurate sub-band CSI feedback.
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