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 In RAN plenary #86, the work item on Enhanced Industrial Internet of Things (IIOT) and URLLC Support was agreed [1]. One of the main objectives of the work item is to 
“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, the enhancement of CSI for IOT and URLLC is discussed. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]CSI feedback for PDSCH  
Typical packet error rate (PER) requirements for URLLC are in the order of 10-5 to 10-6, implying thus that packet errors are not expected to happen often. Considering the usual latency requirements for IIOT, i.e. 0.5 to 2 ms for motion control systems ([2]), it is understood that rare packet decoding failures have to be corrected quickly. The reason is that these latency requirements usually do not allow for more than 1 retransmission, in case of 1 ms cycle. Figure 1 shows an example for the time budget in case of 1 ms cycle with SCS equal to 120 kHz. The example in the figure shows that in the case of 14 symbols PDSCH slot and 1 symbol PUCCH (e.g. Format 0) there is time for only 1 retransmission. The same conclusion applies for shorter PDSCH slots, e.g. for a PDSCH mini-slot equal to 2 symbols. In the case of 0.5 msec cycle, there is no time for even a single retransmission, even in the case of 2 symbols PDSCH mini-slot. For the case of 2 msec cycle, the time budget allows for up to 3 retransmissions.
In this direction, sending additional to HARQ NACK information such as the reason for PDSCH decoding failure and suggested radio link adaptation action, as discussed in [3] will help the network to take quickly the appropriate radio link adaptation action. 
The UE has the means via a combination of measurements on CSI RS and DMRS to identify what was the reason for PDSCH decoding failure and the UE can transmit this PDSCH error cause to the gNB. Eventually, the UE can suggest to the gNB the appropriate radio link adaptation action; i.e,. in case of beam blocking, the UE can suggest another-non blocked-and already prepared beam for the retransmission. 
The reasons for PDSCH decoding failure (which can be detected by the UE) are:
· Beam blocking
· Other cell interference
· Frequency selective fading
· coverage hole


[bookmark: _Ref47546819] Figure 1: Time budget for 1 ms cycle, SPS with 14 symbols PDSCH, 1 symbol PDCCH, 20 symbols UE processing time and 3 slots (42 symbols) gNB processing time; SCS 120 kHz.
In some cases though, in order to transmit this information on the PDSCH decoding failure reason, there is a need for PUCCH format and PUCCH resources which are different from the ones used for ACK. E.g. in case of PDSCH decoding failure due to beam blocking and if there is downlink-uplink beam reciprocity, very likely the uplink beam conveying HARQ feedback will be blocked as well. This problem can be avoided by the UE transmitting PUCCH NACK in a set of prepared (pre-configured) uplink beams.
In some other cases this information on the PDSCH decoding failure can be transmitted separately at a second stage, separately from the HARQ feedback. The UE can simply use a SR together with HARQ feedback and request for more uplink resources so as to transmit additional information on the PDSCH Decoding Failure reason.
Proposal 1: Study NACK triggered reporting of PDSCH decoding failure reason and recommended operations.
CSI feedback for PDCCH
Existing CSI/CQI/HARQ feedback methods in NR Rel-15 and Rel-16 focus on the data channel (i.e., the PDSCH). Indeed, in the current NR system, we have  
· CSI/CQI feedback based on CSI-RS measurement, targeting a particular BLER target on the data channel 
· HARQ-ACK feedback, which aims to indicate to the gNB whether a PDSCH transmission is correctly received at the UE or not. 
As explained in our companion paper [2], the CSI/CQI can be used as an inner-loop performance indicator for the data channel in link adaptation, whereas the HARQ-ACK feedback is critical for the gNB’s outer loop link adaptation algorithms. 
However, the reliability of communication in both uplink and downlink depends on the reliability of not only the data channel but also the downlink control channel (i.e., the PDCCH channel). Furthermore, there is no HARQ retransmission for the control channel. Therefore, the reliability of URLLC may be very sensitive to the control channel failure.  Yet, there is no mechanism in NR for the UE to feedback (direct) channel quality information about the PDCCH. 
Observations: The reliability of the PDCCH is critical to achieve 10^-5~10^-6 reliability in both uplink and downlink. However, there is no mechanism in NR to feedback channel quality information about the PDCCH. 
