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1. Introduction

At RAN4#87 a way forward on NR PUCCH demodulation performance was agreed, see [1]. The initial proposal to define the PUCCH NR BS demodulation performance requirements was presented in [2]. This contribution provides the simulations assumptions for the PUCCH NR BS demodulation performance requirements in Rel-15 for PUCCH formats 0, 1, 2 and 3, see [3], [4] and [5] for more details.
2. Discussion

The applicability for each format is based on BS declaration. The modulation is QPSK for all formats (the modulation π/2-BPSK for Formats3 & 4 is for further study). The multi-slot PUCCH is also for further study. The intra slot frequency hopping is enabled for all formats with the exception when 1 symbol duration is configured for format 0 or format 2 then the intra slot frequency hopping is disabled. The group and sequence hopping is disabled for all PUCCH formats.
The requirements of multiple user test cases with PUCCH format 4 is for further study and will be done after single user tests cases are completed. The simulations assumptions requirements for PUCCH format 0, 1, 2 and 3 are defined as following:
2.1. NR PUCCH format 0
The simulation assumption performance requirements parameters of format 0 are summarized in table 1 below.
	Format specific PUCCH performance requirements parameters
	Format 0


	Frequency Range
	FR 2

	Modulation Scheme
	QPSK

	UCI payload size
	1 bit

	PUCCH resource size 
	1 PRB

	PUCCH duration
	1 or 2 OFDM symbol

	Intra-slot frequency hopping
	Enabled for 2 OFDM symbol

	Test metric
	DTX to ACK, Missed ACK


Table 1 the PUCCH NR performance requirements parameters for format 0
2.2. NR PUCCH format 1
The simulation assumption performance requirements parameters of format 1 are summarized in table 2 below.

	Format specific PUCCH performance requirements parameters
	Format 1


	Frequency Range
	FR 1

	Modulation Scheme
	QPSK

	UCI payload size
	2 bits

	PUCCH duration
	14 OFDM symbol

	PUCCH resource size
	1 PRB

	Intra-slot frequency hopping
	Enabled

	Additional DMRS
	Disabled

	Test metric
	DTX to ACK, Missed ACK


Table 2 the PUCCH NR performance requirements parameters for format 1
2.3. NR PUCCH format 2
According to simulation assumption of format 2 in [1] with 4 bits UCI payload the maximum number of PRBs should not exceed 3, observe that with more than 3 PRBs and 4bits payload the code rate would be incompatible with the table 9.2.5.2-1 in [6]. For 8 PRBs the payload bits could be around 20 bits for example with carrier aggregation ACK/NACK, see table 3 below where all PUCCH NR format 2 parameters are listed. 
	Format specific PUCCH performance requirements parameters
	Format 2


	Frequency Range
	FR 2

	Modulation Scheme
	QPSK

	UCI payload size@ PUCCH resource size
	4 bits@3 PRBs or 20 bits@8 PRBs

	PUCCH duration
	 1 or 2 OFDM symbol



	Intra-slot frequency hopping
	Enabled for 2 OFDM symbol

	Additional DMRS
	Disabled

	Test metric
	DTX to ACK, Missed ACK, CQI (BLER) vs. SNR


Table 3 the PUCCH NR performance requirements parameters for format 2
2.4. NR PUCCH format 3
The simulation assumption performance requirements parameters for PUCCH format 3 are listed in table 4 below. 
	Format specific PUCCH performance requirements parameters
	Format 3


	Frequency Range
	FR 1

	Modulation Scheme
	QPSK

	UCI payload size
	16 bits

	PUCCH duration
	14 OFDM symbol

	PUCCH resource size
	1 PRB

	Intra-slot frequency hopping
	Enabled

	Additional DMRS
	Enabled

	Test metric
	DTX to ACK, Missed ACK, CQI (BLER) vs. SNR


Table 4 the PUCCH NR performance requirements parameters for format 3
The test metric for formats 0 and 1 are DTX to ACK and Missed ACK, while for formats 2 and 3 are DTX to ACK, Missed ACK and CQI Block error rate (BLER) as a function of SNR, where the block error probability (BLER) is defined as the conditional probability of incorrectly decoding the CQI information when the CQI information is sent. The DTX to ACK probability for PUCCH scenarios denotes the probability that ACK is detected when nothing is sent on the wanted signal and the interfering signals are present. The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. The minimum requirement that the ACK missed detection probability shall not exceed a 1% at a given SNR
Table 5 below summarize the PUCCH NR performance requirements parameters for formats 0-3:
	PUCCH formats performance requirements parameters
	Format 0

	Format 1

	Format 2

	Format 3


	Frequency Range
	FR 2
	FR 1
	FR 2
	FR 1

	Modulation Scheme
	QPSK

	UCI payload size (bits)
	1
	2
	4 (or 20)
	16

	PUCCH (PRBs)
	1
	1
	3(or 8)
	1

	Additional DMRS
	Disabled
	Disabled
	Disabled
	Enabled

	PUCCH resource size

(OFDM symbol)
	1 or 2
	14
	1 or 2
	14 

	Intra-slot frequency hopping
	Enabled for 2 OFDM symbol
	Enabled
	Enabled for 2 OFDM symbol
	Enabled

	Test metric
	DTX to ACK
	yes
	yes
	yes
	yes

	
	Missed ACK
	yes
	yes
	yes
	yes

	
	CQI (BLER) vs. SNR
	-
	-
	yes
	yes


Table 5 the PUCCH NR performance requirements parameters for formats 0-3
3. Conclusion

Based on the discussion above the following table summarizing the PUCCH NR performance requirements parameters for formats 0-3 is proposed:
Proposal: The simulations PUCCH NR performance requirements parameters for formats 0-3 are listed in the table below 
	PUCCH formats performance requirements parameters
	Format 0

	Format 1

	Format 2

	Format 3


	Frequency Range
	FR 2
	FR 1
	FR 2
	FR 1

	Modulation Scheme
	QPSK

	UCI payload size (bits)
	1
	2
	4 (or 20)
	16

	PUCCH (PRBs)
	1
	1
	3(or 8)
	1

	Additional DMRS
	Disabled
	Disabled
	Disabled
	Enabled

	PUCCH resource size

(OFDM symbol)
	1 or 2
	14
	1 or 2
	14 

	Intra-slot frequency hopping
	Enabled for 2 OFDM symbol
	Enabled
	Enabled for 2 OFDM symbol
	Enabled

	Test metric
	DTX to ACK
	yes
	yes
	yes
	yes

	
	Missed ACK
	yes
	yes
	yes
	yes

	
	CQI (BLER) vs. SNR
	-
	-
	yes
	yes
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