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Introduction
This paper presents PUCCH simulation results for the definition of demodulation requirements related to the operation between 52.6 GHz and 71 GHz. 
Simulation assumptions
Simulation assumptions are shown below and are derived considering the agreements on the WF [1]. 

PUCCH format 0

Table 1 Simulation assumption for PUCCH format 0
	Parameter
	Value

	TR/RX
	1T2R

	Number of UCI information bits
	1

	Number of PRBs and Number of OFDM symbols: 

	Number of PRBs:
1 and 16

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol 

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol
12 for 2 symbols

	Propagation condition
	TDLA30-650 Low 
TDL-A 10-650 Low

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz 
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	Test metric: ACK missed detection rate < 1%

	Phase noise model
	TR 38.808 set 2





Table 4 Results for PUCCH format 0: SNR at 1% ACK missed detection rate 
	PUCCH format
	SCS
	CBW
	Number symbols
	Number RBs
	Info Bits
	Propagation conditions
	SNR 

	0 
	120
	100
	1
	1
	1
	 TDLA30-650 Low 
	7.5

	0
	120
	100
	2
	16
	1
	 TDLA30-650 Low 
	-8.6

	0 
	480
	400
	1
	1
	1
	TDL-A 10-650 Low 
	7.89

	0
	480
	400
	2
	16
	1
	TDL-A 10-650 Low 
	-8.45

	0 
	960
	400
	1
	1
	1
	TDL-A 10-650 Low 
	8.21

	0
	960
	400
	2
	16
	1
	TDL-A 10-650 Low 
	-8.3



PUCCH format 1

Table 5 Simulation assumption for PUCCH format 1
	Parameter
	Value

	TR/RX
	1T2R

	Number of UCI information bits
	2

	Number of PRBs 

	1 and 16

	Number of OFDM symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled 

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol 
	0

	Propagation condition
	TDLA30-650 Low 
TDL-A 10-650 Low

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz 
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	ACK missed detection rate < 1%
NACK to ACK (0.1 %)

	Phase noise model
	TR 38.808 set 2



Table 6 Results for PUCCH format 1
	PUCCH format
	SCS
	CBW
	Number symbols
	Number RBs
	Info Bits
	Propagation conditions
	Test metric
	SNR

	1
	120
	100
	14
	1
	2
	TDLA30-650 Low 
	ACK missed detection rate < 1%
	-7.1

	
	
	
	
	
	
	TDLA30-650 Low 
	NACK to ACK (0.1 %)
	-5.2

	
	
	
	
	16
	2
	TDLA30-650 Low 
	ACK missed detection rate < 1%
	-17.2

	
	
	
	
	
	
	TDLA30-650 Low 
	NACK to ACK (0.1 %)
	-16

	1
	480
	400
	14
	1
	2
	TDL-A 10-650 Low
	ACK missed detection rate < 1%
	-7.3

	
	
	
	
	
	
	TDL-A 10-650 Low
	NACK to ACK (0.1 %)
	-5.2

	
	
	
	
	16
	2
	TDL-A 10-650 Low
	ACK missed detection rate < 1%
	-17

	
	
	
	
	
	
	TDL-A 10-650 Low
	NACK to ACK (0.1 %)
	-16

	1
	960
	400
	14
	1
	2
	TDL-A 10-650 Low
	ACK missed detection rate < 1%
	-7

	
	
	
	
	
	
	TDL-A 10-650 Low
	NACK to ACK (0.1 %)
	-5.2

	
	
	
	
	16
	2
	TDL-A 10-650 Low
	ACK missed detection rate < 1%
	-16.9

	
	
	
	
	
	
	TDL-A 10-650 Low
	NACK to ACK (0.1 %)
	-15.9




PUCCH format 2
Table 7 Simulation assumption for PUCCH format 2
	Parameter
	Value

	TR/RX
	1T2R

	Modulation order
	QPSK

	Number of UCI information bits
	4

	Number of PRBs

	9 and 4

	OFDM symbols 
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	Neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol 
	13 for 1 symbol
12 for 2 symbols

	Propagation condition
	TDLA30-650 Low 
TDL-A 10-650 Low

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz 
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	ACK missed detection rate < 1%
UCI BLER < 1%

	Phase noise model
	TR 38.808 set 2



Table 8 Simulation results for PUCCH format 2
	PUCCH format
	SCS
	CBW
	Number symbols
	Number RBs
	Info Bits
	Propagation conditions
	Test metric
	SNR

	2
	120
	100
	1
	4
	4
	TDLA30-650 Low 
	ACK missed detection rate < 1%
	4.2

	2
	120
	100
	2
	9
	22
	TDLA30-650 Low 
	UCI BLER < 1%
	-0.5

	2
	480
	400
	1
	4
	4
	TDL-A 10-650 Low
	ACK missed detection rate < 1%
	4

	2
	480
	400
	2
	9
	22
	TDL-A 10-650 Low
	UCI BLER < 1%
	-0.7

	2
	960
	400
	1
	4
	4
	TDL-A 10-650 Low
	ACK missed detection rate < 1%
	3.7

	2
	960
	400
	2
	9
	22
	TDL-A 10-650 Low
	UCI BLER < 1%
	0.1



PUCCH format 3
Table 9 Simulation assumptions for PUCCH format 3
	Parameter
	value

