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1	Introduction
During the last RAN4 meeting, the general issue for performance requirement related with NR-U was discussed and the related agreement for each channels were captured in the WF [1][2][3]. 
In this contribution, the view on the PUCCH demodulation requirement of NR-U is provided.
2	Discussion
In this section, the view on test parameters for each agreed PUCCH format is provided.
Common test parameter
Regarding the channel condition for PUCCH requirement, both TDLA30-10 and TDLC300-100 are considered for potential options in the last RAN4 meeting. 
TDLC300-100 is chosen for exiting PUCCH requirement in Rel-15 for FR1. The purpose of defining PUCCH requirement is to verify the interlace design. It was agreed that only one interlace will be considered. The gap for RB allocation within one interlace as 10 RBs for 15 kHz SCS, and 5 RBs for 30 kHz. Since the basic unit is the one interlace without joint DM-RS optimization, channel with lower delay is more proper for verify the channel estimation. 
Meanwhile, the purpose of NR-U maybe the offloading, so main use case corresponds to the stationary scenario and small cell, therefore, we prefer to specify PUCCH requirement for NR-U with TDLA30-10 channel.
Proposal 1: Specify the PUCCH requirement for NR-U with TDLA30-10 channel.
PUCCH format 0
Regarding the test metric, the following is agreed in the last meeting as
	· Test Metric
· 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)



Since the UCI information bit is only 1 bit, the ACK miss detection probability should be same as NACK to ACK. The test metric is only for large number of UCI information. Therefore, we prefer to reuse the same test metric for format 0 as Rel-15.

Proposal 2: Only apply Rel-15 test metric for PUCCH format 0 requirement as
· SNR@Prob(ACK miss)≤10^(−2)
· SNR@Prob(PUCCH DTX→Ack bits)  ≤ 10^(−2)

PUCCH format 1
For Rel-15 PUCCH format 1, both ACK and NACK are considered for requirements with format 1. We prefer to reuse the same test metric.
Proposal 3: Only apply Rel-15 test metric for PUCCH format 1 requirement as
· SNR@Prob(ACK miss)≤10^(−2)
· SNR@Prob(NACK→ACK)  ≤ 10^(−3)

PUCCH format 2
Regarding the test parameters, the following is agreed in the last meeting
	· Information bits
· Option 1: 4 bits or 22 bits
· Option 2: 22 bits
· OCC configuration
· Option 1: Not configuration
· Option 2: OCC length n2



Generally, the number of UCI payload should be determined by the number of OFDM symbol, the number of PRB, and the configured code rate, where the code rate corresponding to higher layer parameter PUCCH-F2-maximum-code rate, or PUCCH-F3-maximum-coderate, or PUCCH –F4-maximum code rate, indicated as Table 1
Table 1: corresponding to higher layer parameter PUCCH-F2-maximum-code rate, or PUCCH-F3-maximum-coderate, or PUCCH –F4-maximum code rate
	Value of PUCCH-F2-maximum-code rate
Value of PUCCH-F3-maximum-code rate
Value of PUCCH-F4-maximum-code rate
	Code rate

	0
	0.08

	1
	0.15

	2
	0.25

	3
	0.35

	4
	0.45

	5
	0.60

	6
	0.8

	7
	Reserved







For example, if a UE transmits HARQ-ACK bits and  bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs. The number of RB allocated should be satisfied as following condition 




, if 



Where  is number of RE, excluded the number of DMRS RE. For example, = 8 for format 2, =12 for format 3.
Based on the agreement in the last meeting, only one interlace and one symbol were agreed, where 11 RBs are allocated for 15 kHz and 30 kHz, separately.
NR PUCCH can support two kinds of coding scheme. In case of the payload of UCI is less than 11 bits, there is no CRC operation and with RM coding. While in case of the payload of UCI is larger than 11 bits, Polar code is applied, 6 bits CRC and 11 bits CRC can be available.  
In case of UCI information is 4 bits, the code rate is very small, which is out of RRC configured code-rate. While as 22 bits, with 11 bits CRC, the number of RB agreed can satisfy the above condition. In that sense, 22 bits is feasible for PUCCH format2.
The motivation of introducing OCC length is to support multiple UE multiplexing as
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Both intra-RB OCC with 2 UE and 4 UE can be multiplexing to reduce the PAPR.
 As indicated in the spec, 
	If the higher layer parameter interlace1 is not configured, and the higher-layer parameter OCC-Length is configured,
-	 is given by the higher-layer parameter OCC-Length; 
-	 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, 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 



Since only single UE is considered for specifying the PUCCH requirement, the performance of n2 and n4 should be no different. Therefore, we prefer to not configure the OCC length.

Proposal 4: Specify the PUCCH format2 with following test parameters
· Information bits:  22
· OCC-Length-r16: Not configured

PUCCH format 3
Regarding the test parameters, the following is agreed in the last meeting
	· Information bits
· Option 1: 16
· Option 2: 16 and 4 (4 for 14 OS)
· Number of OFDM
· Option 1: Both 4 and 14
· Option 2: 4
· Option 3: 14
· OCC length
· Option 1: n1
· Option 2: n2
· Other values are not precluded



As part of RS configuration, format 3 can support both with additional DMRS and without additional DMRS. 
The details mapping rule of number of PUCCH symbols, DMRS position, regardless of FH/ no FH is illustrated as in Table 1. 

