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Introduction
In RAN#80 Plenary meeting, the eURLLC study item [1] was approved. The objective of the study item is to study reliability and latency performance supported by NR Rel. 15 and identify further enhancements if needed to satisfy the requirements. The scope includes enhancements to CSI reporting for URLLC scenario.
In RAN1#94, the following high-level agreement was made:
Agreements:
Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,  
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
· Other approaches are not precluded
This contribution further discusses the need for aperiodic CSI reporting on PUCCH. 
Discussion
The topic of A-CSI on PUCCH was previously discussed in Rel-15 timeframe, where A-CSI reporting on PUCCH was agreed to be supported at RAN1#90-AH3. However, due to time limitations and lack of consensus on the triggering mechanism (due to lack of proper study under said time limitations), A-CSI on PUCCH was ultimately left out of NR Rel-15.
However, the existing agreements in NR Rel-15 WI can be taken as a starting point for discussion in eURLLC:
Agreement:
For A-CSI on short PUCCH with single CSI report, downselect from the following:
Alt 1:
The CSI report is triggered with CSI request field in DL-related DCI
· UE-specific or UE-group-specific DCI is to be discussed in control channel session
PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered CSI report from a set of higher-layer configured PUCCH resources
Alt 2:
Use UE-specific UL-related DCI, CSI request field triggers a CSI report. It is indicated in the CSI Report Setting if PUCCH or PUSCH is used
Alt 3:	
Use UE-specific UL-related DCI, indication on if PUCCH or PUSCH is used is determined by bit in DCI

One motivation to introduce A-CSI on PUCCH is to allow for more scheduling flexibility at the gNB, even wideband CSIs, with a relatively low overhead. A-CSI can be triggered aperiodically and it can be wasteful to spend an entire PUSCH transmission (spanning multiple OFDM symbols) if only a couple of 10 bits of WB CSI needs to be transmitted. 
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Another motivation is to allow for same-slot CSI feedback, where a DCI can be received in the beginning of the slot which triggers a short PUCCH at the end of the slot, which allows for very fast CSI feedback which improves the CSI accuracy, especially in case of fast moving UE or rapid interference variation. Additionally, if the UE only has a small amount of data in its buffer, such as is typical for URRLC type of traffic, the time duration for transmission is typically very short and regular, slower, aperiodic CSI triggering requiring multiple slots may not be fast enough for the CSI to be received before the transmission to the UE has ended.
[bookmark: _Toc525917575]Aperiodic CSI on PUCCH allows for same-slot CSI feedback
Therefore, introducing aperiodic CSI feedback carried on PUCCH is a promising feature to enhance URLLC CSI reporting.
[bookmark: _Toc525917801]Introduce aperiodic CSI feedback on PUCCH
Obviously, an A-CSI report must be triggered with DCI by indicating which CSI report shall be reported in the CSI request field. Traditionally, the CSI request field is present in UL-related DCI, as the CSI report in that case is multiplexed with UL-SCH on PUSCH and the UL-related DCI contains the PUSCH resource allocation. However, when the A-CSI report is transmitted on PUCCH, it makes more sense to include a CSI request field in DL-related DCI. 
· Firstly, for the case of same-slot CSI reporting (Y=0), the UE is likely being scheduled with PDSCH in the same slot as it is triggered with an immediate CSI report (otherwise, there is little benefit with immediate reporting). Thus, if the CSI request field is not present in the DL-related DCI containing the DL grant, both a UL-related and DL-related DCI would need to be transmitted in the same slot. 
· Secondly, the DL-related DCI already contains a PUCCH resource indicator field for HARQ-ACK, indicating the timing offset and frequency/code location of the PUCCH carrying ACK/NACK. This field can be re-used for indicating the PUCCH resource for A-CSI. 
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The simplest approach would be to always piggyback the A-CSI report on the same PUCCH resource that is used to transmit the HARQ-ACK, if HARQ-ACK is present. This approach is desirable from a radio resource management perspective as it simplifies user multiplexing. Note that multiplexing P-CSI and HARQ-ACK on the same PUCCH transmission is already supported, and there exists a mechanism to select differently-sized PUCCH resources depending on UCI payload, so a PUCCH resource with larger frequency-occupancy would be selected and HARQ-ACK reliability is not compromised. As HARQ-ACK and A-CSI is “scheduled” on the PUCCH with the same DCI, there is no error case if the DCI is missed.
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Based on this discussion, we propose:
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Conclusions
In this contribution, we made the following observations:
Observation 1	It can be wasteful to transmit an entire multi-symbol PUSCH only to convey a couple of bits of WB CSI
Observation 2	Aperiodic CSI on PUCCH allows for same-slot CSI feedback
Observation 3	It is beneficial to trigger A-CSI on PUCCH with DL-related DCI
Observation 4	Multiplexing HARQ-ACK and A-CSI on the same PUCCH is desirable

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce aperiodic CSI feedback on PUCCH
Proposal 2	To support aperiodic CSI feedback on PUCCH, a CSI request field can be configured to be present in DL-related DCI
Proposal 3	The PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered A-CSI report
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