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Introduction
During NR Rel-16 URLLC SI, CSI feedback enhancement was discussed for several RAN1 meetings. But it was not included in the scope of Rel-16 URLLC WI. According to NR Rel-17 URLLC WID [1], one objective is to specify CSI feedback enhancements to allow for more accurate MCS selection. 
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
UE feedback enhancements for HARQ-ACK [RAN1]
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 the CSI feedback enhancement, including triggering mechanism, feedback resource, measurement mechanism and timeline related issues.
Analysis on CSI feedback enhancement
In this section, CSI feedback enhancement study is discussed from three different aspects, namely:
· Aspect 1: triggering mechanism 
· Aspect 2: measurement mechanism 
· Aspect 3: feedback resource
[bookmark: OLE_LINK3]2.1 Aspect 1: triggering mechanism 
[bookmark: OLE_LINK5]As discussed in Rel16 URLLC SI, there are three alternatives for triggering mechanism:
· Alt1：A-CSI triggered by DL grant 
· Alt2：A-CSI triggered by NACK 
· Alt3：A-CSI triggered by GC PDCCH 
For Alt1, A-CSI is triggered by DL grant when scheduling PDSCH. In Rel-15, the A-CSI can only be triggered by UL grant. If there is no UL data, it is quite inefficient to use the whole UL DCI to just trigger A-CSI, which also aggravates PDCCH blocking problem. For URLLC, the PDCCH overhead may be a concern due to most likely using of higher aggregation levels. It should avoid transmitting such UL grant when there is no UL data for URLLC especially. That is, if the gNB happens to schedule a PUSCH, A-CSI can be triggered in the UL grant just like Rel-15. Otherwise, the gNB can trigger A-CSI via DL grant when scheduling a PDSCH.
In addition, CSI enhancement is mainly to allow for more accurate MCS selection for PDSCH. If a DL URLLC packet is large, one packet will be split into multiple TBs. In such case, the A-CSI report would be helpful for better link adaption of the next PDSCH for re-transmission or carrying a new TB. Thus, the advantages of DL grant based A-CSI triggering is more obvious in case DL traffic is heavy. 
Observation 1: DL grant based A-CSI triggering can avoid waste of UL grant in case no UL data to transmit, and is more suitable in case of DL traffic heavy .
Alt2 is an implicit A-CSI triggering method, where A-CSI is triggered only when DL data is not successfully decoded. For URLLC use cases with sporadic small packet, typically CSI reports can only be applied to link adaptation for re-transmissions. It will be out of date for the next coming sporadic TBs. In such case, NACK-based A-CSI triggering with relatively rough CSI reports (e.g. only CQI) seems sufficient. In addition, for SPS PDSCH without associated PDCCH, DL grant based triggering cannot be used. Instead, NACK based A-CSI triggering can be applied for the re-transmission of SPS PDSCH.
On the other hand, NACK is also possible under the target BLER (e.g. 10%) of an accurate link adaption and doesn’t always mean inaccuracy of link adaptation. In this sense, always enabling NACK based A-CSI report doesn’t make sense and it should be controlled by gNB.
[bookmark: OLE_LINK6]Observation 2: NACK based A-CSI triggering is more suitable for URLLC use cases with sporadic small packet, or for SPS PDSCH without associated PDCCH. 
Observation 3: NACK doesn’t always mean inaccurate link adaptation and enabling of NACK based A-CSI triggering should be controlled by gNB.
Alt3 seems more resource efficient since the group-common DCI could trigger more than one UEs to report A-CSI. However, it is most likely that the packet arrival for different UEs is not synchronous, and hence it is unnecessary to trigger multiple UEs to feedback A-CSI at the same time. For each triggering, only a few bits are actually used to trigger A-CSI for each UE, which makes the resource of group-common DCI inefficient in case that few UEs can be grouped together. 
Observation 4: Since the packet arrival for different UEs is most possibly not synchronous, it would be difficult to find a group of UEs for joint triggering by group-common DCI.
Proposal 1: Support both DL grant based A-CSI triggering and NACK based A-CSI triggering in Rel-17.
2.2 Aspect 2: Measurement mechanism 
Since DMRS based CSI measurement is out of the scope. As once discussed in Rel-16 SI, the following alternatives can be considered as the measurement resource for A-CSI report.
· Alt1：CSI measurement is based on CSI-RS 
· Alt2：CSI measurement is based on PDSCH
Alt1 is the traditional method in Rel-15, i.e. UE performs channel measurement and interference measurement based on CSI-RS resources. Once A-CSI is triggered by CSI request field, a specific trigger state is indicated. The CSI-RS used for CSI measurement is configured by gNB for each trigger state through RRC signaling. CSI-RS based A-CSI can provide not only CQI, but PMI/RI information on any frequency resources. This is beneficial if new PMI/RI, beam direction or new frequency resource is used for follow-up transmission. Meanwhile, since the main contribution to inaccurate link adaptation is the frequently changed interference, we can also trigger one CSI-IM-ResourceSet or NZP-CSI-RS-ResourceSet for instantaneous interference measurement. 
