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1 Introduction
During RAN1#94 meeting, the following were agreed:
Agreements: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
Agreements: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH

· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.

· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot

· Other enablers are not precluded
In this contribution, we discuss potential UCI enhancements for URLLC to support the stringent requirements of URLLC Rel-16. 
2 Discussion
Parallel to RAN1 URLLC enhancements study item, RAN2 has started studying NR industrial IoT which includes new uses cases such as factory automation and transport industry. Several use cases to be supported in Rel-16 require simultaneous transmission of URLLC and eMBB [2]. The Rel-16 URLLC requirements for downlink transmissions target very low BLER compared to eMBB transmissions. The reliability of URLLC uplink control information impacts the reliability of URLLC downlink transmissions as well. Consequently, UCI enhancement is needed to support the the new use cases. To adapt the UCI transmission parameters in order to reflect its corresponding reliability, a UE needs to be aware of the UCI content’s target reliability. For example, for UCI carrying HARQ A/N feedback, one option could be to associate a reliability requirement of a PDSCH ACK/NAK to the CORESET and/or search space used to schedule the transport block. Another option could be to use a bitfield in the DCI or different DCI format to indicate to the UE the type of service. We thus propose to study how to indicate the reliability requirements associated to a transmission.
Proposal 1: 
Support dynamic indication of the reliability requirement associated to a transmission.
In NR Rel-15, a UE can transmit at most one PUCCH for HARQ-ACK feedback within a slot. When a UE multiplexes multiple A/N of different TBs into one HARQ codebook, the UE uses the PUCCH resource indication received in the last DCI which indicates the same HARQ-ACK timing. During the RAN1#94 meeting, it was agreed to study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot. The use case of transmitting more than one PUCCH in one slot is to separate HARQ feedback of URLLC and eMBB transmissions. To enable that, as we discussed in the previous section, the first step is that a UE needs to be able to distinguish between eMBB and URLLC UCI transmissions. Once the UE is able to determine the UCI reliability requirement, and when it is configured to transmit URLLC and eMBB A/N in the same slot, a UE should use the PUCCH resource indication used in scheduling URLLC transport block to acknowledge the URLLC PDSCH only and the eMBB transport block(s) can be acknowledged in similar way as in NR Rel-15. Furthermore, the gNB can configure the UE with a PUCCH resource set specific to URLLC. 
Proposal 2:
Support transmission of HARQ-ACK feedback of URLLC PDSCH in different PUCCH resource than eMBB PDSCH.
Proposal 3: 
Support configuration of PUCCH resource set specific to URLLC HARQ-ACK transmissions.
Prioritization of UCI related to URLLC transmissions:

As we discussed in the previous sections section, HARQ-ACK feedback corresponding to URLLC transport block should be transmitted in different PUCCH resource. In case the PUCCH resource carrying HARQ feedback of URLLC transport block is overlapping with eMBB feedback, a UE should prioritize the URLLC HARQ feedback over the eMBB HARQ feedback. For example, a UE may be configured to transmit HARQ feedback of eMBB transmission using PUCCH resource with duration of 14 symbols within a slot and with PUCCH with duration of two symbols in the starting symbols of the same slot to carry URLLC feedback. In such case, multiplexing the feedback of URLLC transmission with eMBB feedback my increase the latency and impact the reliability of URLLC A/N. Thus, we propose the following:
Proposal 5:
Support prioritization of URLLC HARQ-ACK feedback over eMBB HARQ-ACK feedback.
In NR, a UE can be configured with multiple SR resources. Each logical channel maps to at most one SR configuration. Uplink transmissions with similar service requirements can be associated to logical channels of the same SR configuration. The UE selects SR resource based on the SR configuration configured for the logical channel that triggered SR. The SR PUCCH resource for URLLC is expected to be configured with shorter periodicity, and using short PUCCH format e.g. PUCCH format 0. The UE can be also configured with other PUCCH resources for HARQ A/N, CSI report and for eMBB SR. In NR Rel-15, the UE multiplex all UCIs on either one PUCCH or one PUSCH if the timeline requirement is satisfied. If two overlapping resources have the same starting symbol, the UE selects the PUCCH resource with longer duration within the slot. In such case, the URLLC SR transmission will be delayed due to the duration of PUCCH and thus may impact the latency of the URLLC service. 
Proposal 6:
Support prioritization of URLLC SR transmission over eMBB PUCCH/PUSCH transmission.
UCI on PUSCH:
RAN1 also agreed on studying further enhanced HARQ-ACK multiplexing on PUCCH. For UCI transmission on PUSCH in NR Rel-15, the UE calculates the number 
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of coded modulation symbols for HARQ-ACK transmission and the number 
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of coded modulation symbols for CSI transmission based on the higher layer configuration of the 
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. As the reliability of the UCI is dependent on the parameters controlling rate matching, supporting different configurations of these parameters based on the type of traffic associated to the UCI should be considered.
Proposal 4:
For UCI transmission on PUSCH, consider support for rate matching parameters (e.g. beta values) depending on priority of the transmission associated to the UCI (e.g. URLLC or other). 
Power control aspects:

Once the UE is having UCI of URLLC, it is desirable to increase the power of the PUCCH carrying HARQ A/N feedback in order to increase the reliability. To enable this, a UE should be configured with different power control parameters for ultra-reliable service compared to eMBB service.
Proposal 7: 
Support configuration of URLLC specific power control parameters.
3 Conclusion

This contribution discusses potential UCI enhancement of URLLC. The following is proposed:
Proposal 1: 
Support dynamic indication of the reliability requirement associated to a transmission.
Proposal 2:
Support transmission of HARQ-ACK feedback of URLLC PDSCH in different PUCCH resource than eMBB PDSCH.
Proposal 3: 
Support configuration of PUCCH resource set specific to URLLC HARQ-ACK transmissions.
Proposal 4:
For UCI transmission on PUSCH, consider support for rate matching parameters (e.g. beta values) depending on priority of the transmission associated to the UCI (e.g. URLLC or other). 

Proposal 5:
Support prioritization of URLLC HARQ-ACK feedback over eMBB HARQ-ACK feedback.
Proposal 6:
Support prioritization of URLLC SR transmission over eMBB PUCCH/PUSCH transmission.
Proposal 7: 
Support configuration of URLLC specific power control parameters.
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