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Introduction
One of the objectives of the work item on URLLC for LTE [1] is:
· Identify solutions to improve communication reliability under different latency constraints for connected mode UEs having a valid timing advance setting, considering that differences in selected high level techniques between NR and LTE should be justified.
At RAN1 #90bis meeting, the following agreements were reached on the reliability and latency requirements for URLLC in LTE [2]:
Agreement: URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1ms. Additional less stringent requirements can be considered.
Agreement: In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10ms.
Also, at RAN1 #90 meeting, the following agreements were reached on the 2/3 OS sPUCCH [3]:
Agreements:
The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.
· ACK/NACK information map to different sPUCCH resource
· NOTE: sPUCCH resource consist of RB index and cyclic shift
· The cyclic shifts on different sPUCCH symbols can be different due to cyclic shift randomization 
· Cyclic shift randomization is re-used from 1ms operation to support multiplexing with legacy PUCCH
· Only frequency hopping between sPUCCH symbol(s) is supported (no FH is not supported). 
· 1 RB allocation per symbol
· Hopping pattern for 3-OS sPUCCH (i.e., sTTI#0 and sTTI#5) is {1|2} where | is a hopping boundary.

[bookmark: _GoBack]In this contribution, we analysis the reliability aspects for 2/3 OS sPUCCH, and provide a mechanism to enhance the sPUCCH performance in terms of NACK-to-ACK errors to achieve the reliability requirements for URLLC in LTE. This is a re-submission of R1-1719583.
Discussion
HARQ based transmission is essential to achieve the strict reliability requirements for URLLC with efficient use of radio resources. For HARQ based DL transmission, the probability for successful DL transmission will depend on the reliability of the uplink control channel (PUCCH) that carries ACK/NACK feedback. Considering an HARQ based DL transmission with one retransmission, the probability () of successfully delivering a packet is given by
                   (1)
where  is the probability of successfully decoding the PDCCH,  is the probability of successfully decoding the PDSCH transmission without soft combining,  is the probability of successfully decoding the PDSCH transmission with soft combining.  (resp. ) are the probabilities of falsely detecting DTX (resp. NACK) as ACK at the gNB. As it can be seen in (1), the successful detection of uplink DTX and NACK at the gNB is essential for the reliability and latency of HARQ based DL transmission. Thus, the design of PUCCH should ensure very low impact of DTX-to-ACK and NACK-to-ACK errors. Missed ACK error (i.e. ACK-to-DTX) results in unnecessary retransmission, and it does not affect the reliability of the HARQ based DL transmission. However, missed ACK errors need to be kept low to preserve the spectral efficiency. The missed ACK target defined in LTE (which is 10-2) can be considered sufficient to avoid many unnecessary retransmissions.
Comparing the contributions of the DTX-to-ACK and NACK-to-ACK errors, we can see that DTX-to-ACK errors can only occur when PDCCH detection fails, while the NACK-to-ACK errors occur when the PDSCH decoding fails. In LTE PDCCH BLER target is ~ 10-2 and PDSCH BLER target is ~ 10-1. For URLLC services, similar asymmetry between PDCCH BLER and PDSCH BLER can be expected with a PDCCH BLER target between 10-6 and 10-3 and a larger PDSCH BLER target potentially between 10-1 and 10-3. Therefore, we can expect that for URLLC the NACK-to-ACK to be more critical than the DTX-to-ACK errors. 
In this contribution, we focus on methods to enhance the PUCCH performance in terms of missed ACK and NACK-to-ACK errors. To achieve the target requirements defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1ms, NACK-to-ACK target should be in the range between 10-4 and 10-5 (depending the DTX-to-ACK target) [4]. For the analysis we consider a fixed DTX-to-ACK error probability of 10-2, a missed ACK target of 10-2 and a NACK-to-ACK target ≤10-4. Given the low latency requirements for URLLC, sPUCCH based on 2/3-symbol sTTI for up to 2-bit ACK/NACK can be considered the most relevant for URLLC scenario.
[bookmark: _Ref485369929]Missed ACK and NACK-to-ACK errors
Here we show the performance of sPUCCH with different number of receive antennas. Simulation parameters are provided in Table 2 in the appendix. Figure 1 shows the missed ACK and NACK-to-ACK errors with number of receive antennas 2 and 4. Increasing the number of receive antennas enhances the sPUCCH reliability.
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[bookmark: _Ref490126419]Figure 1: Missed ACK and NACK-to-ACK error rates for sPUCCH
Table 1 lists the required SNR for achieving a given sPUCCH reliability targets. It can be noticed that the required SNR for achieving the target NACK-to-ACK error rate is generally higher than the required SNR for achieving the target missed ACK rate. This gap gets even larger with lower NACK-to-ACK error rate target. In addition, the gap between the required SNRs for missed ACK and NACK-to-ACK is changing based on the system settings (here it is the number of receive antennas and the sPUCCH length).
[bookmark: _Ref490211982]Table 1: Required SNR (dB) for sPUCCH reliability targets
	