One may argue that the gNB may be able to infer certain state information for the control channel from the CQI/CSI for downlink data channel by implementation. However, it is worth noting that the following aspects:
· The DMRS configuration/channel estimation and coding for PDCCH is quite different from that of PDSCH.  
· The interference profile is typically different between a downlink control channel and a downlink data channel. 
As such, it may not be easy for the base station to accurately infer the channel quality of PDCCH from that of the PDSCH. 
As an alternatively approach, the gNB may always schedule the control channel in a conservative manner. In other words, the gNB needs to leave a big margin when determining the aggregation level of the PDCCH in order to guarantee the reliability of the PDCCH. This may be fine from a reliability perspective. However, the downside of it is that it may cause a  PDCCH blocking issue, which is critical for URLLC systems, since for certain URLLC applications (e.g., IIOT applications), the packet size is small, and the control overhead is significant. This may limit the URLLC capacity and hence affects the URLLC experience, especially for IIOT applications with frequency message exchange requirements. 
A better approach for the gNB to schedule PDCCH transmission is to get direct/dedicated CSI feedback for PDCCH from the UE. The benefits of having dedicated CSI feedback for PDCCH are summarized in the following. 
· A dedicated CSI report for PDCCH may be able to capture the UE implementation-specific factors that may affect the PDCCH decoding performance and are not included in the existing CQI/CSI feedback for the data channel. 
· It may also capture the interference profile on PDCCH that are different from the data channel.  

With the above discussions, we propose to further study the benefit and mechanism to support dedicated CSI feedback for PDCCH to improve the reliability of PDCCH. 
Proposal 2: Study dedicated CSI feedback for PDCCH to improve the reliability/scheduling efficiency of PDCCH. 
Event triggered RS transmission
In R15/16, when a SPS PDSCH has decoding failure, gNB may have to trigger CSI-RS or SRS to identify a better CC, sub-band, or beam, to improve the reliability of retransmission. However, the dynamically triggered RS may not fit into the timeline if the latency requirement for successful delivery is high, e.g. 1 or 2ms. To reduce the RS triggering latency, the RS resource can be pre-configured and activated by the SPS NACK. For example, if UE transmits a SPS NACK in slot # 0, it will also transmit SRS in pre-configured resources across sub-bands, CCs, or beams in slot # 1. In this way, the latency for gNB to transmit DCI triggering the SRS after receiving the SPS NACK can be saved. This saving can be critical in case of tight delivery latency requirement, e.g. 1 or 2ms. The same principle can be applied for both SRS and CSI-RS. 
Proposal 3: Study NACK triggered SRS/CSI-RS transmission on preconfigured RS resources.  
UE request for CSI measurement
[bookmark: _GoBack]In FR2, the UE may autonomously update its Rx beam. This can happen due to UE movement or rotation. For example, UE can measure PDSCH DMRS simultaneously by different beams on different panels, and autonomously update its Rx beam corresponding to the given gNB Tx beam for the PDSCH transmission. However, the CSI information for the new Tx-Rx beam pair should be updated accordingly, including CQI, PMI, RI, since the channel matrix is likely to be different from that for the previous Tx-Rx beam pair. Therefore, it would be beneficial for UE to request CSI measurement to update CSI for the new beam pair, or to request gNB Tx beam repetition to further refine corresponding UE Rx beam via Rx beam sweep. The CSI measurement request can be sent either via existing SR mechanism or piggybacked on A/N feedback.
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· The request can be triggered due to UE autonomous update its Rx beam.
Conclusions
In summary, we have the following proposals for CSI feedback enhancement for Rel-17 IOT and URLLC. 
Proposal 1: Study NACK triggered reporting of PDSCH decoding failure reason and recommended operations.
Proposal 2: Study dedicated CSI feedback for PDCCH to improve the reliability/scheduling efficiency of PDCCH. 
Proposal 3: Study NACK triggered SRS/CSI-RS transmission on preconfigured RS resources.  
Proposal 4: Support UE request for CSI measurement to update CSI for a new Tx-Rx beam pair.
· The request can be triggered due to UE autonomous update its Rx beam.
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