However, if the CSI processing time is longer than that of PDSCH, it may introduce more latency for CSI feedback. Then, it may also increase the scheduling latency of next transmission if gNB wants to make use of the new CSI information. This way is more desirable for the URLLC use cases with longer latency tolerance (e.g. ITS, Differential protection) and/or large packet size (e.g. remote driving) for which each packet will be transmitted via multiple TBs and flexible scheduling for each TB with the updated CSI is needed. 
Observation 5: CSI-RS based A-CSI measurement is suitable for the URLLC use cases with longer latency tolerance and/or large packet size.
PDSCH based CSI can only provide CQI information based on the reception on the time and frequency resources of PDSCH. It means the same PMI/RI, beam direction and frequency resources should be assumed for the scheduling of next transmission if gNB wants to use this CSI information. This restriction may be acceptable if the CSI feedback is mainly used for the scheduling of re-transmission. The benefit of this way is that it allows simultaneous generation of HARQ-ACK and CSI, which will not introduce additional feedback latency. Therefore it may be a good choice for URLLC use cases with tight latency requirement and/or sporadic small URLLC packet (e.g. factory automation) since one packet can be accommodated in one TB and flexible scheduling for other TBs with the updated CSI is not needed. 
Meanwhile, to further reduce the A-CSI feedback overhead, a differential value can be reported, such as the offset between the scheduled MCS in DL grant and measured MCS based on PDSCH, or using multi-level NACK to quantify CQI.
Observation 6: PDSCH based A-CSI measurement is suitable for the URLLC use cases with tight latency requirement and/or sporadic small URLLC packet.
Proposal 2: Support both CSI measurement based on CSI-RS and PDSCH in Rel-17.
2.3 Aspect 3: Feedback resource
For UL grant triggered A-CSI, CSI report is transmitted on PUSCH. If DL grant based or NACK based triggering is supported, it needs to further study on which channel CSI report should be transmitted. Basically, there are two alternatives for DL grant based or NACK based A-CSI triggering: 
· Alt1：A-CSI feedback in PUCCH 
· Alt2：A-CSI feedback in PUSCH
For DL grant based or NACK based A-CSI triggering, there is no UL grant to schedule a PUSCH for A-CSI multiplexing. It would be quite inefficient to trigger A-CSI by DL grant or PDSCH decoding while the feedback resource is determined by UL grant. One possible way to relive this issue is to transmit A-CSI in predefined PUSCH, e.g. CG PUSCH. However, it needs to further define or indicate the on which CG transmission occasion the A-CSI should be reported. In addition, CG PUSCH resources cannot be very dynamically adapted. 
Based on above, it is more suitable to use PUCCH to carry the A-CSI for both DL grant based and NACK based A-CSI triggering. 
Proposal 3: For DL grant based or NACK based A-CSI triggering, A-CSI is transmitted in PUCCH.
If A-CSI is transmitted in PUCCH, it needs to further study whether the A-CSI should be transmitted in the same PUCCH carrying HARQ-ACK or not. For NACK-based triggering, the processing time of CSI measurement based on decoding of PDSCH has no difference with the processing time of HARQ-ACK. That is the same PUCCH resource can be used for HARQ-ACK and CSI for NACK-based triggering. 
Proposal 4:  For NACK based A-CSI triggering, A-CSI and HARQ-ACK are transmitted in the same PUCCH. 
In Rel-16, for CSI report(s) on PUSCH, the CSI computation delay requirement is Z'1= 8 for µ=0, Z'1= 11 for µ=1, Z'1= 21 for µ=2, Z'1= 36 for µ=3 [2] and the PDSCH processing time for PDSCH processing capability 2 is: N1= 3 for µ=0, N1= 4.5 for µ=1, N1= 9 for µ=2 for FR1. Obviously, the CSI computation requires more time (assuming the same CSI computation delay as CSI report(s) in PUSCH). Thus, if the CSI measure is based on CSI-RS for DL grant based triggering, the processing timeline between the A-CSI feedback in PUCCH and HARQ-ACK in PUCCH are not aligned. Then, if a UE can prepare all the triggered A-CSI reports when sending HARQ-ACK, the A-CSI reports can be transmitted in the same PUCCH with HARQ-ACK. Otherwise, CSI can be transmitted in another PUCCH resource indicated by the gNB. 
Proposal 5: For DL grant based A-CSI triggering with CSI-RS based measurement, it needs to further study whether the A-CSI should be transmitted in the same PUCCH carrying HARQ-ACK.