	2OS
			3OS

	
	nRx = 2
	nRx = 4
	nRx = 2
	nRx = 4

	Missed ACK (1%)
	0
	-3.86
	-2.53
	-5.77

	NACK-to-ACK (10-4)
	0.82
	-3.46
	-1.6
	-5.2

	NACK-to-ACK (10-5)
	4.1
	-1.6
	0.59
	-3.51



Observation 1: receive diversity is essential for enhancing the reliability of sPUCCH.
Observation 2: the required SNR for achieving the target NACK-to-ACK error rate is generally higher than the required SNR for achieving the target missed ACK rate.
Observation 3: the difference between the required SNR for achieving the target missed ACK and NACK-to-ACK error rates depends on the system setting (e.g. the number of receive antennas and the sPUCCH length).
Asymmetric NACK and ACK transmissions
One option to achieve the reliability targets (missed ACK and NACK-to-ACK errors) for sPUCCH is by transmitting the sPUCCH with higher power ( to achieve the stricter of the two targets. In addition to other system parameters, the sPUCCH power can be specified as follows

where  is the required transmission power to achieve the target missed ACK rate, and  is the required transmission power to achieve the target NACK-to-ACK error rate. Considering that ACK transmission are expected to happen more often compared to NACK transmission, this approach will lead to inefficient use of the transmission power. Another approach is to adjust the transmission power of sPUCCH based on the UCI content, i.e. depending on whether the ACK or NACK is being transmitted. The sPUCCH transmission power  will be based on  if there is an ACK to be transmitted, and based on  if there is a NACK to be transmitted. From the ACK/NACK perspectives, two sPUCCH transmission powers can be defined as:  is the sPUCCH power when there is an ACK to be transmitted,  is the sPUCCH power when there is a NACK to be transmitted. For two bits UCI, the  can be used when both bits are ACK, and  when at least one of the bits is NACK. Figure 2 shows the sPUCCH performance with different transmission powers for ACK and NACK. To achieve the NACK-to-ACK target of 10-4 (resp. 10-5) with nRx = 2, an sPUCCH power boost of 0.8 dB (resp. 3.8 dB) is required for the NACK transmission case.
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[bookmark: _Ref490213342]Figure 2: Missed ACK and NACK-to-ACK error rates for sPUCCH with asymmetrical transmission power (nRx=2)
The main advantage of using different power levels for ACK and NACK transmissions is that the average consumed power by the UE will be lower when compared to using the an equal power for ACK and NACK to achieve the targeted missed ACK and NACK-to-ACK performance. For example, assuming 10% NACK probability (as a worst case scenario) then using a  with 3dB boost compared to the  results in 0.4dB average Tx power increase only, this is to be compared with the 3dB average Tx power increase if both and  are boosted by 3dB. Adopting this solution will reduce the power consumption and the inter-cell interference as well.
Proposal 1: Support different sPUCCH transmission power level depending on whether ACK or NACK is transmitted.
Conclusion
In this contribution, we mainly discuss the reliability of sPUCCH used ACK/NACK feedback transmission, we have the following observations and proposal:
Observation 1: receive diversity is essential for enhancing the reliability of sPUCCH.
Observation 2: the required SNR for achieving the target NACK-to-ACK error rate is generally higher than the required SNR for achieving the target missed ACK rate.
Observation 3: the difference between the required SNR for achieving the target missed ACK and NACK-to-ACK error rates depends on the system setting (e.g. the number of receive antennas and the sPUCCH length).
Proposal 1: Support different sPUCCH transmission power level depending on whether ACK or NACK is transmitted.
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Appendix
[bookmark: _Ref490211503]Table 2: Simulation parameters for link-level simulation
	Parameter
	Value

	Carrier frequency
	4 GHz

	Bandwidth
	20 MHz

	Subcarrier Spacing
	15 kHz

	sPUCCH Format
	Based on 2/3-symbol sTTI for up to 2-bit ACK/NACK

	Antenna Configuration
	1Tx, and (2, 4) Rx antennas

	Channel
	TDL-C with 300ns RMS delay, @ 3 km/h

	Noise estimation
	Ideal

	Performance metrics	
	DTX-to-ACK probability of 0.01
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