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1 Introduction
The following agreement is achieved based on email discussion [91-LTE-09] [1] in the reflector. 
Agreements:
The following Q-values (5th percentile SINR) is adopted for URLLC for LTE:
	 
	Q [dB]

	DL SINR
	-2.6

	PUSCH
	TBD

	Subframe-PUCCH
	-4.1

	Slot-PUCCH
	-2.8

	Subslot-PUCCH
	-1.7


In this contribution, we first present some link-level simulation results for PUCCH. Based on the evaluation, some candidate techniques are also discussed.  
2 Link-level evaluation on PUCCH 
In this section, the link-level assumptions used are listed in Appendix 1, which is based on the agreements achieved in the email discussion [91-LTE-7] [2]. 

· Evaluation on 2-OS PUCCH with antenna configuration 1Tx-2Rx
In Table 1, the required SNR of 2-OS PUCCH for 1-bit UCI with antenna configuration 1Tx-2Rx is given. Given the ACK missed error only causes unnecessary retransmission, only {NACK to ACK} error probability impacts on the overall reliability. For TDL-C and TDL-E channels, it can be observed that the {NACK to ACK} error probability of 30 km/h is slightly worse than that of 3 km/h. 
For the reliability of 99.999%, the required SNR of {NACK to ACK} is ~4.4dB and ~0 dB for TDL-C and TDL-E channels, respectively. Given the Q-value for subslot sPUCCH is -1.7dB, about 6.1 dB enhancement is required for 2-OS sPUCCH if the reliability in all scenarios is fulfilled.  

For the reliability of 99.99%, it can only be fulfilled in TDL-E channel, while about 3.2 dB enhancement is required for TDL-C channel. 
Table 1. Required SNR of 2-OS PUCCH for 1-bit UCI with antenna configuration 1Tx-2Rx 

	Channel 
	Speed 
	Working Point (Es/N0 in dB)

	
	
	BLER=10-4
	BLER=10-5

	
	
	 ACK missed
	NACK to ACK
	 ACK missed
	NACK to ACK

	TDL-E
	3 km/h
	0.4 dB
	-2.3 dB
	>2dB
	-0.2 dB

	
	30 km/h
	>0dB
	-2.3 dB
	>2dB
	0 dB

	TDL-C
	3 km/h
	>6dB
	1 dB
	>6dB
	4 dB

	
	30 km/h
	>6dB
	1.5 dB
	>6dB
	4.4 dB


The detailed simulation results for 2-OS PUCCH for 1-bit UCI with antenna configuration 1Tx-2Rx is given in Figure 1(a) and Figure 1(b). 
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Figure 1(a) 2-OS PUCCH with 1-bit in TDL-C model     Figure 1(b) 2-OS PUCCH with 1-bit in TDL-E model  
Observation 1: For 2-OS PUCCH with 1-bit UCI in both TDL-C and TDL-E channels, the performance of 30 km/h is slightly worse than that of 3 km/h. 
Observation 2: For 2-OS PUCCH with 1-bit UCI, the performance of NACK to ACK in TDL-E channel is about 3~4dB better than the performance in TDL-C channel. 
Observation 3: For 2-OS PUCCH with 1-bit UCI and antenna configuration 1Tx-2Rx, about 6.1 dB enhancement is required to meet the 99.999% reliability for NACK to ACK. 

Observation 4: For 2-OS PUCCH with 1-bit UCI and antenna configuration 1Tx-2Rx, about 3.2 dB enhancement is required to meet the 99.99% reliability for NACK to ACK. 
· Evaluation on 2-OS PUCCH with antenna configuration 1Tx-4Rx
In Table 2, the required SNR of 2-OS PUCCH for 1-bit UCI with antenna configuration 1Tx-4Rx is given. The detailed simulation results is shown in Figure 2(a) and Figure 2(b). 
Table 2. Required SNR of 2-OS PUCCH for 1/2-bit UCI with antenna configuration 1Tx-4Rx

	Bit number 
	Channel model 
	Working Point (Es/N0 in dB)

	
	
	BLER=10-4
	BLER=10-5

	
	
