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Background
In 5G NR, different services can be supported with different quality of service (QoS) requirements, e.g. reliability and delay tolerance. For example, eMBB is targeted for high data rate, and URLLC is for ultra-reliability and low latency. 
The HARQ-ACK feedback is essential to provide ultra-reliability with fast re-transmission, and the short PUCCH format is a good fit to carry the HARQ-ACK feedback for URLLC PDSCH transmission. In this contribution, we provide our views on required PUCCH enhancements on reliability and low-latency for PUCCH carrying URLLC HARQ-ACK feedback. 
URLLC PUCCH requirements
URLLC traffic requires ultra-reliability and low latency. To provide ultra-reliability for URLLC data transmission, a different CQI and MCS table can be configured for URLLC with 10^-5 error probability, as agreed in RAN1 #93 [1]. To provide ultra-low latency, sub-slot scheduling (i.e. PDSCH/PUSCH mapping type B) can be used for URLLC data transmissions. Furthermore, fast re-transmission is needed within a subframe to increase the reliability and to satisfy the desired latency.
For URLLC, a data packet should be transmitted as soon as it arrives, and the corresponding HARQ-ACK should be reported as soon as possible. The number of HARQ-ACK processes allocated to URLLC can be limited to 1 or 2. Due to the ultra-low latency requirements, the short PUCCH format 0 with up to 2 bits of UCI is more suitable for HARQ-ACK feedback of URLLC PDSCH transmission. Thus, an ultra-reliable PUCCH with up to 2 bits of UCI can be specified by enhancing the reliability of PUCCH format 0. 
The PUCCH format for URLLC HARQ-ACK feedback should be enhanced to satisfy the URLLC requirements. First of all, the PUCCH for HARQ-ACK feedback of URLLC PDSCH should have at least the same or higher reliability than the URLLC data itself. Secondly, to allow fast re-transmission, two or more PUCCH resources for URLLC HARQ-ACK feedback should be supported in time domain within a subframe. Furthermore, the HARQ-ACK timing for a URLLC PDSCH transmission should be enhanced to allow fast feedback and retransmission within a subframe. 
In summary, both ultra-reliability and ultra-low latency should be supported for a PUCCH format for HARQ-ACK feedback of URLLC PDSCH transmissions, and at least an enhanced PUCCH format 0 with much higher reliability should be supported. 
Proposal 1: Enhanced short PUCCH based on Format 0 is supported for HARQ-ACK feedback of URLLC DL transmission.
Enhancement of PUCCH reliability
The PUCCH for HARQ-ACK feedback of URLLC PDSCH should be more reliable than the URLLC PDSCH transmission. Otherwise, the HARQ-ACK feedback would be meaningless. The current NR PUCCH design is targeted for a ACK to DTX/NACK error probability of 10^-2, and NACK to ACK error probability of 10^-3. Obviously, the current PUCCH formats cannot provide the required reliability for HARQ-ACK feedback of URLLC traffic. Some enhancements should be specified to increase the PUCCH reliability for HARQ-ACK feedback of URLLC traffic to at least 10^-5 or 10^-6. 
Allocate more resources is a straightforward way to increase the PUCCH reliability. For example, 
· Compared with a fixed single PRB for format 0, the ultra-reliable PUCCH format 0 can be configured with more than one PRBs. 
· Similarly, continuous time domain repetition of short PUCCH format 0 can provide extra redundancy and reliability. 
· Furthermore, transmit diversity (TxD) can further increase the reliability by transmitting PUCCH on two antenna ports, each using a separate PUCCH resource. 
· Moreover, the ultra-reliable PUCCH can be configured with a higher transmit power than a normal PUCCH format [2]. 
These techniques can be configured independently or jointly for a PUCCH for URLLC to satisfy the BER requirements. RAN1 should further study the desirable BER performance criteria and techniques necessary to achieve it.
Proposal 2: To achieve higher reliability, a PUCCH for URLLC can be enhanced by a combination of multiple PRB allocation, transmit diversity and power control, etc.
Low latency PUCCH resource configuration
In NR, multiple PUCCH resource sets may be configured for different payload sizes. For a PUCCH reporting, a PUCCH resource set is first determined based on the UCI payload size. The ARI field indicates the PUCCH resource subset in a PUCCH resource set. If there are more than one PUCCH resources in each subset, the PUCCH resource is determined implicitly based on CCE index of the scheduling DCI.
For URLLC, the short PUCCH is more useful because of the low latency requirements. At least one PUCCH resource set for up to 2 bits of UCI should be configured. To provide desired latency and reliability for DL URLLC transmission, PUCCH resources need to be allocated to allow PDSCH retransmissions in a timely manner Thus, two or more PUCCH resources with different starting symbols may be configured in a subframe or a slot [3][4]. 
In current PUCCH resource allocation, only a single starting symbol position in a slot is configured for a PUCCH resource. For URLLC PUCCH, some enhancements can be considered to support multiple starting positions in a slot, e.g. 
· A PUCCH resource subset includes multiple PUCCH resources with different starting symbols in a slot;
· A single PUCCH resource may be configured with multiple starting symbol positions in a slot; 
· Periodic PUCCH resources may be configured with a PUCCH format and a periodicity, etc.
The detailed settings and signalling of URLLC PUCCH resource configuration should be further studied together with the HARQ-ACK timing indication methods [2]. In general, if multiple PUCCH starting positions are configured in a slot, the earliest PUCCH resource that satisfied the HARQ-ACK timing requirement should be used for HARQ-ACK reporting.
Since URLLC has different reliability and delay requirements from eMBB. The HARQ-ACK feedback PUCCH resources for URLLC should be configured separately from the resources for eMBB with different set of parameters. The PUCCH resources for URLLC HARQ-ACK feedback should use an ultra-reliable PUCCH format with low-latency allocations in time domain.
Proposal 3: New methods should be specified for URLLC PUCCH resource configuration to allow multiple starting symbol positions in a slot.
Conclusion
In this contribution, we discuss the necessity and potential methods of reliability and low-latency enhancements for PUCCH carrying HARQ-ACK feedback of DL URLLC data. We propose

Proposal 1: Enhanced short PUCCH based on Format 0 is supported for HARQ-ACK feedback of URLLC DL transmission.
Proposal 2: To achieve higher reliability, a PUCCH for URLLC can be enhanced by a combination of multiple PRB allocation, transmit diversity and power control, etc.
Proposal 3: New methods should be specified for URLLC PUCCH resource configuration to allow multiple starting symbol positions in a slot.
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