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1. Introduction
[bookmark: _Hlk528680199]In RAN4#97-e meeting, companies got agreements on PUCCH simulation assumptions and also left some open issues [1]. 
Agreements
A1	General configurations
A1-1	PUCCH formats
· Define the performance requirements for Rel-16 PF 0/1/2/3 with interlace resource allocation
A1-2	Number of interlaces: 1 interlace for PF 0/1/2/3
A1-3	Antenna configuration: 1Tx2Rx
A1-4	Bandwidth: Define the NR-U PUCCH requirements with 20MHz bandwidth
A1-5	Frequency hopping: Not configure frequency hopping
A1-6	SCS: 15 kHz and 30 kHz
A2	PUCCH Format 0
A2-1	Number of symbols: Only test 1 OFDM symbol for PF0
A3	PUCCH Format 2
A3-1	Number of interlace: 1 interlace
A3-2	Number of symbols: 1 OFDM symbols
A4	PUCCH Format 3
A4-1	Number of interlace: 1 interlace
Open Issues
	Issue 1: Propagation conditions
· Option 1: TDLA30-10 
· Option 2: TDLC300-100
[bookmark: _Hlk60134289]Issue 2: Test metric for interlaced PUCCH format
· Option 1: only Rel-15 test metric
· Option 2: 3 test metrics
· SNR@Prob(ACK miss)≤10^(−2))
· SNR @Prob(PUCCH DTX→Ack bits)  ≤ 10^(−2))
· SNR@Prob(NACK→ACK)≤10^(−3))
Issue 3: Information bits for PF2
· Option 1: 4 bits or 22 bits
· Option 2: 22 bits
Issue 4: OCC configuration for PF2
· Option 1: Not configure
· Option 2: OCC length n2
Issue 5: Information bits for PF3
· Option 1: 16
· Option 2: 16 and 4 (4 for 14 os)
Issue 6: Number of OFDM symbols for PF3
· Option 1: Both 4 and 14
· Option 2: 4
· Option 3: 14
Issue 7: OCC length for PF3
· Option 1: n1  
· Option 2: n2  
· Other values are not precluded.

2. Discussion 
[bookmark: _Hlk43884116]Issue 1: Propagation conditions
Companies already agreed to define requirements agnostic to NR-U scenarios which is also used in Rel-15 requirement definition. That means different deployments shouldn’t impact too much on requirement definition. Thus, the similar simulation assumptions between deployments, licensed and unlicensed band would be used. The test consistency between different band can be secured. 
When a NR-U BS doesn’t support interlacing structure if there is no regulation, Rel-15 requirements will be directly applied if NR-U requirements use similar assumptions. In Rel-15 PUCCH requirements, TDLC300-100 channel is used for all FR1 bands and all deployments (wide area, median area or local range). It is reasonable to reuse the same fading channel for NR-U deployment as well. 
Proposal 1: Agree with option 2 to define interlace PUCCH requirement under TDLC300-100.   

Issue 2: Test metric for interlaced PUCCH format
The Rel-15 requirements define the DTX to ACK probability shall not exceed 1% for all PUCCH formats carrying ACK/NACK bits, thus all relevant PUCCH requirements are actually tested with a combined metric, such as DTX -> ACK and ACK miss, DTX -> ACK and NACK -> ACK. 
As for interlaced PF0, the information bit is 1 bit. According to our simulation [2], the ACK miss is the bottleneck which is the same situation as Rel-15. In that case, there no need to define NACK -> ACK metric additionally. 
Observation 1: The ACK miss is the bottleneck metric for interlaced PF0.
For interlaced PF1, the simulation results show that ACK miss and NACK->ACK have similar performance. It would be good to consider both test metrics to make test reliable. 
For interlaced PF2, 4 bits information requirement is considered in Rel-15. Since Rel-15 requirements seems mandatory for NR-U BS, then it is no necessary to define it again since interlacing structure could be checked by 22 bits case. In that case, test metric ACK miss would not be considered for interlaced PF2. 
Proposal 2: To align with Rel-15 PUCCH requirements, define test metric for interlaced PUCCH format as:
· The DTX to ACK probability shall not exceed 1% for all interlaced PUCCH formats carrying ACK/NACK bits.
· Interlaced PF0: SNR@Prob(ACK miss)≤10^(−2))
· Interlaced PF1: SNR@Prob(ACK miss)≤10^(−2)) and SNR@Prob(NACK→ACK)≤10^(−3))
· Interlaced PF2: SNR@Prob(UCI block BLER)=10^(−2) .
· Interlaced PF3: SNR@Prob(UCI block BLER)=10^(−2)

