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1. Introduction
In RAN4#88bis meeting, a WF [1] for NR PUCCH was approved. In this contribution, we provide the simulation results for NR PUCCH.
2. Simulation assumptions
Table 1 Simulation assumptions for NR PUCCH
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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
. 1,1, 1) 4,1,4) (16,14, 1)
(#Bits, #Symbols, #PRBs) (.21 (2,14,1) (22,2,9) (16, 4,3) (22,14,1)
FR1:
® Without additional DMRS for all cases
DMRS pattern ® \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
. 13 for 1 symbol; 12 13 for 1 symbol; 12
StartingSymbolindex for 2 symbols; 0 for 2 symbols; 0 0
Index of orthogonal
sequence (time-domain- 0
oce)
occ-Length n2
occ-Index n0
DTXto Ack L
probability <1% v v + for bits <=11 X X
Missed Ack
Test | probability < 1% N N N x x
metric | NACK2ACK < x v FFS for bits <=11 x x
0.1%
BLER < 1% X X + for bits >11





3. Simulation results
3.1 PUCCH format 0
The simulation results for PUCCH format 0 are given in Figure1. 
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(a) Case (1,1,1) with 10MHz/15KHz
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(b) Case (1,2,1) with 10MHz/15KHz
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(c) Case (1,1,1) with 40MHz/30KHz
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(d) Case (1,2,1) with 40MHz/30KHz
(1) 1T2R TDLC300ns-100Hz
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(a) Case (1,1,1) with 10MHz/15KHz
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(b) Case (1,2,1) with 10MHz/15KHz
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(c) Case (1,1,1) with 40MHz/30KHz
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(d) Case (1,2,1) with 40MHz/30KHz
(2) 1T4R TDLC300ns-100Hz
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(a) Case (1,1,1) with 10MHz/15KHz
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(b) Case (1,2,1) with 10MHz/15KHz
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(c) Case (1,1,1) with 40MHz/30KHz
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(d) Case (1,2,1) with 40MHz/30KHz
(3) 1T8R TDLC300ns-100Hz

Figure 1: Simulation results for PUCCH format 0
The sumarry results for PUCCH format 0 are provided in Table 2.
Table 2 summary results for PUCCH format 0 
	PUCCH format
	BW-SCS
	Tx/Rx
	Number of Bits
	Number of Symbols
	Number of PRBs
	Missed Ack probability < 1%

	PF0
	10MHz/15KHz
	1x2
	1
	1
	1
	8.18

	
	10MHz/15KHz
	
	1
	2
	1
	5.82

	
	40MHz/30KHz
	
	1
	1
	1
	8.72

	
	40MHz/30KHz
	
	1
	2
	1
	5.0

	
	10MHz/15KHz
	1x4
	1
	1
	1
	0.55

	
	10MHz/15KHz
	
	1
	2
	1
	-1.36

	
	40MHz/30KHz
	
	1
	1
	1
	1.0

	
	40MHz/30KHz
	
	1
	2
	1
	-1.49

	
	10MHz/15KHz
	1x8
	1
	1
	1
	-3.36

	
	10MHz/15KHz
	
	1
	2
	1
	-5.71

	
	40MHz/30KHz
	
	1
	1
	1
	-3.68

	
	40MHz/30KHz
	
	1
	2
	1
	-5.76


3.2 PUCCH format 1
The simulation results for PUCCH format 1 are given in Figure2. 
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(a) Case (2,14,1) with 10MHz/15KHz
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(b) Case (2,14,1) with 40MHz/30KHz
(1) 1T2R TDLC300ns-100Hz
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(a) Case (2,14,1) with 10MHz/15KHz
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(b) Case (2,14,1) with 40MHz/30KHz
(2) 1T4R TDLC300ns-100Hz
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(a) Case (2,14,1) with 10MHz/15KHz
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(b) Case (2,14,1) with 40MHz/30KHz
(3) 1T8R TDLC300ns-100Hz

