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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
One of the objectives of the WI on enhanced iIoT & URLLC [1] is:
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

This contribution focuses on the CSI feedback enhancement aspect of this objective.
2. Discussions 
The objective on CSI feedback is broad and therefore has a study phase to evaluate potential schemes.  The CSI enhancements discussed in Rel-16 but not specified are as follows:
· A-CSI triggered by DL Grant (Fast CSI)
· Implicit triggering of CSI when UE reports a NACK (Fast CSI)
· A-CSI on PUCCH
· CSI to report the worst sub-band
A-CSI triggered by DL Grant and implicit CSI trigger are known as Fast CSI schemes where the aim is to allow the gNB to obtain a CSI as quickly as possible.  The other schemes deal with different aspects of CSI.

2.1 DL Grant Triggered A-CSI
In the current system, Aperiodic CSI (A-CSI) is triggered using the “CSI Request” field in an UL Grant where the A-CSI report is carried by the PUSCH.  During the Rel-16 URLLC SI, some companies, e.g. [2], [3], proposed that A-CSI can also be triggered using DL Grant.  It was argued that CSI is used for MCS selection for PDSCH and using an UL Grant to trigger A-CSI followed by a DL Grant for the PDSCH is slow and leads to high PDCCH overhead and so it would be faster to just trigger the CSI using the DL Grant.  The PUCCH resource can also be indicated in the DL Grant similar to the indication used for HARQ-ACK PUCCH [2].  However, it is observed that A-CSI triggered by DL Grant cannot be used for the initial PDSCH transmission since this would require the UE to transmit the CSI report and the gNB to process it before scheduling the corresponding PDSCH, which would introduce delay to the transmission and is unacceptable for URLLC.
Observation 1: A-CSI triggered by a DL Grant cannot be used for the initial (URLLC) PDSCH transmission since it would introduce delay for the transmission of the CSI report by the UE and the processing of it by the gNB, prior to the transmission of the initial PDSCH.

Although the A-CSI triggered by a DL Grant is not suitable for the initial PDSCH, it can be used for the PDSCH retransmission [3].  The A-CSI report can be multiplexed into the PUCCH used for HARQ-ACK associated with the PDSCH [4].  An example is shown in Figure 1, where the DL Grant in DCI#1 triggers an A-CSI request, which is reported using the PUCCH#1 that carries HARQ-ACK for PSDCH#1.  In this example, PDSCH#1 is not decoded correctly, which leads to a retransmission being scheduled by DCI#2.  The retransmission of PDSCH#1 can therefore make use of the CSI report transmitted using PUCCH#1.  However, it should be noted that a PDSCH retransmission is rare, especially for URLLC, and hence the A-CSI report in most cases is not beneficial.
[image: ]
[bookmark: _Ref31130589]Figure 1: A-CSI triggered by DL-Grant carried by HARQ-ACK PUCCH

Observation 2: A-CSI triggered by a DL Grant targeting a PDSCH retransmission is not beneficial in most cases because retransmission of URLLC PDSCH is rare.

Since there is very little benefit in triggering of A-CSI by a DL Grant, it is proposed that we do not pursue this further.
Proposal 1: A-CSI triggered by DL Grant is NOT supported.

2.2 Implicit A-CSI Trigger
In [5], it is argued that failed PSDCH decoding is due to inaccurate MCS assignment and hence the retransmission of PDSCH can benefit from an accurate or updated CSI report.  It is also argued that using A-CSI triggered by an UL Grant introduces latency for the retransmission of PDSCH.  Although triggering A-CSI using a DL Grant of an initial PDSCH to be carried by the associated PUCCH (e.g. as described in Figure 1) can avoid the latency for the retransmission of PDSCH, this would require the A-CSI to be transmitted all the time in the associated PUCCH, even when there is no retransmission.  Hence, it was proposed that the UE sends an A-CSI on the PUCCH only when it reports a NACK so that the A-CSI can be used for the retransmission.
Firstly, retransmission does not occur very often, especially for URLLC.  Secondly the main gain in using HARQ retransmission is from soft combining of different RVs of the PDSCH and so accurate MCS is unlikely to offer much additional benefit.  Lastly, it is noted in [6] that this would require the UE to perform a fast CQI measurement which has impact on UE complexity.  Hence, we do not see much benefit in having an implicit A-CSI trigger on a NACK.
Observation 3: The gain in using HARQ retransmission is from soft combining and an A-CSI triggered by a NACK does not contribute much benefit.
Proposal 2: Implicit A-CSI triggered by a NACK is NOT supported.