Issue 3: Information bits for PF2 and PF3
As mentioned in Issue 2, 4 bits information will use RM channel coding whose performance should also be considered. Rel-15 PF2 have requirement of it on normal PUSCH structure. If a NR-U BS have to pass Rel-15 PF2 requirement, then no necessary to introduce new requirement for interlaced PF2. 
Rel-15 PF3 don’t have requirement for RM coding, then it would be good to introduce new requirement for interlaced PF3.  
Proposal 3: Only add 4 bits information test case for interlacing PF3. 

Issue 4: Number of OFDM symbols for PF3
In Rel-15 PF3, 16bits information with 14 and 4 OFDM symbols cases are defined. Different OFDM number would use different code rate and different DM-RS configuration. It would be good to keep the same configuration as Rel-15.
The intention of introducing 4bits information is to check RM coding functionality with interlacing structure. It would be good to only define additional requirements for 4bits information 14 OFDM symbols to check the very low code rate.  
It should be noted that Rel-15 applicability rule for PF3 DM-RS configuration can be reused for interlaced PF3 if assumptions above are agreed.    
Proposal 4: Accept following test cases for interlaced PF3: 
· 4 information bits with 14 OFDM symbols
· 16 information bits with 4 and 14 OFDM symbols
· Reuse Rel-15 PF3 applicability rule for different DM-RS configuration.

Issue 5: OCC configuration for PF2 and PF3
According to TS38.211 [2], the spreading method is defined as:
· PF2:
If the higher layer parameter interlace1 is not configured, and the higher-layer parameter OCC-Length-r16 is configured,
-	 is given by the higher-layer parameter OCC-Length-r16; 
-	 is given by Tables 6.3.2.5A-1 and 6.3.2.5A-2 where , the quantity  is the index of the orthogonal sequence to use given by the higher-layer parameter OCC-Index-r16, and  is the interlaced resource block number as defined in clause 4.4.4.6 within the interlace given by the higher-layer parameter Interlace0.
otherwise  and 

· PF3:
for PUCCH format 3 with interlaced mapping,  if a single interlace is configured and ,  if two interlaces are configured;

Also checking section 9.2.1 in TS38.213 on PUCCH resource set:  
If a UE is provided by useInterlacePUCCH-PUSCH in BWP-UplinkDedicated, and the format indicates PUCCH-format2-r16 or PUCCH-format3-r16, the PUCCH resource also includes, if provided, an index of a second interlace by interlace1. If format indicates PUCCH-format2-r16 or PUCCH-format3-r16 and interlace1 is not provided, the PUCCH resource also includes, if provided, an orthogonal cover code length by OCC-Length-r16 and an orthogonal cover code index by OCC-Index-r16. If the format indicates PUCCH-format3-r16, the UE assumes that the  [4, TS38.211] PRBs with the lowest indexes within the first, and if configured, second interlace are used for PUCCH transmission.

