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1 Introduction

In the last meeting, following agreements were made for NR URLLC [1].
	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 on considerations about NR URLLC PUCCH based on evaluation performance. 
2 Discussions on PUCCH for NR URLLC
In last meeting [1], several agreements were made about enhancement on HARQ procedure such as how to enable more than one PUCCH for HARQ-ACK transmission or how to multiplex HARQ-ACK on PUSCH and PUCCH. However, for the PUCCH performance itself, it was not discussed a lot.
For PUCCH format 0, the link-level simulation result is shown in Figure 1, and the simulation parameters are given in Table 1. In our evaluation, it was assumed that 1-bit UCI is carried by PUCCH format 0 with 1 RB and duration of two OFDM symbols. As seen in our evaluation result, the required SNR even for 10-4 is about 18 dB, which implies that quite high SNR operating range is expected to meet the stringent reliability requirement such as 10-5 or 10-6. Thus, it would be difficult to meet the reliability requirement for URLLC only by using the current PUCCH format 0 that will be typically utilized for HARQ-ACK transmission corresponding to back-to-back scheduling with short round-trip latency. In this sense, the potential enhancement to short PUCCH format needs to be further discussed/studied. 
Observation 1: For NR URLLC in rel-16, further enhancement to short PUCCH format can be considered.  
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Figure 1. PUCCH Format 0 performance
Table 1. Link-level simulation Parameters
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-C (delay spread: 300ns)

	Deployment
	Urban macro as listed in 3GPP 38.802

	UE speed
	3 km/h

	BS RX antenna configuration
	4 Rx ports

	UE TX antenna configuration
	1TX port

	System bandwidth
	20 MHz

	Sub-carrier spacing
	30 kHz

	PUCCH
	1 A/N bit, PUCCH format 0 with 2-symbol duration

	Channel estimation
	Practical


3 Conclusion 

In this contribution, we discussed on further considerations to support NR URLLC and obtained following observations and proposals.
Observation 1: For NR URLLC in rel-16, further enhancement to short PUCCH format can be considered.   
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