If one or multiple A-CSI reports are triggered, gNB needs to determine the PUCCH resource set based on the A-CSI feedback payload size. Unlike SP/P-CSI, for which the payload size can be predetermined, the A-CSI feedback payload size should be determined based on the dynamic triggering. One way is to limit the number of A-CSI triggering, such as only one effective A-CSI triggering allowed before the feedback. But this is detrimental to the feedback flexibility, especially for CA case. Thus, some mechanisms to determine the A-CSI feedback payload should be considered. 
Proposal 6: It needs to further study how to determine the A-CSI feedback payload.
Processing timeline for DL grant based A-CSI triggering 
In Section 2.1, DL-grant based A-CSI triggering is proposed. If CSI measurement is then based on CSI-RS, A-CSI and HARQ-ACK could be transmitted in one PUCCH or separated PUCCHs as discussed in section 2.3. In the following, we further analyze the processing timeline in case of using the same PUCCH or separated PUCCHs for DL grant based A-CSI triggering.
Case1: A-CSI and HARQ-ACK are transmitted in separate PUCCH resources. 
Once A-CSI is triggered by CSI request field in DL grant, a specific trigger state is indicated. The CSI-RS used for CSI measurement is configured by gNB for each trigger state through RRC signaling. So, CSI measurement can only be performed after decoding the associated PDCCH and the reception of corresponding CSI-RS. Two examples are showed in the below FIG. 1 and FIG. 2, where processing time 1 is defined as the decoding time of a PDCCH from the end of the PDCCH, and processing time 2 is timeline for CSI measurement from the end of CSI-RS resources. In FIG. 1, the starting of PUCCH carrying A-CSI is determined by the end of CSI-RS and processing time 2. In FIG. 2, the starting of PUCCH carrying A-CSI is determined by the end of PDCCH, processing time 1 and processing time 2.
[image: ]
FIG. 1 An example of processing time 2 starting from the end of the CSI-RS symbol
[image: ]
FIG. 2 An example of processing time 2 starts from completion of PDCCH decoding
Case2: A-CSI and HARQ-ACK are transmitted in the same PUCCH resource. 
If A-CSI report and the HARQ-ACK for PDSCH are to be transmitted simultaneously in the same PUCCH resource, additional processing time 3 for obtaining HARQ-ACK for decoding the PDSCH should be considered. One example is showed in the below FIG. 3. The starting symbol of PUCCH carrying both A-CSI and HARQ-ACK should be no earlier than a symbol determined by the processing timeline for HARQ-ACK transmission (i.e., processing time 3 after the end of PDSCH), and also no earlier than a symbol determined by the processing timeline for A-CSI transmission (i.e., the timeline discussed in Case 1).
[image: ]
FIG. 3 An example of A-CSI and HARQ-ACK are transmitted in the same PUCCH resource
As discussed in above two cases, the processing timeline for PUCCH carrying A-CSI and HARQ-ACK in the same or separate PUCCH should be further studied.
Proposal 7: For DL-grant based A-CSI triggering, the processing timeline for PUCCH carrying A-CSI and HARQ-ACK in the same or separate PUCCH should be further studied.

Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: DL grant based A-CSI triggering can avoid waste of UL grant in case no UL data to transmit, and is more suitable in case of heavy DL traffic.
Observation 2: NACK based A-CSI triggering is more suitable for URLLC use cases with sporadic small packet, or for SPS PDSCH without associated PDCCH. 
Observation 3: NACK doesn’t always mean inaccurate link adaptation and enabling of NACK based A-CSI triggering should be controlled by gNB
Observation 4: Since the packet arrival for different UEs is most possibly not synchronous, it would be difficult to find a group of UEs for joint triggering by group-common DCI.
Proposal 1: Support both DL grant based A-CSI triggering and NACK based A-CSI triggering in Rel-17.
[bookmark: _GoBack]
Observation 5: CSI-RS based A-CSI measurement is suitable for the URLLC use cases with longer latency tolerance and/or large packet size.
Observation 6: PDSCH based A-CSI measurement is suitable for the URLLC use cases with tight latency requirement and/or sporadic small URLLC packet.
Proposal 2: Support both CSI measurement based on CSI-RS and PDSCH in Rel-17.

Proposal 3: For DL grant based or NACK based A-CSI triggering, A-CSI is transmitted in PUCCH.
Proposal 4:  For NACK based A-CSI triggering, A-CSI and HARQ-ACK are transmitted in the same PUCCH. 
Proposal 5: For DL grant based A-CSI triggering with CSI-RS based measurement, it needs to further study whether the A-CSI should be transmitted in the same PUCCH carrying HARQ-ACK.
Proposal 6: It needs to further study how to determine the A-CSI feedback payload.
Proposal 7: For DL-grant based A-CSI triggering, the processing timeline for PUCCH carrying A-CSI and HARQ-ACK in the same or separate PUCCH should be further studied.
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