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Introduction
Ultra-reliable and low latency communications (URLLC) have been discussed for several RAN1 meetings, but mainly on low latency part. It is scheduled to raise the priority of the ultra-reliable part of URLLC after RAN#76 meeting. In this contribution, we mainly present our considerations on URLLC reliability for uplink control channel. 
PUCCH formats
NR has introduced long and short PUCCH formats for UL control. The long format will provide comparable coverage and would be suitable for macro cell. Short PUCCH format can reduce the processing time. In general, both formats can be applied in URLLC. But short format would be better to used in URLLC as the processing time is important factor for this delay sensitive service. However, short format have limited power. If consider with required error rate, we high power are needed to deliver short format.
Short format is under study to find out how it can meet the URLLC requirement.
Reliability model of URLLC
As specified in [2], 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. To achieve such stringent reliability requirement, several HARQ retransmissions may be needed. In [3], the probability for successful transmission for K transmissions for one HARQ process case is given, 
, where        (1)
which also taking the PUCCH reliability into account. Here  is the probability that the jth transmission is successfully received by UE.  is probability of successful PDCCH transmission and  is probability of successful transmission of k data transmission with HARQ combining at receiver. Here = Prob{DTX or NACK is detected | UE sends DTX}, is the probability that DTX is successfully received or is detected as NACK by eNB, given the UE fails to detect PDCCH. That is represents a data retransmission without HARQ combining at UE side. =Prob{DTX or NACK is detected | UE sends NACK}, is the probability that the NACK is successfully received or is detected as DTX by eNB, given the UE successfully detects PDCCH for the transmission but fails to decode PDSCH. In other words, is the probability that a combinable data retransmission is triggered.
Proposal 1: RAN1 should define a unified model taken into account UL/DL control and data channel into account to evaluate the reliability of URLLC. PUCCH reliability should support the whole reliability of URLLC packet under this model. 
In the next section, from the perspective of PUCCH reliability, we give some suggested combinations of channel reliabilities that can achieve the overall reliability target of 99.999%. 
Analysis of PUCCH reliability 
Among all the factors mentioned above, two parameters  and  are related to PUCCH. To meet the 99.999% requirement of P,  and  should be as large as possible. That is the probability  = Prob{ACK | UE sends DTX} and = Prob{ACK | UE sends NACK} shall be as small as possible. Note, in LTE, the target of false alarm  is 0.01, and the target of  is 0.001. 
Short PUCCH should be the baseline for downlink HARQ-ACK feedback of URLLC because of the low latency requirement. In the following context, sequence selection based short PUCCH without NACK resources sharing for up to 2bits UCI is used to evaluate the reliability of PUCCH. 
· Analysis of  and 
In Figure 1, the performance of 1/2-bit ACK/NACK transmission in 1-symbol sequence selection based PUCCH is shown. In the simulation, three performance metrics with targets including ACK missing probability, NACK-to-ACK probability and DTX-to-ACK probability are applied. The simulation assumptions are given in Table 1 in the Appendix. 
Assume the targets of ACK missing probability and NACK-to-ACK probability are the same as in LTE, i.e., 1% and 0.1% respectively. It can be observed that the minimum required SNR for both 1/2-bit UCI depends on the ACK missing probability, and about 1.5dB enhancement is needed with the DTX-to-ACK probability increasing from 0.01 up to 0.001. 
Observation 1: About 1.5dB boosting on sequence selection based short PUCCH is needed to improve the DTX-to-ACK probability from 0.01 up to 0.001. 
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Figure 1 Performance of 1-symbol PUCCH with   equals 0.01 and 0.001
Since the ACK missing probability  has no direct influence on the overall reliability, the target can be kept as 0.01. However, at the minimum required SNR,  can reach to about  when  =0.01, and about  for  =0.001. Therefore, we propose that, 
Proposal 2: PUCCH reliability metrics can be defined as one of the following combinations, 
· Combination 1:=0.01,   =0.01,  =, i.e.=0.99, =0.99, =0.9999
· Combination 2: =0.01,  =0.001,  =, i.e.=0.99,=0.999, =0.99999
Then, based on (1), for a DL HARQ process of maximum 2 transmissions, the overall reliability target of 99.999% can be achieved by any of following combinations of channel reliabilities:
· With =0.99, =0.9999
· =0.9999, =0.99, =0.9999.
· =0.9999, =0.999, =0.999.
· With =0.999, =0.99999
·  =0.999, =0.999, =0.999. 
For a DL HARQ process of maximum 3 transmissions, the overall reliability target of 99.999% can be achieved by any of following combinations of channel reliabilities:
· With =0.99, =0.9999
· =0.9999, ===0.99. 
· With =0.999, =0.99999
· =0.999, ===0.99. 
· =0.999, =0.9, =0.99, =0.999.  
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]According to the simulation result of Figure A.2 in [3], it can be found that about 2dB enhancement on PDCCH is needed to improve the PDCCH reliability from 99% to 99.9%, and 4dB for 99% to 99.99%. Compared to the 1.5 dB enhancement on PUCCH for improving the DTX-to-ACK probability from 0.01 to 0.001, the enhancement needed for PDCCH is larger. However, short PUCCH is power limited always the bottleneck of the cell coverage. Therefore, both combination may have use cases and need to be investigated under whole consideration of channels.. 
· The number of multiplexing UEs
For sequence selection based PUCCH, the maximum multiplexing capacity is 6 UEs per PRB for 1bit and 3 UEs per PRB for 2bits. However, considering the ultra-reliable requirement of URLLC, it is better to limit the multiplexing capacity for URLLC UEs per PRB, e.g. support only one URLLC UE per PRB.
Proposal 3: Do not support multiplexing of short PUCCHs in same resource(s) for URLLC UEs.  
Conclusion
This contribution provides the following observations and proposals:
Observation 1: About 1.5dB boosting on sequence selection based short PUCCH is needed to improve the DTX-to-ACK probability from 0.01 up to 0.001. 
Proposal 1: RAN1 should define a unified model taken into account UL/DL control and data channel into account to evaluate the reliability of URLLC. PUCCH reliability should support the whole reliability of URLLC packet under this model.
Proposal 2: PUCCH reliability metrics can be defined as one of the following combinations, 
· Combination 1:=0.01,   =0.01,  =, i.e.=0.99, =0.99, =0.9999
· Combination 2: =0.01,  =0.001,  =, i.e.=0.99,=0.999, =0.99999
Proposal 3: Do not support multiplexing of short PUCCHs in same resource(s) for URLLC UEs.

