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1 Introduction
At the RAN1#94 meeting, study on physical layer enhancements for NR URLLC started. HARQ-ACK enhancements for URLLC was discussed and 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
This contribution discusses solutions to enable a separate PUCCH for HARQ-ACK feedback for ultra-reliable downlink transmission to help maintain the high reliability requirement.
2 Discussion
Parallel to RAN1 URLLC study, RAN2 will start studying NR industrial IoT which includes new uses cases such as factory automation and transport industry. As mentioned in our RAN2 contribution [3], several use cases to be supported in Rel-16 require the support of simultaneous transmission of URLLC and eMBB. In NR Rel-15, the UE multiplexes HARQ A/N bits of different TBs in the same HARQ-ACK codebook regardless of the reliability/latency of the transport block. HARQ-ACK feedback has a direct impact on the reliability of PDSCH transmission. For example, having unreliable HARQ-ACK feedback may result in high probability of NACK-to-ACK error or high probability of ACK missed detection. It therefore seems logical to separate the HARQ-ACK feedback of URLLC PDSCH transmission and a HARQ-ACK feedback of eMBB PDSCH transmission. 
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. To enable more than one PUCCH for HARQ, as a first step, a UE needs to distinguish between URLLC and eMBB transmissions. One option could be to use a bitfield in the DCI or different DCI format to indicate to the UE the type of service. Another option could be to configure the UE with search space set or CORESET specific to URLLC service. Upon receiving a DCI within that search space or CORESET, the UE can separate the HARQ-ACK of URLLC from the eMBB feedback. Consequently, the UE needs two PUCCH resources within the same slot if eMBB HARQ A/N is scheduled at the same time as URLLC HARQ A/N. The gNB could indicate to a UE a different PUCCH resource for HARQ-ACK associated to URLLC PDSCH using the ARI in the scheduling DCI. Furthermore, the gNB can configure the UE with a PUCCH resource set specific to URLLC. 
Proposal 1: Study methods to dynamically indicate 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.
Once the UE is configured to transmit HARQ A/N feedback of URLLC service in different PUCCH resource, it is desirable to boost 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 4: Support configuration of URLLC specific power control parameters.

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 5:
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). 

3 Conclusion

This contribution discussed the HARQ-ACK feedback corresponding to URLLC PDSCH. The following is proposed:
Proposal 1: Study methods to dynamically indicate 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: Support configuration of URLLC specific power control parameters.

Proposal 5:
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). 
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