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1   Background
During RAN4#90 meeting, WF[1] about NR PUCCH demodulation performance requirements was approved. With some open issues are finalized and channel models are agreed, further simulations are needed for alignments and final performance requirements definitions.
In RAN4#90bis meeting, many companies provided their simulation results for alignment, but the gaps between many results were unacceptable. So in RAN4#91 meeting, more new results are added and the differences are getting smaller.  
In this contribution, we would like to supplement a few results of test cases that have left blank in the summary of all simulation results: R4-1905322 and try to narrow the gaps between different companies. 
2   Discussion
As per the approved WF[1], the simulation cases can be summarized as below:
Table 2-1: Test parameters for all PUCCH formats initial simulation alignments
	Parameters
	PUCCH Format 0
	PUCCH Format 1
	PUCCH Format 2
	PUCCH Format 3
	PUCCH Format 4

	BandWidth/SCS
	FR1: 10MHz/15kHz; 40MHz/30kHz; FR2: 100MHz/60kHz; 100MHz/120kHz

	Antenna
	1T2R, 1T4R and 1T8R for FR1; 1T2R for FR2

	Propagation condition
	FR1: : TDLC300-100; FR2: TDLA30-300

	Carrier frequency (GHz)
	FR1: 4GHz; FR2: 30GHz

	(#Bits, #Symbols, #PRBs)
	(1, 1, 1) 

(1, 2, 1)
	(2, 14,1)
	(4, 1, 4)

(22, 2, 9)
	(16, 14, 1)

(16, 4, 3)
	(22, 14, 1)

	DMRS pattern
	
	
	
	FR1 and FR2: 

· Without additional DMRS for all cases 
· With additional DMRS for cases with the number of OFDM symbols more than 9

	Modulaiton
	
	
	QPSK
	QPSK
	QPSK

	initialCyclicShift
	0
	0
	
	
	

	StartingSymbolIndex
	13 for 1 symbol; 12 for 2 symbols;
	0
	13 for 1 symbol; 12 for 2 symbols;
	0
	0

	Index of orthogonal sequence (time-domain-OCC)
	
	0
	
	
	

	occ-Length
	
	
	
	
	n2

	occ-Index
	
	
	
	
	n0

	Test metric
	DTX to Ack probability <1%
	√
	√
	√ for bits <=11
	×
	×

	
	Missed Ack probability < 1%
	√
	√ 
	√
	×
	×

	
	NACK2ACK < 0.1%
	×
	√
	×
	×
	×

	
	BLER < 1%
	×
	×
	√ for bits >11
	√
	√


2.1   PUCCH format 0
In this section, we provide some of our simulation results that are missing for final alignment.  Firstly considering the PUCCH format 0:
Table 2.1-1: Summary of simulation results for PUCCH format 0 with 1T8R
	(#Bits, #Symbols, #PRBs)
	CBW/SCS
	SNR@ Missed Ack probability of 1%

	Case 1: (1, 1, 1)
	10MHz/15kHz
	-5.4

	
	40MHz/30kHz
	-5.46

	Case 2: (1, 2, 1)
	10MHz/15kHz
	-8.1

	
	40MHz/30kHz
	-8.1


2.2   PUCCH format 1

Here comes the missing results for PUCCH format 1:
Table 2.2-1: Summary of simulation results for PUCCH format 1 with 1T2R
	(#Bits, #Symbols, #PRBs)
	CBWSCS
	SNR@ Missed Ack probability < 1%
	SNR@ NACK2ACK < 0.1%

	Case: (2, 14, 1)
	10MHz/15kHz
	-7.10
	-6.40

	
	40MHz/30kHz
	-6.66
	-5.60


Table 2.2-1: Summary of simulation results for PUCCH format 1 with 1T4R

	(#Bits, #Symbols, #PRBs)
	CBWSCS
	SNR@ Missed Ack probability < 1%
	SNR@ NACK2ACK < 0.1%

	Case: (2, 14, 1)
	10MHz/15kHz
	-10.95
	-10.01

	
	40MHz/30kHz
	-10.81
	-9.98


Table 2.2-1: Summary of simulation results for PUCCH format 1 with 1T8R

	(#Bits, #Symbols, #PRBs)
	CBWSCS
	SNR@ Missed Ack probability < 1%
	SNR@ NACK2ACK < 0.1%

	Case: (2, 14, 1)
	10MHz/15kHz
	-14.30
	-13.6

	
	40MHz/30kHz
	-13.85
	-12.71


2.3   PUCCH format 2

In this part, we shows the missing simulation results for PUCCH format 2 with requirements of probability of ACK miss < 1%.
Table 2.3-1 Summary of simulation results for PUCCH format 2 with different ANT configuration
	(#Bits, #Symbols, #PRBs)
	CBWSCS
	ANT
	SNR(dB)@ Missed Ack probability < 1%

	Case: (4, 1, 4)
	10MHz/15kHz
	1x2
	3.86

	
	
	1x4
	-1.65

	
	
	1x8
	-5.48

	
	40MHz/30kHz
	1x2
	4.28

	
	
	1x4
	-1.69

	
	
	1x8
	-5.44

	
	5MHz/15kHz
	1x2
	3.95

	
	
	1x4
	-1.58

	
	
	1x8
	-5.35

	
	20MHz/15kHz
	1x2
	3.71

	
	
	1x4
	-1.88

	
	
	1x8
	-5.42

	
	10MHz/30kHz
	1x2
	4.26

	
	
	1x4
	-1.48

	
	
	1x8
	-5.42

	
	20MHz/30kHz
	1x2
	4.35

	
	
	1x4
	-1.75

	
	
	1x8
	-5.36

	
	100MHz/30kHz
	1x2
	4.58

	
	
	1x4
	-1.42

	
	
	1x8
	-5.36


The simulation results above strictly meet the requirements of probability of false alarm < 1%.
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Figure 2.3-1 Format 2 test
3   Proposals
In this contribution, as per the agreed WF[1], we share our missing simulation results for alignments.
4   Reference
[1] R4-1902440 Way forward on NR PUCCH demodulation performance in Rel-15, Huawei
