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Introduction
This paper presents discussion on open points and simulation results of PUCCH with enhanced formatted for operation on unlicensed bands [1].
Discussion
In RAN4#98-bis-e there was an initial agreement on the fixed patterns for information bits [2].
	Agreement:
[bookmark: OLE_LINK130]Issue 2-1-1: Test metric for PF3
[bookmark: OLE_LINK133]Tentative agreements:
Use Prob(DTX->ACK)<=1% and Prob(ACK miss)<=1% as test metric for PF3
Issue 2-2-1: Pattern for information bits
Agreements from GTW:
· PF0: [0]
· PF1: [0 1] 
· for PF3: [0 0 0 0]

[bookmark: OLE_LINK54]Candidate options: Information bit pattern for PF2
· [bookmark: OLE_LINK56][bookmark: OLE_LINK58]Option 1: [0 1 0 1… 0 1] including HARQ-ACK and CSI part 1
· [bookmark: OLE_LINK59]Option 2: Random (random selection of information bits, same as LTE)




Based on agreements, the performance requirements of PUCCH formats 1 and 3 are defined with ACK missed detection metric: SNR@ACK missed <= 10-2 with SNR@Prob(DTX->ACK)≤ 10-2. 
The performance requirement of PUCCH formats for ACK missed detection is determined by the probability of false detection of the ACK and the probability of detection of ACK. Therefore, the proposed bit patterns defined as all zeros (NACK) should be redefined.
[bookmark: _Toc71309199]PF0 and PF3 bit patterns are defined as all +0’s, and the test metric to define the performance requirements is ACK-missed detection.
[bookmark: _Toc71309200]Use bit patterns [1] and [1 1 1 1] for PF0 and PF3, respectively. 



Simulation assumptions

[bookmark: _Ref53915178]Table 1 Simulation assumptions for PUCCH format 0 analysis
	Parameter
	Test

	Number of UCI information bits
	1

	Number of symbol
	1

	Intra-slot frequency hopping
	N/A

	Group and sequence hopping
	Neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13

	Antenna configuration 
	1T2R

	Channel bandwidth 
	20MHz

	SCS
	15kHz and 30kHz

	Number of interlaces
	1

	Interlace index
	0

	Propagation conditions 
	TDLA30-10 Low

	Test metric 
	SNR at
 
Prob(Ack missed detection) 

	Bit pattern
	[1] including HARQ-ACK information only



Table 2 Simulation assumptions for PUCCH format 1 analysis
	Parameter
	Test

	Number of information bits
	2

	Number of symbols
	14

	Intra-slot frequency hopping
	N/A

	Group and sequence hopping
	Neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	OCC index (timeDomainOCC)
	0

	Antenna configuration
	1T2R

	Channel bandwidth
	20MHz

	SCS
	15kHz and 30kHz

	Number of interlaces
	1

	Interlace index
	0

	Propagation conditions
	TDLA30-10 Low

	Test metric
	SNR at
 
Prob(Ack missed detection) 

SNR at
 
 

	Bit pattern
	[0 1] including HARQ-ACK information only



Table 3 Simulation assumptions for PUCCH format 2 analysis
	Parameter
	Value 

	Modulation order
	QSPK

	Intra-slot frequency hopping
	N/A

	Number of symbols
	1

	The number of UCI information bits
	22 bits

	First symbol
	13

	DM-RS sequence generation
	NID0=0

	Antenna configuration
	1T2R

	Channel bandwidth
	20MHz

	SCS
	15kHz and 30kHz

	Number of interlaces
	1

	Interlace index
	0

	Propagation conditions
	TDLA30-10 Low

	OCC-Length-r16
	Not configured 

	Test metric
	

	Bit pattern
	[0 1 … 0  1]



Table 4 Simulation assumptions for PUCCH format 3 analysis
	Parameter
	Value

	Modulation order
	QPSK

	Intra-slot frequency hopping
	N/A

	Group and sequence hopping
	neither

	Hopping ID
	0

	Additional DM-RS configuration
	No additional DM-RS

	Number of symbols and UCI information bits
	4 bits and 4 symbols

	Channel bandwidth
	20MHz

	SCS
	15kHz 
30kHz

	Antenna configuration
	1T2R

	Number of interlaces
	1

	Interlace index
	0

	Propagation conditions
	TDLA30-10 Low

	Index of OCC
	n0

	Length of OCC
	n1

	Cyclic shift index for DMRS
	0

	Test metric 
	

SNR at
 
Prob(Ack missed detection) 

	Bit pattern
	[1 1 1 1] including HARQ-ACK information only


Simulation results
[bookmark: _Ref53914017][bookmark: _Ref59201603]Table 5 Simulation results for interlaced PUCCH format 0
	Format
	Propagation conditions
	SCS
	Test metric
	Ideal
	Impairment

	Format 0
	TDLA30-10
	15 kHz
	1% ACK miss
	-4.8
	-2.3

	
	
	30 kHz
	1% ACK miss
	-3.7
	-1.2



Table 6 Simulation results for interlaced PUCCH format 1
	Format
	Propagation conditions
	SCS
	Test metric
	Ideal
	Impairment

	Format 1
	TDLA30-10
	15 kHz
	1% ACK miss
	-16.4
	-13.9

	
	
	
	0.1% NACK to ACK
	-15.4
	-12.9

	
	
	30 kHz
	1% ACK miss
	-15.6
	-13.1

	
	
	
	0.1% NACK to ACK
	-14.5
	-12.0



Table 7 Simulation results for interlaced PUCCH format 2
	Format
	Propagation conditions
	SCS
	UCI bits
	OCC length
	Test metric
	Ideal
	Impairment

	Format 2
	TDLA30-10
	15 kHz
	22
	1
	1% UCI BLER
	1.2
	3.7

	
	
	30 kHz
	22
	1
	1% UCI BLER
	2.2
	4.7



Table 8 Simulation results for interlaced PUCCH format 3
	Format
	Propagation conditions
	SCS
	UCI bits
	OCC length
	Test metric
	Ideal
	Impairment

	Format 3
	TDLA30-10
	15 kHz
	4
	1
	1% ACK miss
	-5.1
	-2.6

	
	
	
	
	
	1% UCI BLER
	-9.9
	-7.4

	
	
	30 kHz
	4
	1
	1% ACK miss
	-4.2
	-1.7

	
	
	
	
	
	1% UCI BLER
	-8.9
	-6.4



[bookmark: _Hlk31794208]Conclusion
In this contribution we provided updated interlaced PUCCH simulation results for NR-U considering the agreements from the last RAN4 meeting. Additionally, we brought up additional discussion on the bit patterns to be used for PF3, from which we derived the following observations and proposals:
Observation 1: PF0 and PF3 bit patterns are defined as all +0’s, and the test metric to define the performance requirements is ACK-missed detection.
Proposal 1: Use bit patterns [1] and [1 1 1 1] for PF0 and PF3, respectively.
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