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[bookmark: _GoBack]Introduction
In this contribution, we discuss the impact of tighter PUCCH requirements with DTX detection. The requirements are considered both for the conventional receiver and advanced receivers.  Both Rel-15/16 PUCCH format 3 and DMRS-less PUCCH transmission are investigated.  
Discussion
[bookmark: _Hlk56170080]To have tighter requirement on PUCCH performance, DTX and error detection can be included. For UCI bits ≤11 there are no CRC bits; instead an error detection check is done. The error detection check compares a threshold with the decision metric of the codeword to decide if it is a valid codeword or ACK bit. The threshold is selected based on the requirement. In addition to the 1% BLER performance metric agreed in RAN1 101e, the following performance metrics from a working assumption agreed in RAN1#103-e are considered:    
· For UCI with HARQ-ACK payload (with or without CSI/SR payload), the performance metric for HARQ-ACK is 1% DTX to ACK error rate, 1% ACK miss detection (including ACK to NACK and ACK to DTX) error rate, and 0.1% NACK to ACK error rate. 
· For UCI with HARQ-ACK and CSI/SR payload, the performance metric for CSI/SR is 1% false alarm rate, 1% BLER [or 10% BLER], 5% undetectable error rate for <=11 bits, and 2% undetectable error rate for >11 bits 

The undetectable error rate is defined as the # instances that a UCI payload is declared as correct when the UCI payload is in error / Total # instances that UCI payloads are in error, where a UCI payload is declared as correct if it passes the error detection check. The false alarm rate is the probability that DTX is detected as a correct payload. 
Figure 1, shows the DTX and error detection performance for 2 different payload size: 1) 3 UCI bits where all bits are HARQ ACK/NACK bits and 2) 11 UCI with bits with CSI split part 1: 4 ACK/NACK bits, 5 CSI bits, part 2: 2 CSI bits. The leftmost plot shows the results with DTX detection, while the rightmost shows results where a DTX threshold is not used and from which the 1% BLER results are reported. A conventional receiver with 4 DMRS symbol is used for both payload sizes. The setup of the link level simulation is provided in Table 1 in the Appendx. The required SNR for the different setups is summarized in Table 1 below. 
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Figure 1. DTX performance of conventional PUCCH receiver, 3 UCI bits all ACK/NACK bits and 11 UCI bits with CSI split part 1: 4 ACK/NACK bits & 5 CSI bits, part 2: 2 CSI bits


 Table 1: Required SNR Conventional PUCCH Receiver
	
	
	3bits 3HARQ A/N
	11bits 4 HARQ A/N, 5 CSI1 & 2 CSI2

	1%BLER
	
	-7.6dB
	-1.8dB

	HARQ ACK req.
	
	-5.9dB
	-1.1dB

	1%BLER &DTX req.
	
	-5.6dB
	-1.4dB

	1%BLER & DTX+Undetect.Error 
	
	-5.6dB
	0.0dB




Observations:
· For the 3 bits setup and conventional receiver, the NACK to ACK (N->A) error has 0.3 dB looser SNR requirement than that with DTX errors, and so DTX detection is more important to the performance of Rel-15 PF3 in these conditions than N->A error
· For the 3 bits setup and conventional receiver, DTX detection with N->A error increases required SINR by 1.7 dB in these conditions, and so has a notable impact on PF3 coverage. 
· For the 11 bits setup and conventional receiver, N->A error has 0.5 dB tighter SNR requirement than DTX, and so does not seem critical to the performance of Rel-15 PF3 in these conditions
· For the 11 bits setup and conventional receiver, DTX detection with N->A error increases required SINR by 0.8 dB in these conditions, and so has a modest impact on PF3 coverage.
· For the 11 bits setup and conventional receiver, the undetectable error rate increases the SINR by 1.8dB in these conditions, and so has a notable impact on PF3 coverage if used. 

Figures 2 and 3 compare Gold sequence based transmission and Rel-15/16 PUCCH format 3, both using non-coherent (correlator based) ML receivers with Rel-15/16 PUCCH format 3 using the conventional receiver.  Further discussion of the Gold sequence based DMRS-less design, the receivers, and the relative behaviors of DMRS-less and Rel-15/16 PUCCH format 3 can be found in [1]. The leftmost plots in the figures show the results with DTX detection, while the rightmost show results where a DTX threshold is not used and from which the 1% BLER results are reported. The Rel-15/16 PUCCH format 3 uses 2 DMRS symbols for the non-coherent ML receiver and 4 DMRS for the conventional receiver. The setup of the link level simulation is provided in Table 1 of Appendix 1. In Figure 2 the payload is 3 UCI bits all all HARQ ACK/NACK bits and in Figure 3 the payload is 11 UCI bits, 4 HARQ ACK/NACK bits and with no CSI split. The resulting SNR requirements are summarized in Table 2.
[image: ][image: ]
Figure 2. Performance of advanced receiver for PUCCH,3 UCI bits, all HARQ ACK/NACK bits
[image: ][image: ]
Figure 3. Performance of advanced receiver for PUCCH,11 UCI bits, 4 HARQ ACK/NACK bits