In TS38.331 [3] [4], the OCC-Length-r16 and OCC-Index-r16 are defined as:
PUCCH-ResourceExt-r16 ::=               SEQUENCE {
    interlaceAllocation-r16                 SEQUENCE {
        rb-SetIndex                             INTEGER (0..4),
        interlace0                              CHOICE {
            scs15                                   INTEGER (0..9),
            scs30                                   INTEGER (0..4)
        }
    }                                                                                                             OPTIONAL,  --Need R
    formatExt-v1610                         CHOICE {
        interlace1-v1610                            INTEGER (0..9),
        occ-v1610                                   SEQUENCE {
            occ-Length-v1610                                ENUMERATED {n2,n4}                                       OPTIONAL, -- Need M
            occ-Index-v1610                                 ENUMERATED {n0,n1,n2,n3}                                 OPTIONAL  -- Need M
        }
    }                                                                                                            OPTIONAL,  -- Need R
    ...
}
...
PUCCH-format4 ::=                               SEQUENCE {
    nrofSymbols                                     INTEGER (4..14),
    occ-Length                                      ENUMERATED {n2,n4},
    occ-Index                                       ENUMERATED {n0,n1,n2,n3},
    startingSymbolIndex                             INTEGER(0..10)
}

It is agreed that PF2 and PF3 use 1 interlace (interlace0 is configured but interlace1 is not configured) for requirement, then user multiplexing can be used. Note that interlace PF3 and normal PF4 use the same method to support multi-user multiplexing, even the OCC-Length and OCC-Index are the same. Furthermore, Rel-15 PF4 define requirements for multiplexing function, then it is straightforward to define multiplexing requirement for interlaced PF3, and the OCC assumptions for Rel-15 PF4 (n2 for OCC length and n0 for OCC index) could be reused. 
For PF2, multi-user multiplexing is a new function and it is worthy to be verified either. The same OCC length n2 and OCC index n0 as interlaced PF3 could be used in that case.
Proposal 5: Configure OCC length as n2 and OCC index as n0 for interlace PF2/3 demodulation requirements to check multi-user multiplexing.

To summarize the proposals above, the simulation assumptions for interlaced PUCCH PF0/1/2/3 are listed in following tables.
	PF0 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 Note1

	Propagation conditions 
	 TDLC300-100 low

	Test metric 
	SNR@Prob(ACK miss)≤10^(−2)) Note 2

	Note 1: RBs 0, 10, 20,…,100 are allocated for 15kHz if agreed and RBs 0,5,10,…,50 are allocated for 30kHz.
Note 2: The DTX to ACK probability shall not exceed 1%



	PF1 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

	Index of orthogonal cover code (timeDomainOCC)
	0

	Antenna configuration
	1T2R

	Channel bandwidth
	20MHz

	SCS
	15kHz and 30kHz

	Number of interlaces
	1

	Interlace index
	0 Note1

	Propagation conditions
	TDLC300-100 low

	Test metric
	SNR@Prob(ACK miss)≤10^(−2)) SNR@Prob(NACK→ACK)≤10^(−3)) Note2

	Note 1: RBs 0, 10, 20,…,100 are allocated for 15kHz if agreed and RBs 0,5,10,…,50 are allocated for 30kHz.
Note 2: The DTX to ACK probability shall not exceed 1%



	PF2 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 Note 1

	Propagation conditions
	TDLC300-100 low

	OCC index
	n0

	OCC-Length-r16
	n2

	Test metric
	
SNR@Prob(UCI block BLER)=10^(−2)

	Note 1: RBs 0, 10, 20,…,100 are allocated for 15kHz and RBs 0,5,10,…,50 are allocated for 30kHz.




	PF3 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
	14
	4 and 14

	The number of UCI information bits
	4 bits
	16 bits Note 2

	Channel bandwidth
	20MHz

	SCS
	15kHz and 30kHz

	Antenna configuration
	1T2R

	Number of interlaces
	1

	Interlace index
	0Note 1

	Propagation conditions
	TDLC300-100 low

	Index of OCC
	n0

	Length of OCC
	n2

	Cyclic shift index for DMRS
	0

	Test metric 
	SNR@Prob(UCI block BLER)=10^(−2)

	Note 1: RBs 0, 10, 20,…,90 are allocated for 15kHz and RBs 0,5,10,…,45 are allocated for 30kHz.
Note 2: The UCI information does not contain CSI part 2.