References
[1] [bookmark: _Ref427157992]3GPP TSG RAN WG1 Meeting RAN1#88bis, Chairman’s Note. 
[2] 3GPP TR 38.913, Study on Scenarios and Requirements for Next Generation Access Technologies; Release 14.
[3] 3GPP RAN1 #88, R1-1701595 Analysis of URLLC reliability for HARQ, ZTE.
[4] 3GPP RAN1 NR-Ad hoc-2, R1-1710112 On short PUCCH for up to 2 bits UCI, ZTE.
Appendix
Table 1 Simulation parameters for link-level simulation 
	Parameter
	Value

	Carrier frequency
	4 GHz

	Subcarrier spacing 
	15Khz

	System bandwidth
	20 MHz

	Number of symbol
	1 symbol

	Number of PRB
	1 PRB

	Channel model
	TDL-C, Delay Spread(DS)= 300ns

	UE speed
	3km/h

	Antenna configuration
	1Tx(UE), 2 Rx(eNB)

	CP length
	Normal

	UCI bits 
	1,2

	Modulation mode
	Sequence selection

	Shortened PUCCH design
	As shown in [4].

	Channel estimation
	Practical channel estimation

	Performance metrics
	For HARQ-ACK: ACK missed detection probability (1%), NACK-to-ACK error probability (0.1%); DTX-to-ACK probability (1% or 0.1%).
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