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1 Introduction
In NR Rel-15, short PUCCH and long PUCCH are specified to support different scenarios, where short PUCCH is targeted to apply in latency sensitive case, and long PUCCH is used in normal eMBB services. In order to provide better coverage, a UE may be configured for multi-slot PUCCH transmission.  However, different from eMBB service, URLLC service has more stringent requirement on latency and reliability, that may give some challenges for PUCCH design. 
In this contribution, we firstly evaluate typical NR-PUCCH performance, and further discuss bottlenecks that will impact the BLER target implementation and possible enhancements.
2 Discussion 
For URLLC, the service requirements are given in TR 38.913[1], where the requirements of latency and reliability are listed as the following:

· A general URLLC reliability requirement for one transmission of a packet is 1-10^-5 for 32 bytes with a user plane latency of 1ms.
· For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL.
In view of the extreme requirements of latency, the existing short PUCCH design should be considered as a starting point.  With respect to reliability, the packet error rate is required to be lower than 10-5. In LTE, the PUCCH performance target is 1% DTX to ACK error, 1% ACK detection error rate and 0.1% NACK to ACK error rate. For comparison, we provide a simulation result for NR-PUCCH format 0 as shown in figure 1. The PUCCH format 0 with 1 symbol and 2 symbols cases are evaluated and the probability of DTX to ACK error rate is 1%. Other detailed assumptions are shown in Appendix.
From the evaluation results, under the LTE requirements, the required SNR for NACK to ACK error rate of 1-symbol PUCCH format 0 is about 1.34dB, and  the 2-symbol case is about -1.15 dB. However, if the target of NACK to ACK error is set as 0.01%, the required SNR need increase with about 6.3dB to meet such target. Moreover, when required SNR of NACK to ACK error rate is set as 0.001% (10^-5), the required SNR is increased by about 12 dB. 
Therefore, if reuse current short PUCCH design for URLLC, the required SNR is very high, which is not desirable. The enhancement of PUCCH for high reliability should be investigated to meet  desired target error rate.

 As discussed in [2], the probability of a successful packet transmission Ppacket under the assumption of at most one retransmission is given by the following expression :
Ppacket=PC*PD1+(1-PC)*(1-PD_A)*PC*PD2+PC*(1-PD1)*(1-PN_A)*PC*PD2
where the PC is the probability of successfully decoding the PDCCH and PD1 and PD2 are the probability of successfully decoding the PDSCH of initial transmission and second transmission. The PD_A is the probability of DTX to ACK error, the P​N_A is the probability of NACK to ACK error. Here we assume ACK missing will result in unnecessary retransmission, and it does not affect the reliability of HARQ based DL transmission.
Assume the BLER of PDCCH for URLLC would reach higher target, the probability of a packet transmission shall be calculated as the following:

Table 1: the probability of successful packet transmission

	Pc
	PD1
	PD2
	PD_A
	PN_A
	Ppacket

	1-10^-4
	1-10^-2
	10^-4
	10^-2
	10^-3
	0..99998698

	1-10^-4
	1-10^-2
	10^-4
	10^-2
	10^-4
	0.99999598

	1-10^-4
	1-10^-2
	10^-4
	10^-2
	10^-5
	 0.99999688

	1-10^-4
	1-10^-3
	10^-4
	10^-2
	10^-3
	0.99999778


As shown in the Table 1, the last three rows meet the target with less than 10-5. When the target error rate of PUCCH is the same as LTE (yellow highlight in Table 1), it requires the downlink transmission achieve a higher reliability including the initial PDSCH transmission. Otherwise, the target error rate of PUCCH should be more stringent, such as less than 10^-4 NACK to ACK error rate.
Based on above discussion, we can observe the PDSCH reliability is dependent on many factors such as PDSCH error rate, PDCCH error rate and PUCCH error rate. Only upgrading one metric doesn’t guarantee the system performance. In case of PUCCH performance, DTX to ACK error rate and NACK to ACK error rate have big impact to PDSCH reliability. Furthermore, we can see DTX to ACK error rate is associated with PDCCH detection error, and NACK to ACK error rate is associated with PDSCH detection error. Therefore, PUCCH reliability improvement is highly relying on PDCCH and PDSCH reliability. In other words, if the reliability of PDSCH and PDCCH is sufficient, the necessity for PUCCH enhancement can be relaxed.
Nevertheless, if PUCCH enhancement is needed, some potential techniques can be considered. For example, short PUCCH repetition or PUCCH transmission diversity. In general, due to UL power limitation, more resource allocations or long sequences may not help too much. 
Observation 1: In current NR-PUCCH design, if targeted to more stringent error rate, required SNR needs to be increased significantly. 
Observation 2:  PUCCH reliability is just one of many factors influencing the DL data transmission reliability.
Proposal: The target of PUCCH reliability for URLCC should be identified before investigating specific PUCCH enhanced techniques. .
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Figure 1: the performance for PUCCH format 0
3 Conclusions
In this contribution we mainly discuss the reliability of PUCCH for URLLC, and following observation and proposal are raised:
Observation 1: In current NR-PUCCH design, if targeted to more stringent error rate, required SNR needs to be increased significantly. 

Observation 2:  PUCCH reliability is just one of many factors influencing the DL data transmission reliability.

Proposal: The target of PUCCH reliability for URLCC should be identified before investigating specific PUCCH enhanced techniques. .
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5 Appendix

	Parameter
	Value

	Carrier frequency
	4 GHz

	System bandwidth
	20MHz

	Channel model
	TDL-C with delay spread =300ns

	Subcarrier spacing
	15 kHz

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	Performance 
	ACK missing @1%
DTX to ACK error rate @1%

NACK to ACK error rate @0.1%,@0.01%, @0.001%

	UCI payload size
	2bit

	PUCCH symbols
	1 or 2 symbols

	Used PRB
	1 PRB

	PUCCH structure
	NR- PUCCH format 0
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