3. Conclusion
Issue 1: Propagation conditions
Proposal 1: Agree with option 2 to define interlace PUCCH requirement under TDLC300-100.   
Issue 2: Test metric for interlaced PUCCH format
Observation 1: The ACK miss is the bottleneck metric for interlaced PF0.
Proposal 2: To align with Rel-15 PUCCH requirements, define test metric for interlaced PUCCH format as:
· The DTX to ACK probability shall not exceed 1% for all interlaced PUCCH formats carrying ACK/NACK bits.
· Interlaced PF0: SNR@Prob(ACK miss)≤10^(−2))
· Interlaced PF1: SNR@Prob(ACK miss)≤10^(−2)) and SNR@Prob(NACK→ACK)≤10^(−3))
· Interlaced PF2: SNR@Prob(UCI block BLER)=10^(−2) .
· Interlaced PF3: SNR@Prob(UCI block BLER)=10^(−2)

Issue 3: Information bits for PF2 and PF3
Proposal 3: Only add 4 bits information test case for interlacing PF3. 

Issue 4: Number of OFDM symbols for PF3
Proposal 4: Accept following test cases for interlaced PF3: 
· 4 information bits with 14 OFDM symbols
· 16 information bits with 4 and 14 OFDM symbols
· Reuse Rel-15 PF3 applicability rule for different DM-RS configuration.
[bookmark: _Hlk43884132]
Issue 5: OCC configuration for PF2 and PF3
Proposal 5: Configure OCC length as n2 and OCC index as n0 for interlace PF2/3 demodulation requirements to check multi-user multiplexing.

	PF0 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 Note1

	Propagation conditions 
	 TDLC300-100 low

	Test metric 
	SNR@Prob(ACK miss)≤10^(−2)) Note 2

	Note 1: RBs 0, 10, 20,…,100 are allocated for 15kHz if agreed and RBs 0,5,10,…,50 are allocated for 30kHz.
Note 2: The DTX to ACK probability shall not exceed 1%



	PF1 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

	Index of orthogonal cover code (timeDomainOCC)
	0

	Antenna configuration
	1T2R

	Channel bandwidth
	20MHz

	SCS
	15kHz and 30kHz

	Number of interlaces
	1

	Interlace index
	0 Note1

	Propagation conditions
	TDLC300-100 low

	Test metric
	SNR@Prob(ACK miss)≤10^(−2)) SNR@Prob(NACK→ACK)≤10^(−3)) Note2

	Note 1: RBs 0, 10, 20,…,100 are allocated for 15kHz if agreed and RBs 0,5,10,…,50 are allocated for 30kHz.
Note 2: The DTX to ACK probability shall not exceed 1%



	PF2 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 Note 1

	Propagation conditions
	TDLC300-100 low

	OCC index
	n0

	OCC-Length-r16
	 n2

	Test metric
	
SNR@Prob(UCI block BLER)=10^(−2)

	Note 1: RBs 0, 10, 20,…,100 are allocated for 15kHz and RBs 0,5,10,…,50 are allocated for 30kHz.




	PF3 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
	14
	4 and 14

	The number of UCI information bits
	4 bits
	16 bits Note 2

	Channel bandwidth
	20MHz

	SCS
	15kHz and 30kHz

	Antenna configuration
	1T2R

	Number of interlaces
	1

	Interlace index
	0Note 1

	Propagation conditions
	TDLC300-100 low

	Index of OCC
	n0

	Length of OCC
	n2

	Cyclic shift index for DMRS
	0

	Test metric 
	SNR@Prob(UCI block BLER)=10^(−2)

	Note 1: RBs 0, 10, 20,…,90 are allocated for 15kHz and RBs 0,5,10,…,45 are allocated for 30kHz.
Note 2: The UCI information does not contain CSI part 2.
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