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1   Background
During RAN4#AH1807 Montreal meeting, WF[1] about NR BS demodulation performance requirements was approved. The general work methods and scopes were outlined.

In this contribution, we would like to share our simulation results as per the WF[1].
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

	Propagation condition
	FR1: TDL-A 30ns 10Hz; RR2: AWGN

	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, 4, 1)

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

	DMRS pattern
	
	
	
	FR1:w and w/o additional DMRS

FR2: w/o additional DMRS

	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 for 14 symbols
10 for 4 symbols
	0

	Index of orthogo_2symnal 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%
	×
	[√]
	FFS for bits<=11
	×
	×

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


2.1   PUCCH format 0
2.1.1   FR1 10MHz/15kHz
The simulation results for PF0 UCI 1 bit with both 1 and 2 symbols:
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Figure 2.1-1: Simulation results for PUCCH format 0 with 1 symbol and 2 symbols under 10MHz/15kHz
2.1.2   FR1 40MHz/30kHz
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Figure 2.1-2: Simulation results for PUCCH format 0 with 1 symbol and 2 symbols under 40MHz/30kHz
2.1.3   FR2 100MHz/60kHz
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Figure 2.1-3: Simulation results for PUCCH format 0 with 1 symbol and 2 symbols under 100MHz/60kHz
2.1.4   FR2 100MHz/120kHz
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Figure 2.1-4: Simulation results for PUCCH format 0 with 1 symbol and 2 symbols under 100MHz/120kHz

Table 2.1-1: Summary of simulation results for PUCCH format 0

	(#Bits, #Symbols, #PRBs)
	CBW/SCS
	SNR@ Missed Ack probability < 1%

	Case 1: (1, 1, 1)
	10MHz/15kHz
	5.65

	
	40MHz/30kHz
	5.50

	
	100MHz/60kHz
	5.74

	
	100MHz/120kHz
	5.17

	Case 2: (1, 2, 1)
	10MHz/15kHz
	1.24

	
	40MHz/30kHz
	0.74

	
	100MHz/60kHz
	0.09

	
	100MHz/120kHz
	-0.0


2.2   PUCCH format 1

2.2.1   FR1 10MHz/15kHz and 40MHz/30kHz
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Figure 2.2-1: Simulation results for PUCCH format 1 with UCI 2bits and 14 symbols for FR1
2.2.2   FR2 100MHz/60kHz and 100MHz/120kHz
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Figure 2.2-1: Simulation results for PUCCH format 1 with UCI 2bits and 14 symbols for FR2
Table 2.2-1: Summary of simulation results for PUCCH format 1
	(#Bits, #Symbols, #PRBs)
	CBWSCS
	SNR@ Missed Ack probability < 1%
	SNR@ NACK2ACK < 0.1%

	Case: (2, 14, 1)
	10MHz/15kHz
	-5.67
	-4.85

	
	40MHz/30kHz
	-6.24
	-5.43

	
	100MHz/60kHz
	-7.26
	-6.10

	
	100MHz/120kHz
	-7.23
	-5.65


2.3   PUCCH format 2
2.3.1   FR1 10MHz/15kHz and 40MHz/30kHz
[image: image13.png]BLER

PF2:4bits,1 symbol,4 PRB,TDL-A,1x2

10MHZ/T5KHz
40MH2I30kHz

10

SNR(dB)

10



 [image: image14.png]BLER

PF2:22bits,2 symbol,9 PRB,TDL-A,1x2

100

10MHZ/T5KHz
40MH2I30kHz

10

SNR(dB)

10




Figure 2.3-1: Simulation results for PF2 with UCI 4 bits, 4PRBs and 1 symbol v.s. 2PRBs and 2 symbols for FR1
2.3.2   FR2 100MHz/60kHz and 100MHz/120kHz
Figure 2.3-2: Simulation results for PF2 with UCI 4 bits, 4PRBs and 1 symbol v.s. 2PRBs and 2 symbols for FR2
Table 2.3-1: Summary of simulation results for PUCCH format 2
	(#Bits, #Symbols, #PRBs)
	CBW/SCS
	SNR@1%BLER

	Case 1: (4, 1, 4)
	10MHz/15kHz
	0.11

	
	40MHz/30kHz
	-0.01

	Case 2: (22, 2, 9)
	10MHz/15kHz
	-0.94

	
	40MHz/30kHz
	-1.70

	
	100MHz/60kHz
	

	
	100MHz/120kHz
	


2.4   PUCCH format 3
2.4.1   FR1 10MHz/15kHz
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Figure 2.4-1: Simulation results for PF3 10MHz/15kHz with UCI 16 bits, 1PRB and 14 symbols v.s. 3PRBs and 4 symbols
2.4.2   FR1 40MHz/30kHz

[image: image16.png]100

PF3:40MHz/30kHz,16bits,14symbols,1PRB,TDL-A,1x2

w/addiional DMRS
wio additional DMRS

SNR(dB)

10




Figure 2.4-2: Simulation results for PF3 40MHz/30kHz with UCI 16 bits, 1PRB and 14 symbols v.s. 3PRBs and 4 symbols
2.4.3   FR2 100MHz/60kHz  and 100MHz/120kHz
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Figure 2.4-3: Simulation results for PF3 40MHz/30kHz with UCI 16 bits, 1PRB and 14 symbols v.s. 3PRBs and 4 symbols
Table 2.4-1: Summary of simulation results for PUCCH format 3
	(#Bits, #Symbols, #PRBs)
	CBW/SCS
	Additional DMRS
	SNR@1%BLER

	Case 1: (16, 4, 3)
	10MHz/15kHz
	w/o
	

	
	
	w
	

	
	40MHz/30kHz
	w/o
	

	
	
	w
	

	
	100MHz/60kHz
	w/o
	

	
	100MHz/120kHz
	w/o
	

	Case 2: (16, 14, 1)
	10MHz/15kHz
	w/o
	-1.16

	
	
	w
	-1.65

	
	40MHz/30kHz
	w/o
	-2.38

	
	
	w
	-1.89

	
	100MHz/60kHz
	w/o
	-2.35

	
	100MHz/120kHz
	w/o
	-2.63


2.5   PUCCH format 4

2.5.1   FR1 10MHz/15kHz and 40MHz/30kHz
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Figure 8: Simulation results for PF4 FR1 with UCI 22 bits, 1 PRB and 14 symbols
2.5.2   FR2 100MHz/60kHz and 100MHz/120kHz 
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Figure 9: Simulation results for PF4 FR2 with UCI 22 bits, 1 PRB and 14 symbols w/ and w/o additional DMRS
Summary of simulation results for PUCCH format 4:

	(#Bits, #Symbols, #PRBs)
	BW/SCS
	Additional DMRS
	SNR@1%BLER

	Case 1: (22, 14, 1)
	10MHz/15kHz
	w/o
	2.07

	
	
	w
	1.80

	
	40MHz/30kHz
	w/o
	1.58

	
	
	w
	1.35

	
	100MHz/60kHz
	w/o
	-5.19

	
	100MHz/120kHz
	w/o
	-5.19


Observation 2: For PUCCH format 4, almost the same performance for FR2 with the same bandwidth 100MHz but different subcarrier spacing 60kHz and 120kHz.
3   Proposals
In this contribution, as per the agreed WF[1], we give our simulation results for alignments, and give our observations are:

Observation 1: For PUCCH format 3, case 2 with 14 symbol length, there is only about 0.5dB performance gain with additional DMRS.
Observation 2: For PUCCH format 4, almost the same performance for FR2 with the same bandwidth 100MHz but different subcarrier spacing 60kHz and 120kHz.
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