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1. Introduction

Past RAN4 meetings ongoing discussions relating to alignment of simulation assumptions were discussed. The basis of the all simulations herein are using [1] as agreed. 
2. Simulation
2.1 Simulation assumptions

The following simulation results are completed using the following agreed simulation parameters.  The simulation assumptions uses [1] as a basis for alignment.
	Bandwidth/SCS
	FR1: 5MHz, 10MHz, 20 MHz/15kHz; 10MHz, 20MHz, 40MHz100MHz/30kHz; 
FR2: 50MHz, 100MHz/60kHz; 50MHz, 100MHz, 200MHz/120kHz

	Antenna
	1T2R

	Propagation condition
	FR1: TDL-C 300ns 100Hz; FR2: TDL-A 30 ns 300 Hz

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


	Parameters
	PUCCH Format 0
	PUCCH Format 1
	PUCCH Format 2
	PUCCH Format 3
	PUCCH Format 4

	(#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:
· Without additional DMRS for all cases

· With additional DMRS for cases with the number of OFDM symbols more than 9

FR2: Without 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
	0

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

	occ-Length
	
	
	
	
	n2

	occ-Index
	
	
	
	
	n0

	Test metric
	DTX to Ack probability <1%
	Applicable
	Applicable
	Applicable for bits <= 11
	Not applicable
	Not applicable

	
	Missed Ack probability < 1%
	Applicable
	Applicable
	Applicable
	Not applicable
	Not applicable

	
	NACK2ACK < 0.1%
	Not applicable
	Applicable
	Applicable / Not applicable
	Not applicable
	Not applicable

	
	BLER < 1%
	Not applicable
	Not applicable
	Applicable for bits > 11
	Applicable
	Applicable


2.2 Ideal simulation results for FR1 and FR2
Table 1. Ideal simulation results for PUCCH format 0, format 1, format 2, format 3 and format 4 for FR1.
	FR1

	PUCCH format
	F0
	F1
	F2
	F3
	F4

	SNR [dB] @ the test metric under test with 

(#Bits, #Symbols, #PRBs)
	SNR [dB] @ Missed ACK with 1% probability


	SNR [dB] @ Missed ACK with 1% probability
	SNR [dB] @ NACK2ACK with 0.1% probability


	SNR [dB] @ Missed ACK with 1% probability
	SNR [dB] @ NACK2ACK with 0.1% probability


	SNR [dB] @ 1% BLER
(22, 2, 9)
	SNR [dB] @ 1% BLER


	SNR [dB] @ 1% BLER

(22, 14, 1)

	
	(1, 1, 1)
	(1, 2, 1)
	(2, 14,1)
	(4, 1, 4)
	
	(16, 14, 1)
	(16, 4, 3)
	

	SC = 15 kHz

	5 MHz
	
	
	-6,5
	-8,3
	
	
	
	
	
	

	10 MHz
	
	
	-5,9
	-7,4
	
	
	
	
	
	

	20 MHz
	
	
	-6,5
	-8,1
	4.75
	< -10
	0.1
	
	
	

	SC = 30 kHz

	10 MHz
	8.8
	4.4
	-5,5
	-7,2
	
	
	
	
	
	

	20 MHz
	9.0
	3.7
	-6,4
	-7,7
	
	
	
	
	
	

	40 MHz
	9.2
	4.8
	-5,5
	-7,1
	
	
	
	
	
	

	100 MHz
	7.1
	1.4
	-5,8
	-7,5
	3.51
	< -10
	-1.04
	
	
	


Table 2. Ideal simulation results for PUCCH format 0, format 1, format 2, format 3 and format 4 for FR2.

	FR2

	PUCCH format
	F0
	F1
	F2
	F3
	F4

	SNR [dB] @ the test metric under test with 

(#Bits, #Symbols, #PRBs)
	SNR [dB] @ Missed ACK with 1% probability


	SNR [dB] @ Missed ACK with 1% probability
	SNR [dB] @ NACK2ACK with 0.1% probability


	SNR [dB] @ Missed ACK with 1% probability
	SNR [dB] @ NACK2ACK with 0.1% probability


	SNR [dB] @ 1% BLER
(22, 2, 9)
	SNR [dB] @ 1% BLER


	SNR [dB] @ 1% BLER

(22, 14, 1)

	
	(1, 1, 1)
	(1, 2, 1)
	(2, 14,1)
	(4, 1, 4)
	
	(16, 14, 1)
	(16, 4, 3)
	

	SC = 60 kHz

	50 MHz
	
	
	-5,5
	-7,3
	
	
	
	
	
	

	100 MHz
	
	
	-5,7
	-7,2
	5.45
	< -10
	0.97
	
	
	

	SC S= 120 kHz

	50 MHz
	
	
	-5,7
	-7,2
	
	
	
	
	
	

	100 MHz
	9.3
	4.4
	-5,5
	-7,0
	4.5
	< -10
	-0.28
	
	
	

	200 MHz
	
	
	-6,5
	-7,9
	
	
	
	
	
	


2.3 Simulation results with impairments for FR1
Table 3. Simulation results with impairments for PUCCH format 0, format 1, format 2, format 3 and format 4 for FR1.
	FR1

	PUCCH format
	F0
	F1
	F2
	F3
	F4

	SNR [dB] @ the test metric under test with 

(#Bits, #Symbols, #PRBs)
	SNR [dB] @ Missed ACK with 1% probability


	SNR [dB] @ Missed ACK with 1% probability
	SNR [dB] @ NACK2ACK with 0.1% probability


	SNR [dB] @ Missed ACK with 1% probability
	SNR [dB] @ NACK2ACK with 0.1% probability


	SNR [dB] @ 1% BLER
(22, 2, 9)
	SNR [dB] @ 1% BLER


	SNR [dB] @ 1% BLER

(22, 14, 1)

	
	(1, 1, 1)
	(1, 2, 1)
	(2, 14,1)
	(4, 1, 4)
	
	(16, 14, 1)
	(16, 4, 3)
	

	SCS = 15 kHz

	5 MHz
	
	
	-4,5
	-6,1
	
	
	
	
	
	

	10 MHz
	
	
	-3,7
	-5,0
	
	
	
	
	
	

	20 MHz
	
	
	-4,5
	-5,7
	7,0
	<-10
	2,2
	
	
	

	SCS = 30 kHz

	10 MHz
	11,2
	6,7
	-3,1
	-4,9
	
	
	
	
	
	

	20 MHz
	11,3
	5,8
	-4,3
	-4,9
	
	
	
	
	
	

	40 MHz
	11,3
	7,1
	-3,2
	-4,7
	
	
	
	
	
	

	100 MHz
	9,5
	3,4
	-3,6
	-5
	5,7
	<-10
	1,2
	
	
	


2.4 Remaining open issue on phase noise impact

Simulation assumptions and open issues relating to FR2 are discussed in a companion paper [2] and as the impact of these impairments (such as phase noise) have not been agreed no values can be properly provided for FR2.  To ensure accurate performance requirements and good test coverage, the full impact of all impairments should be included in the simulations.
3. Conclusion

In this contribution, FR1 and FR2 simulation results based on ideal conditions are presented for PUCCH format 0, 1, 2, 3, and 4. Simulation results with impairments are only considered for FR1.
Open issues such as phase noise is still remaining and have not been considered in the simulation results but will be needed for final step to define the requirements on NR PUCCH for FR2. Detailed analysis is discussed in [2].
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