 Table 2: Required SNR advanced and conventional PUCCH Receiver
	
	
	PF3, 3bits 3HARQ A/N
	Gold seq., 3bits 3HARQ A/N
	PF3, 3bits 3HARQ A/N, Conv. Rx.
	PF3, 11bits 4 HARQ A/N No CSI split
	Gold seq., 11bits 4 HARQ A/N No CSI split
	PF3, 11bits 4 HARQ A/N No CSI split, Conv. Rx.

	1%BLER
	
	-8.5dB
	-8.6dB
	-6.8dB
	-5.2dB
	-5.2dB
	-3.1dB

	HARQ ACK req.
	
	-6.4dB
	-6.4dB
	-5.1dB
	-4.3dB
	-4.3dB
	-2.4dB

	1%BLER &DTX req.
	
	-6.0dB
	-6.0dB
	-4.7dB
	-4.1dB
	-4.1dB
	-2.6dB

	1%BLER & DTX+Undetect.Error 
	
	-6.0dB
	-6.0dB
	-4.6dB
	-4.1dB
	-4.1dB
	-1.5dB



Observations:
· The use of an advanced receiver for Rel-15/16 PUCCH format 3 provides roughly and 1.5 dB and 2-2.5 dB for 3 bits HARQ-ACK and 11 bits CSI with 4 bits HARQ-ACK, respectively, varying slightly in the 11 bits case according to the use of DTX and the error metrics used.
· Gold based and Rel-15/16 PF3 perform equivalently (within 0.1 dB in all cases studied here) in the presence of DTX detection and N->A error requirements.
· For the advanced receiver setups, N->A error has 0.2-0.4 dB looser SNR requirement than DTX 
· For the advanced receiver setups, DTX detection with N->A error increases required SINR by 1.1-2.5 dB in these conditions

Summary
In this contribution, for PUCCH DTX detection the following observations are identified.
Observations: 
· For the 3 bits setup and conventional receiver, the NACK to ACK (N->A)error has 0.3 dB looser SNR requirement than that with DTX errors, and so DTX detection is more important to the performance of Rel-15 PF3 in these conditions than N->A error
· For the 3 bits setup and conventional receiver, DTX detection with N->A error increases required SINR by 1.7 dB in these conditions, and so has a notable impact on PF3 coverage. 
· For the 11 bits setup and conventional receiver, N->A error has 0.5 dB tighter SNR requirement than DTX, and so does not seem critical to the performance of Rel-15 PF3 in these conditions
· For the 11 bits setup and conventional receiver, DTX detection with N->A error increases required SINR by 0.8 dB in these conditions, and so has a modest impact on PF3 coverage.
· For the 11 bits setup and conventional receiver, the undetectable error rate increases the SINR by 1.8dB in these conditions, and so has a notable impact on PF3 coverage if used. 
· The use of an advanced receiver for Rel-15/16 PUCCH format 3 provides roughly and 1.5 dB and 2-2.5 dB for 3 bits HARQ-ACK and 11 bits CSI with 4 bits HARQ-ACK, respectively, varying slightly in the 11 bits case according to the use of DTX and the error metrics used.
· Gold based and Rel-15/16 PF3 perform equivalently (within 0.1 dB in all cases studied here) in the presence of DTX detection and N->A error requirements.
· For the advanced receiver setups, N->A error has 0.2-0.4 dB looser SNR requirement than DTX 
· For the advanced receiver setups, DTX detection with N->A error increases required SINR by 1.1-2.5 dB in these conditions

Proposal:
· RAN1 concludes that there is no link performance gain from DMRS-less PUCCH enhancements studied in Rel-17 for NR coverage enhancement.
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Table 1: Basic setup of LLS for DMRS-less transmission on PUCCH
	System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· 2*10 MHz BWP (2*52 PRBs)

	UE speed
	· 3kph

	Payload
	· 3 or 11 bits on 1 PRB, 14 Symbols

	Channel
	· TDL-C (NLoS), 30, 300ns delay spread, medium correlation

	Antennas
	· 1T2R

	Frequency hopping
	· Enabled

	Channel Estimation
	· Practical

	Interference Estimation
	· Practical
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