2.3 A-CSI on PUCCH
Currently A-CSI is carried by a PUSCH but the UE may not have any uplink data and so using scheduling a PUSCH is an overkill.  It is also argued that A-CSI on PUSCH that is triggered by an UL Grant consumes high PDCCH overhead [7], [8], and hence it is proposed that an A-CSI is carried by a Short PUCCH (Format 2) which is NOT trigger by an UL Grant.  The triggering options considered are as follow:
· Option 1: A-CSI on Short PUCCH triggered by DL Grant
· Option 2: A-CSI on Short PUCCH implicitly triggered by NACK
· Option 3: A-CSI on Short PUCCH triggered by GC-DCI
We have already discussed Option 1 and Option 2 where we concluded that they are not beneficial.  It is noted that the triggering of SRS can use GC-DCI, i.e. DCI Format 2_3 and so a similar mechanism using GC-DCI (Option 3) can be used for CSI [9].  It is argued in [8] that Option 3 of using GC-DCI is only beneficial if we expect to trigger a lot of UEs to send A-CSI at the same time.  When there are very few UEs that need to be scheduled, then the gNB can afford a slight reduction in spectral efficiency thereby providing a lower MCS than required for the UE and hence there is no need for the UE to be triggered to send an A-CSI.  However, when the gNB has lots of UEs to schedule, then the scheduling needs to be spectrally efficient since the resource may be limited and therefore it is beneficial to trigger these UEs for A-CSI to obtain an accurate MCS.  For these cases, GC-DCI is beneficial to reduce PDCCH overhead.  The use of GC-DCI for triggering of A-CSI need not be limited to only PUCCH but can also be applied to PUSCH based A-CSI.   The overhead in indicating each UE’s resources within the GC-DCI for A-CSI needs to be considered.  Hence these aspects require further study.
Proposal 3: Further study the benefit and overhead cost of triggering A-CSI on short PUCCH or PUSCH using GC-DCI.

2.4 CSI report on worst sub-band
Currently the UE can report a wideband CQI or the sub-band with the best CQI.  However, it is argued in [10] that typically it is difficult to track fast fading with CQI due to the delay in reporting and processing the CQI and this may lead to higher latency since by the time the UE receives the PDSCH, the channel may have worsened, which may cause the PDSCH decoding to fail.  It is also argued in [10] that reporting a wideband CQI is not useful since URLLC packets are small and unlikely to occupy a large number of PRBs.  It is therefore proposed that the UE reports the average CQI of the worst M sub-bands so that the gNB would schedule conservatively [10].  It is shown in [10] that the PSDCH transmission has a higher latency when using best CQI and wideband CQI compared to the average CQI of the worst M sub-band (M=3) sub-bands since conservative scheduling leads to less PDSCH retransmissions.
A conservative CQI reporting targeting a BLER of 10-5 is introduced in Rel-15 for the purpose of increasing the reliability of URLLC PDSCH transmissions.  The benefit of reporting the average CQI of the worst M sub-bands should be compared against using the conservative CQI reporting in Rel-15.
[bookmark: _GoBack]Proposal 4: Further study the benefit of reporting the average CQI for the worst M sub-bands compared to using the conservative CQI targeting BLER of 10-5 in Rel-15.

3. Conclusion
In this contribution, we discuss some CSI reporting schemes and we observe the following: 
Observation 1: A-CSI triggered by a DL Grant cannot be used for the initial (URLLC) PDSCH transmission since it would introduce delay for the transmission of the CSI report by the UE and the processing of it by the gNB, prior to the transmission of the initial PDSCH.
Observation 2: A-CSI triggered by a DL Grant targeting a PDSCH retransmission is not beneficial in most cases because retransmission of URLLC PDSCH is rare.
Observation 3: The gain in using HARQ retransmission is from soft combining and an A-CSI triggered by a NACK does not contribute much benefit.

We therefore propose the following:
Proposal 1: A-CSI triggered by DL Grant is NOT supported.
Proposal 2: Implicit A-CSI triggered by a NACK is NOT supported.
Proposal 3: Further study the benefit and overhead cost of triggering A-CSI on short PUCCH or PUSCH using GC-DCI.
Proposal 4: Further study the benefit of reporting the average CQI for the worst M sub-bands compared to using the conservative CQI targeting BLER of 10-5 in Rel-15.
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