	 ACK missed
	NACK to ACK
	 ACK missed
	NACK to ACK

	1-bit 
	TDL-E
	>-3.1 dB
	-5.3 dB
	-2 dB
	-4 dB

	
	TDL-C
	>0 dB
	-3 dB
	>0dB
	-0.9 dB

	2-bit
	TDL-C
	>0 dB
	-2.5 dB
	>0dB
	-0.2 dB
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Figure 2(a) 2-OS PUCCH with 1-bit in TDL-C model     Figure 2(b) 2-OS PUCCH with 1-bit in TDL-E model
It can be observed that, the 99.99% reliability of NACK to ACK can be fulfilled by increasing the receiver antenna to 4, while still about 0.8dB and 1.5dB enhancement is needed for 1bit and 2bits respectively.  
Observation 5: For 2-OS PUCCH with 1-bit UCI and antenna configuration 1Tx-4Rx, the 99.99% reliability of NACK to ACK can be reached. 
Observation 6: For 2-OS PUCCH with 1/2-bit UCI and antenna configuration 1Tx-4Rx, about 0.8 dB and 1.5 dB enhancement is required to meet the 99.999% reliability for NACK to ACK. 
· Evaluation on 7-OS PUCCH with antenna configuration 1Tx-2Rx
In Figure 2, the required SNR of 7-OS PUCCH for 1-bit UCI with antenna configuration 1Tx-4Rx is given. It is expected that the NACK to ACK performance can reach to 99.999% reliability at Q-value of -2.8 dB. 
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Figure 3 7-OS PUCCH with 1-bit UCI in TDL-C model
Observation 7: For 7-OS PUCCH with 1-bit UCI and antenna configuration 1Tx-2Rx, the 99.999% reliability of NACK to ACK can be reached. 
3 PUCCH related techniques 
Some candidate solutions for PUCCH are discussed below. 
Multiple Receive Antenna
As shown in our simulation results, multiple antenna reception is the simplest way to improve the link level performance. Maybe 4 Rx should be a baseline for URLLC UL transmission. Since the Rx antenna is at the eNB side for PUSCH, 4 Rx antenna may not be an issue. And this has no impact on the specification.
Proposal 1: For PUCCH transmission, antenna configuration of 1Tx-4Rx should be a baseline. 
PUCCH repetition
PUCCH repetition is one simple way to improve the reliability for physical channels. For 2-OS PUCCH with sequence based design, it can obtain about 3dB gain by doubling the transmission times.  Considering low latency requirement, a small number of repetition times, e.g. 2 repetitions, can be considered.  
If PUCCH repetition is supported, no frequency hopping within a 2/3-OS sTTI shall be supported to enable the joint detection in each hop. 
Proposal 2: PUCCH repetition should be supported for LTE URLLC. For 2/3-OS PUCCH with 1/2 bits UCI, no intra-sTTI frequency hopping shall be supported for PUCCH repetition. 
Multi-level NACK feedback
For 2/3-OS sPUCCH format 1a/1b in short TTI, each sPUCCH resource group contains 4 sPUCCH resources no matter for 1bit UCI or 2bits UCI. For LTE URLLC, it is expected only 1-bit HARQ-ACK is sufficient for most cases. Thus, there are two sPUCCH resources are left. One way to fully make use of these left resources is to support a multi-level NACK feedback mechanism, which can be regarded as a fast CSI feedback. This could be considered as a supplement to CSI feedback. For instance, define a three-level NACK feedback scheme, each level corresponds to one suggested CQI value/range. This can enable a faster CSI report.
Proposal 3: A multi-level NACK feedback mechanism, wherein each level corresponds to one suggested CQI value/range, can be considered for LTE URLLC. 
4 Conclusion

This contribution provides the following observations and proposal: 
Observation 1: For 2-OS PUCCH with 1-bit UCI in both TDL-C and TDL-E channels, the performance of 30 km/h is slightly worse than that of 3 km/h. 

Observation 2: For 2-OS PUCCH with 1-bit UCI, the performance of NACK to ACK in TDL-E channel is about 3~4dB better than the performance in TDL-C channel. 
Observation 3: For 2-OS PUCCH with 1-bit UCI and antenna configuration 1Tx-2Rx, about 6.1 dB enhancement is required to meet the 99.999% reliability for NACK to ACK. 

Observation 4: For 2-OS PUCCH with 1-bit UCI and antenna configuration 1Tx-2Rx, about 3.2 dB enhancement is required to meet the 99.99% reliability for NACK to ACK. 
Observation 5: For 2-OS PUCCH with 1-bit UCI and antenna configuration 1Tx-4Rx, the 99.99% reliability of NACK to ACK can be reached. 
Observation 6: For 2-OS PUCCH with 1/2-bit UCI and antenna configuration 1Tx-4Rx, about 0.8 dB and 1.5 dB enhancement is required to meet the 99.999% reliability for NACK to ACK. 
Observation 7: For 7-OS PUCCH with 1-bit UCI and antenna configuration 1Tx-2Rx, the 99.999% reliability of NACK to ACK can be reached. 
Proposal 1: For PUCCH transmission, antenna configuration of 1Tx-4Rx should be a baseline. 
Proposal 2: PUCCH repetition should be supported for LTE URLLC. For 2/3-OS PUCCH with 1/2 bits UCI, no intra-sTTI frequency hopping shall be supported for PUCCH repetition. 

Proposal 3: A multi-level NACK feedback mechanism, wherein each level corresponds to one suggested CQI value/range, can be considered for LTE URLLC. 
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Appendix: Simulation assumptions 
	Parameter
	Value

	Carrier frequency
	700 MHz 

	System bandwidth
	20 MHz 

	Sub-carrier spacing
	15kHz

	TTI length
	2, 7 (DRD|DRRD)

	Channel model 
	TDL-C 363ns, TDL-E 93ns. 

	UE speed 
	3km/h, 30km/h

	Antenna configuration
	1Tx(UE), 2/4 Rx(eNB)

	CP length
	Normal

	Channel estimation
	Practical  

	Number of HARQ-ACK
	1/2 bits

	CRC length
	8

	Channel design 
	Sequence-based or BPSK modulation 

	Number of UEs
	1 UE 

	Performance metrics
	 DTX threshold is used.  
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