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Introduction
During RAN #88e meeting, a revised WID of Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved [1]. The first objective is about whether some physical layer feedback enhancements should be studied and specified for URLLC, including HARQ-ACK and CSI feedback enhancements. Some agreements [2] about CSI feedback enhancements were agreed in RAN1#104b-e.
Conclusion:
For new reporting Case 1, do not consider further the following schemes:
· Case 1-2: CSI prediction
· Case 1-4: Interference covariance matrix
· Case 1-9: Reference wideband CQI excludes worst sub-bands
· Case 1-10: CSI expiration time
Agreements:
For new reporting Case 2, focus study on reporting of delta-CQI/MCS (Case 2-3):
· Note: this delta-CQI/MCS is determined based on UE implementation (for example, using SINR, LLR, raw BER, flipped bits, LDPC iterations, BLEP, # fail parity checks, etc.)
· Companies are encouraged to provide more details in their analysis
· FFS: Granularity of new report type (e.g. units of CQI or MCS, how many bits)
· FFS: Whether quantity reported is relative to the scheduled MCS
Agreement: Focus study on the following for new reporting Case 1:
· Reporting of new metric, where new metric shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. 
· Downselect by RAN1#105 to at most a single method from the following options:
· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· CSI based on worst IMR occasion (FFS details)
· Interference standard deviation (FFS details)
· Worst-M CQI (FFS details)
· FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI).
· Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
· Applicable for same reporting quantity as R16 for CQI. 
· FFS: Whether network configured channel and interference measurement interval can also be applied
· FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
· FFS: how to report the updated CQI
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay

This contribution provides considerations on CSI feedback enhancements based on the summary of additional discussions on CSI feedback enhancements for enhanced URLLC/IIoT after RAN1#104-e [3].
Discussion
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Reporting of new metric
Considering up to one candidate can be selected among proposed reporting of new metric methods, we gives our preference according to the aspects of gain, UE implementation complexity, and specification changes.
Mean-CQI/SINR and stdev-CQI/SINR aim to provide means and std of SINR or CQI. However, gNB can calculate these statistical values itself if there are enough CSI report. And we think the CQI samples on UE side are the same as gNB side. If UE is required to calculate those values, there is high specification impact, including how a UE can get those values, how to feedback and the relation with normal CQI reports. Thus, this method is not preferred.
For CSI based on worst IMR occasion, the idea is to report CQI based on the maximum measured interference within a duration. This method can provide the information such as the worst CSI to the network. In this case, the network can know how conservative scheduling is used while the performance can also be ensured. More specifically, the CQI based on the maximum interference among multiple interference measurement samples is the lower bound. With this information, the network does not schedule with lower MCS compared to this reported worst CSI. If up to one method should be adopted, we prefer this one.
Interference standard deviation can provide reports of mean/variance/max of interference-to-noise ratio. We think they try to present the condition of interference, rather than signal to interference and noise. Similar as Case 1-1, there is high specification impact, including CSI report format, the table of interference quantification, and association to the new CSI-RS resource settings. 
Regarding worst-M CQI, the idea is to report CQI associated with the worst-M sub-bands, in addition to the wideband CQI. This method can get worst-M CQI to understand how bad interferences can be and somewhat use random scheduling across full band with an MCS selected based on worst-M CQI. However, it can only provide the worst CQI in frequency. It has no help of the other dimensions. So this method is limited.
Proposal 1. CSI based on worst IMR occasion can be for further study.
Increasing granularity of subband CQI
Considering increasing granularity of subband CQI, differential subband CQI with 3 bits or full 4-bit subband CQI are reported instead of 2 bits. Basically speaking, there is little specification effort, and little UE complexity. We are fine to further consider it.
Proposal 2. Increasing granularity of subband CQI, e.g. 3-bits differential subband CQI or 4-bit full subband CQI, can be further studied. 
Updating only CQI in a report
For updating only CQI in a report, CQI is updated more frequently than RI/PMI. One benefit is overhead reduction in UCI. Another benefit is processing time reduction, which helps to acquire more accurate channel information. Furthermore, there are significant performance gain of this methods, and with lowest complexity compared with other cases, especially with little specification change. These two are simple schemes and can be considered to be mature. Thus this method should be with highest priority for CSI enhancement.
Proposal 3. Support updating only CQI in a report for Rel-17 CSI enhancement.
Case 2
For Case 2-3, (Delta) CQI/MCS indicates the difference between the actual CQI/MCS for the PDSCH and the required CQI/MCS to achieve a specific BLER target. It is a good method to report the margin between CQI/MCS of scheduling PDSCH and UE expects. From the maturity point of view, Case 2-3 is the most direct way to feedback the decoding margin and easy to define the new type of reports. Thus, we support Case 2-3 for Rel-17 URLLC.
In addition, some details according to Case 2-3 (Delta) CQI/MCS are still open. We would like to provide our considerations for it.
Measurement resource
The measurement resource of (Delta) CQI/MCS should be PDSCH, not traditional CSI-RS. Because UE can report the margin based on the decoding results of PDSCH.  There is no need of an additional CSI-RS transmission associated with this report. 
Furthermore, the radio between PDSCH and (Delta) CQI/MCS can be further studied. From our understanding, one to one mapping of PDSCH and its (Delta) CQI/MCS can provide the most helpful and finest margin. However, this kind of reports need large payload compared to HARQ-ACK feedback only in Rel-15/16. So multiple PDSCH to one (Delta) CQI/MCS can be further studied.
How to trigger (Delta) CQI/MCS
DL-related DCI is supported considering PDSCH is used for generating (Delta) CQI/MCS. It can reuse similar CSI request field in UL DCI, e.g. a new CSI request field in DL DCI can be introduced. The association of CSI report and measurement resource can be further study.
Feedback resource of (Delta) CQI/MCS
The feedback resource of (Delta) CQI/MCS can be PUCCH. This PUCCH can be same or different with PUCCH with PDSCH HARQ-ACK. But from the delay requirement of HARQ-ACK and CSI report, there is little demand for CSI feedback earlier than HARQ-ACK. Therefore, the simplest way is to combine HARQ-ACK and (Delta) CQI/MCS in one PUCCH resource and send to gNB.
Proposal 4. Support Case 2-3 (Delta) CQI/MCS in Rel-17 CSI enhancement.
Proposal 5. PDSCH can be used as measurement resource for Case 2-3 (Delta) CQI/MCS.
Proposal 6. DL DCI is used to trigger the A-CSI report of Case 2-3 (Delta) CQI/MCS.
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In this contribution, we made the following proposals.
Proposal 1.	CSI based on worst IMR occasion can be for further study.
Proposal 2.	Increasing granularity of subband CQI, e.g. 3-bits differential subband CQI or 4-bit full subband CQI, can be further studied. 
Proposal 3.	Support updating only CQI in a report for Rel-17 CSI enhancement.
Proposal 4.	Support Case 2-3 (Delta) CQI/MCS in Rel-17 CSI enhancement.
[bookmark: _GoBack]Proposal 5.	PDSCH can be used as measurement resource for Case 2-3 (Delta) CQI/MCS.
Proposal 6.	DL DCI is used to trigger the A-CSI report of Case 2-3 (Delta) CQI/MCS.
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