Figure 2: Simulation results for PUCCH format 1 
The sumarry results for PUCCH format 1 are provided in Table 3.
Table 3 summary results for PUCCH format 1
	PUCCH format
	BW-SCS
	Tx/Rx
	Number of Bits
	Number of Symbols
	Number of PRBs
	Missed Ack probability < 1%
	NACK2ACK < 0.1%

	PF1
	10MHz/15KHz
	1x2
	2
	14
	1
	-3.42
	-0.99

	
	40MHz/30KHz
	
	2
	14
	1
	-3.61
	-2.75

	
	10MHz/15KHz
	1x4
	2
	14
	1
	-9.54
	-9.22

	
	40MHz/30KHz
	
	2
	14
	1
	-10.60
	-9.75

	
	10MHz/15KHz
	1x8
	2
	14
	1
	-14.09
	-13.67

	
	40MHz/30KHz
	
	2
	14
	1
	-14.00
	-13.24


3.3 PUCCH format 3
The simulation results for PF3 are given in Figure3. 
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(a) Case(16, 14,1) without additional DMRS (10MHz/15KHz)
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(b) Case(16, 14,1) with additional DMRS (10MHz/15KHz)
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(c) Case(16, 4,3) without additional DMRS (10MHz/15KHz)
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(d) Case(16, 4,1) without additional DMRS (40MHz/30KHz)
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(e) Case(16, 14,1) with additional DMRS (40MHz/30KHz)
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(f) Case(16, 4, 3) without additional DMRS (40MHz/30KHz)

(1) 1T2R TDLC300ns-100Hz
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(a) Case(16, 14,1) without additional DMRS (10MHz/15KHz)
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(b) Case(16, 14,1) with additional DMRS (10MHz/15KHz)
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(c) Case(16, 4,3) without additional DMRS (10MHz/15KHz)
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(d) Case(16, 4,1) without additional DMRS (40MHz/30KHz)
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(e) Case(16, 14,1) with additional DMRS (40MHz/30KHz)
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(f) Case(16, 4, 3) without additional DMRS (40MHz/30KHz)

(2) 1T4R TDLC300ns-100Hz
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(a) Case(16, 14,1) without additional DMRS (10MHz/15KHz)
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(b) Case(16, 14,1) with additional DMRS (10MHz/15KHz)
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(c) Case(16, 4,3) without additional DMRS (10MHz/15KHz)
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(d) Case(16, 4,1) without additional DMRS (40MHz/30KHz)
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(e) Case(16, 14,1) with additional DMRS (40MHz/30KHz)
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(f) Case(16, 4, 3) without additional DMRS (40MHz/30KHz)

(3) 1T8R TDLC300ns-100Hz

Figure 3: Simulation results for PUCCH format 3
The sumarry results for PUCCH format 3 are provided in Table 4.
Table 4 summary results for PUCCH format 3
	PUCCH format
	BW-SCS
	Tx/Rx
	Number of Bits
	Number of Symbols
	Number of PRBs
	DMRS pattern
	BLER < 1%