Table 2: DMRS configuration and Position for NR PUCCH format 3and format 4
	Number of PUCCH symbols
	DMRS position

	
	No additional DMRS
	Additional DMRS

	
	Without Frequency hopping
	With Frequency hopping
	Without Frequency hopping
	With Frequency hopping

	4
	1
	0,2
	1
	0,2

	5
	0,3
	0,3
	0,3
	0,3

	6
	1,4
	1,4
	1,4
	1,4

	7
	1,4
	1,4
	1,4
	1,4

	8
	1,5
	1,5
	1,5
	1,5

	9
	2,6
	2,6
	1,6
	1,6

	10
	2,7
	2,7
	1,3,6,8
	1,3,6,8

	11
	2,7
	2,7
	1,3,6,9
	1,3,6,9

	12
	2,8
	2,8
	1,4,7,10
	1,4,7,10

	13
	2,9
	2,9
	1,4,7,11
	1,4,7,11

	14
	3,10
	3,10
	1,5,8,12
	1,5,8,12



In the last meeting, no additional DM-RS and no frequency hopping were agreed.
Different with format 2, only 10 RBs are allocated for format3, considering the DFT-s-OFDM waveform. The following are possible number REs related to different length of OFDM symbols
Table 3: Feasibility checking for different number of information bits
	Information bit 
	Payload before code
	Number bits transmission 
	Code rate

	4
	4
	720 (4 OS)
	0.0056

	
	
	2880(14OS)
	0.0014

	16
	16+6 =22 (6 bits CRC)
	720 (4 OS)
	0.3333

	
	
	2880 (14OS)
	0.0833

	42
	53 (11 bits CRC)
	720 (4 OS)
	0.0736

	
	
	2880(14OS)
	0.0184



Based on the calculation above, the options for information bits and number of OFDM symbols are not feasible, we suggest to define the PUCCH format 3 with reasonable test parameters,
Observation 1:  Both information bits with 4 and 16 are not feasible for PUCCH format 3.

In order to meet the condition as


, if 
 the information bit should be 42 bits for 4 OFDM symbols configured. Therefore, we suggest to specify the PUCCH format 3 with the following test parameters
The block-wise spread is introduced to format 3, where spread factor with n2 and n4 can be support for single interlace. where n2 can support 2 UEs multiplexing, and n4 can support 4 UEs multiplexing. Since only single UE is considered for specifying the PUCCH requirement, the performance with different OCC length should be no different. For simplicity, we prefer to configure the OCC length is n2 same as format 4 in Rel-15

Proposal 5: Specify the PUCCH format 3 with following test parameters
· Information bits: 42
· Number of OFDM: 4
· OCC length : n2


2	Simulation assumption
In this section, the simulation assumptions for each formats are summarized as 
Format 0
	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 
	TDLA30-10

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

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



Format 1
	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
	TDLA30-10

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

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



Format 2

	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
	TDLA30-10

	OCC-Length-r16
	Not configured

	Test metric
	

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



Format 3

	Parameter
	Test 1

	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
	4

	The number of UCI information bits
	42

	Channel bandwidth
	20MHz

	SCS
	15kHz and 30kHz

	Antenna configuration
	1T2R

	Number of interlaces
	1

	Interlace index
	0Note 1

	Propagation conditions
	TDLA30-10

	Index of OCC
	n0

	Length of OCC
	n2 

	Cyclic shift index for DMRS
	0

	Test metric 
	

	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.




4	Conclusion
In this contribution, the view on PUCCH demodulation requirement for NR-U is presented.
Proposal 1: Specify the PUCCH requirement for NR-U with TDLA30-10 channel.
Proposal 2: Only apply Rel-15 test metric for PUCCH format 0 requirement as
· SNR@Prob(ACK miss)≤10^(−2)
· SNR@Prob(PUCCH DTX→Ack bits)  ≤ 10^(−2)

Proposal 3: Only apply Rel-15 test metric for PUCCH format 1 requirement as
· SNR@Prob(ACK miss)≤10^(−2)
· SNR@Prob(NACK→ACK)  ≤ 10^(−3)

Proposal 4: Specify the PUCCH format2 with following test parameters
· Information bits:  22
· OCC-Length-r16: Not configured

Observation 1:  Both information bits with 4 and 16 are not feasible for PUCCH format 3.

Proposal 5: Specify the PUCCH format 3 with following test parameters
· Information bits: 42
· Number of OFDM: 4
· OCC length : n2

Format 0
	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 
	TDLA30-10

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

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



Format 1
	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
	TDLA30-10

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

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



Format 2

	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
	TDLA30-10

	OCC-Length-r16
	Not configured

	Test metric
	

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



Format 3

	Parameter
	Test 1

	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
	4

	The number of UCI information bits
	42

	Channel bandwidth
	20MHz

	SCS
	15kHz and 30kHz

	Antenna configuration
	1T2R

	Number of interlaces
	1

	Interlace index
	0Note 1

	Propagation conditions
	TDLA30-10

	Index of OCC
	n0

	Length of OCC
	n2 

	Cyclic shift index for DMRS
	0

	Test metric 
	

	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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