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1. Introduction
For ultra-reliable communications, beside PDCCH, PUCCH should be also considered to get higher reliability. PUCCH is used to transmit DL HARQ-ACK feedback, scheduling request indication, and CSI reporting, where the requirement of ultra-reliability may be different depending on the UCI type. To ensure high reliability, it may be necessary to consider enhanced UL transmission schemes compared to services requiring less stringent reliability constraints.  In this contribution, we provide our initial views on ultra-reliable PUCCH transmission.
2. PUCCH reliability requirement
In LTE, PUCCH performance requirements are separately defined depending on the impact to the system of a detection error. For instance, whereas ACK miss detection is set to 10-2, NAK-to-ACK error is set to 10-3 highlighting the severity of such an error as it would require RLC-level retransmission, thus impacting application layer throughput. CSI performance on the other hand is defined in terms of BLER and in LTE was set to 10-2 for a 4bit CSI payload. 
Naturally, these UCI performance targets would need to be more stringent to meet the overall URLLC reliability requirement of 1 – 10-5 for a 32 byte packet.  Furthermore, for CSI it may be further broken down into different categories, like as RI, PMI, CQI, and CRI. RI and CRI should have higher reliability than the others. Therefore, UCI-type-specific requirements may be needed for ultra-reliable communications.
Proposal 1: PUCCH reliability should be categorized with separate optimization according to its transmission format and content.
3. Potential enhancements for PUCCH reliability 

For PUCCH reliability enhancement, several candidate techniques may be considered:
Repetition: Repetition is a simple method to improve reliability. Considering UL power limitation, time domain repetition can be considered. Although time domain repetition may increase the latency, it can be controlled by using short PUCCH repetition or using a long PUCCH format with configurable time duration. 
Frequency hopping and diversity: Frequency hopping has been used in LTE PUCCH design and naturally, it can be reused to improve PUCCH reliability. It could be implemented either in a single PUCCH transmission or over repeated PUCCH transmissions. Distributed transmissions in frequency can also be considered for scenarios where PAPR is not a concern particularly if CP-OFDM is used.
Low coding rate: for low coding rate transmission, it means more resources may be allocated in a single PUCCH transmission. Two methods may be considered. First method is using a long PUCCH format to transmit a small UCI payload. A second method is to transmit the UCI on PUSCH, where the advantage is a more flexible coding rate than may be possible with PUCCH.
Proposal 2: In order to support ultra-reliable PUCCH transmission, , time domain repetition, frequency diversity and low coding rate design need to be considered.
4. Conclusion

In this contribution, we discuss different aspects of PUCCH reliable transmission.  Overall, some proposals are provided:
· Proposal 1: PUCCH reliability should be categorized with separate optimization according to its transmission format and content.
· Proposal 2: In order to support ultra-reliable PUCCH transmission, time domain repetition, frequency diversity and low coding rate design need to be considered.
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