	PF3
	10MHz/15KHz
	1x2
	16
	14
	1
	Without additonal DMRS
	0.12

	
	10MHz/15KHz
	
	16
	14
	1
	With additonal DMRS
	0.0

	
	10MHz/15KHz
	
	16
	4
	3
	Without additonal DMRS
	0.35

	
	40MHz/30KHz
	
	16
	14
	1
	Without additonal DMRS
	0.19

	
	40MHz/30KHz
	
	16
	14
	1
	With additonal DMRS
	-0.1

	
	40MHz/30KHz
	
	16
	4
	3
	Without additonal DMRS
	0.11

	
	10MHz/15KHz
	1x4
	16
	14
	1
	Without additonal DMRS
	-5.39

	
	10MHz/15KHz
	
	16
	14
	1
	With additonal DMRS
	-5.87

	
	10MHz/15KHz
	
	16
	4
	3
	Without additonal DMRS
	-4.16

	
	40MHz/30KHz
	
	16
	14
	1
	Without additonal DMRS
	-5.0

	
	40MHz/30KHz
	
	16
	14
	1
	With additonal DMRS
	-5.4

	
	40MHz/30KHz
	
	16
	4
	3
	Without additonal DMRS
	-3.75

	
	10MHz/15KHz
	1x8
	16
	14
	1
	Without additonal DMRS
	-8.84

	
	10MHz/15KHz
	
	16
	14
	1
	With additonal DMRS
	-9.71

	
	10MHz/15KHz
	
	16
	4
	3
	Without additonal DMRS
	-8.0

	
	40MHz/30KHz
	
	16
	14
	1
	Without additonal DMRS
	-9.31

	
	40MHz/30KHz
	
	16
	14
	1
	With additonal DMRS
	-9.93

	
	40MHz/30KHz
	
	16
	4
	3
	Without additonal DMRS
	-7.82


3.4 PUCCH format 4
The simulation results for PF4 are given in Figure4. 
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(a) Case (22, 14, 1) without additional DMRS (10MHz/15KHz)
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(b)  Case (22, 14, 1) with additional DMRS (10MHz/15KHz)
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(c) Case (22, 14, 1) without additional DMRS (40MHz/30KHz)
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(d)  Case (22, 14, 1) with additional DMRS (40MHz/30KHz)

(1) 1T2R TDLC300ns-100Hz
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(a) Case (22, 14, 1) without additional DMRS (10MHz/15KHz)
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(b)  Case (22, 14, 1) with additional DMRS (10MHz/15KHz)
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(c) Case (22, 14, 1) without additional DMRS (40MHz/30KHz)
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(d)  Case (22, 14, 1) with additional DMRS (40MHz/30KHz)

(2) 1T4R TDLC300ns-100Hz
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(a) Case (22, 14, 1) without additional DMRS (10MHz/15KHz)
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(b)  Case (22, 14, 1) with additional DMRS (10MHz/15KHz)
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(c) Case (22, 14, 1) without additional DMRS (40MHz/30KHz)
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(d)  Case (22, 14, 1) with additional DMRS (40MHz/30KHz)

(3) 1T8R TDLC300ns-100Hz
Figure 4: Simulation results for PUCCH format 4
The sumarry results for PUCCH format 4 are provided in Table 5.

Table 5 summary results for PUCCH format 4
	PUCCH format
	BW-SCS
	Tx/Rx
	Number of Bits
	Number of Symbols
	Number of PRBs
	DMRS pattern
	BLER < 1%

	PF4
	10MHz/15KHz
	1x2
	22
	14
	1
	Without additonal DMRS
	1.09

	
	10MHz/15KHz
	
	22
	14
	1
	With additonal DMRS
	1.10

	
	40MHz/30KHz
	
	22
	14
	1
	With additonal DMRS
	1.65

	
	40MHz/30KHz
	
	22
	14
	1
	With additonal DMRS
	1.53

	
	10MHz/15KHz
	1x4
	22
	14
	1
	Without additonal DMRS
	-4.1

	
	10MHz/15KHz
	
	22
	14
	1
	With additonal DMRS
	-4.54

	
	40MHz/30KHz
	
	22
	14
	1
	With additonal DMRS
	-3.75

	
	40MHz/30KHz
	
	22
	14
	1
	With additonal DMRS
	-4.17

	
	10MHz/15KHz
	1x8
	22
	14
	1
	Without additonal DMRS
	-8.28

	
	10MHz/15KHz
	
	22
	14
	1
	With additonal DMRS
	-8.71

	
	40MHz/30KHz
	
	22
	14
	1
	With additonal DMRS
	-8.40

	
	40MHz/30KHz
	
	22
	14
	1
	With additonal DMRS
	-8.94


4. Conclusion
In this contribution, we provide the simulation results for NR PUCCH.
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