	Number of UCI information bits
	16 bits

	Number of PRBs Number of OFDM symbols: 
	1 for 14 OFDM symbols 

	
	 and 

	
	3 for 4 OFDM symbols

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled 

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	First symbol
	13

	Modulation order
	QPSK

	DM-RS sequence generation
	NID0=0

	Additional DMRS
	With and without for 14 14 OFDM symbols 

	
	 

	
	Without for 4 OFDM symbols

	
	 

	Propagation condition
	TDLA30-650 Low 
TDL-A 10-650 Low

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz and 1600 MHz
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	UCI BLER < 1%

	Phase noise model
	TR 38.808 set 2



Table 10 Results for PUCCH format 3: SNR at 1% BLER
	PUCCH format
	SCS
	CBW
	Number symbols
	Number RBs
	Info Bits
	Propagation condition
	Additional DMRS
	SNR

	3
	120
	100
	14
	1
	16
	TDLA30-650 Low
	No
	-1.7

	
	
	
	
	
	
	TDLA30-650 Low
	Yes
	-1.1

	
	
	
	4
	3
	16
	TDLA30-650 Low
	No
	-1.1

	3
	480
	400
	14
	1
	16
	TDL-A 10-650 Low
	No
	-1.7

	
	
	
	
	
	
	TDL-A 10-650 Low
	Yes
	-1.1

	
	
	
	4
	3
	16
	TDL-A 10-650 Low
	No
	-1.1

	3
	960
	400
	14
	1
	16
	TDL-A 10-650 Low
	No
	-1.6

	
	
	
	
	
	
	TDL-A 10-650 Low
	Yes
	-1

	
	
	
	4
	3
	16
	TDL-A 10-650 Low
	No
	-1.4



PUCCH format 4

	Parameter
	Value

	Number of UCI information bits
	22  bits

	Number of PRBs
	1
and 16 (Enhanced)

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled 

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	Neither

	Hopping ID
	0

	First symbol
	0

	Number of OFDM symbols: 
	14

	
	
	

	Additional DMRS
	  With and without
	

	
	
	

	Length of the orthogonal cover code
	n2
	

	Index of the orthogonal cover code 
	n0
	

	Propagation condition
	TDLA30-650 Low 
TDL-A 10-650 Low
	

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz and 1600 MHz
SCS = 960 kHz; CBW = 400 MHz
	

	Testing metric
	UCI BLER < 1%
	

	Phase noise model
	TR 38.808 set 2
	



Table 8 Results for PUCCH format 4: SNR at 1% BLER
	PUCCH format
	SCS
	CBW
	Number symbols
	Number RBs
	Info Bits
	Propagation conditions
	Additional DMRS
	SNR

	4 
	120
	100
	14
	1
	22
	TDLA30-650 Low
	No
	0.2

	
	
	
	
	
	
	TDLA30-650 Low
	Yes
	0.7

	
	
	
	
	16
	22
	TDLA30-650 Low
	No
	-12.1

	
	
	
	
	
	
	TDLA30-650 Low
	Yes
	-11.8

	4 
	480
	400
	14
	1
	22
	TDL-A 10-650 Low
	No
	0.1

	
	
	
	
	
	
	TDL-A 10-650 Low
	Yes
	0.7

	
	
	
	
	16
	22
	TDL-A 10-650 Low
	No
	-12.2

	
	
	
	
	
	
	TDL-A 10-650 Low
	Yes
	-11.7

	4 
	960
	400
	14
	1
	22
	TDL-A 10-650 Low
	No
	0.3

	
	
	
	
	
	
	TDL-A 10-650 Low
	Yes
	1.1

	
	
	
	
	16
	22
	TDL-A 10-650 Low
	No
	-11.8

	
	
	
	
	
	
	TDL-A 10-650 Low
	Yes
	-11.5



References
[1] [bookmark: _Ref100157972][bookmark: _Ref95288808][bookmark: _Ref53929813][bookmark: _Ref70411061][bookmark: _Hlk46851752][bookmark: _Ref46833244][bookmark: _Ref46865894][bookmark: _Ref74133581][bookmark: _Ref74310591]R4-2214655, WF on general aspects for demodulation requirements for FR2-2, Huawei
[2] R4-2214500, WF on PUCCH demodulation requirements for FR2-2, Ericsson
[3] R4-2210664, WF on general and BS aspects for FR2-2 demodulation requirements, Intel Corporation
[4] R4-2207223, WF on demodulation performance requirements definition for 52.6 - 71 GHz, Intel Corporation
[5] R4-2212677, PUCCH simulation results for the extension to 71 GHz, Nokia, Nokia Shanghai Bell

