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1. Introduction
The following objective is included in this work item [1]:
· Physical layer aspects including [RAN1]:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
The RF output power and PSD have conformance requirements in regulation [2]:
· The maximum spectral power density is applicable to the system as a whole when operated at the highest power spectral density level (EIRP). The maximum spectral power density shall be as indicated in Table 1.
[bookmark: _Ref61354457]Table 1: Spectral power density limit (PDL)
	Maximum spectral power density (EIRP)

	23 dBm/MHz 


· The maximum RF output power is applicable to the system as a whole when operated at the highest stated power level. For a smart antenna system, the limit applies to the configuration that results in the highest EIRP. In case of multiple (adjacent or non-adjacent) channels the total RF output power of all channels shall be less than or equal to the limits in Table 2. The maximum RF output power shall be as indicated in Table 2.
[bookmark: _Ref61354470]Table 2: RF output power limit
	Maximum power level (EIRP)

	40 dBm


In this contribution, the evaluation methodology, result analysis and the enhancement methods on the increasing of the number of RBs of PUCCH format 0/1/4 are discussed.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]Evaluation methodology for PUCCH
In this section, we provide our views on the PUCCH evaluation, including the link-level simulation assumptions and link budget template of PUCCH.
Link-level simulation assumption
For PUCCH format 0, the target error rate is provided by 1% ACK missed detection, while for PUCCH format 1, the target error rate is provided by maximum value between 1% ACK missed detection and 0.1% NACK to ACK. Moreover, the required SNR for different target error rates are different for various PUCCH patterns/formats. The detail simulation assumptions for PUCCH channel are listed in Table 3.
[bookmark: _Ref61360551]Table 3 Simulation assumptions for PUCCH evaluation
	Carrier frequency
	60 GHz

	Waveform
	CP-OFDM

	Antenna configuration
	TDL-A: 1T2R

	MIMO layer
	1

	Subcarrier spacing
	120kHz

	Delay spread
	5ns

	FFT size
	4096



Link budget template of PUCCH
In RAN1 102-e meeting [3], the evaluation assumptions were further discussed in coverage enhancement WI and the specific evaluation metric was also confirmed with following agreements. 
	Agreements:
· Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters
· [For LLS based methodology], coverage bottleneck(s) identification is performed using at least [MCL and] MIL. 
· [MCL values can also be considered to compare channels with similar antenna (and antenna array) gain]


In NR operation from 52.6GHz to 71GHz, the link budget template can be based on the single link budget template for both FR1 and FR2 mentioned in above agreement with simplification (e.g. removing some unnecessary parameters). In this way, the link budget template in Table 4 is proposed to evaluate different methods of increasing the number of RB of PUCCH. 
In Table 4, the number of PRBs indicates the nominal occupied PRBs of PUCCH. The number of REs indicates the actual occupied REs of PUCCH. The required SNR is achieved by the link-level simulation for the target error rate and PAPR is obtained from the link-level simulation. For multi-PRB based PUCCH, the P_max is calculated by PSD and occupied bandwidth. For multi-sub-PRB based PUCCH, the P_max is calculated by the PSD and the number of PRBs (for SCS no less than 120kHz). As we can see, the multi-PRB based PUCCH and multi-sub-PRB based PUCCH are expounded in section 2.2. The output power P_TX1 and P_TX2 are the minimum value between the value of the maximum RF power minus PAPR and the P_max. The maximum RF power in P_TX1 and P_TX2 are respectively 25dBm and 40dBm. The MCL is calculated by P_TX minus noise power and required SNR. The MCL can be compared for different PUCCH patterns/sequences for coverage performance. Meanwhile, the PAPR performance can be compared for different PUCCH patterns/sequences.
[bookmark: _Ref61356098]Table 4 The link budget template for PUCCH NR operation from 52.6GHz to 71GHz
	PUCCH pattern

	Subcarrier Spacing(kHz)

	(0)number of PRBs

	(0A)number of REs

	(1)Occupied bandwidth for uplink (MHz)

	(2)Noise level, Np (dBm)  = -174+10*LOG10((1))

	(3)Required SNR (dB)

	(4)P_max (dBm) = 23+10*LOG10((1)) for multi-PRB OR =23+10*LOG10((0)) for mutlti-sub-PRB((for SCS no less than 120kHz))

	(5)PAPR (dB)

	(6)P_TX1 (dBm) =  MIN(25-(5),(4) )

	(7)MCL1 (dB)=((6)-(2)-(3))

	(6A)P_TX2 (dBm) = MIN(40-(5),(4))

	(7A)MCL2 (dB) = ((6A)-(2)-(3))


[bookmark: _Ref61447807]Proposal 1: Adopt the link budget template in Table 4 to evaluate the different methods of increasing the number of PUCCH RBs.
Enhancement on PUCCH format 0/1
In order to increase the number of RBs for PUCCH format 0/1 under PSD limitation in shared spectrum operation, we provide two alternatives: 
· Alt 1: The PRBs are continuous and the REs are occupied fully within the PRBs. ->multi-PRB based PUCCH
· Alt 2: The PRBs are continuous and the REs are occupied partially within the PRBs. ->multi-sub-PRB based PUCCH
We evaluate the multi-PRB based PUCCH and multi-sub-PRB based PUCCH in the following cases in Table 5, the figures demonstrate the resource allocation in frequency domain within one OFDM symbol for PUCCH format 0/1:
[bookmark: _Ref61452065]Table 5 The cases of PUCCH evaluation
	Case 
	Figure
	Note

	Case 0-0
	[image: ]
	The PUCCH occupies one whole PRB. The length of sequence is 12.

	Case 0-1
	[image: ]
	The PUCCH occupies two whole PRBs. The length of sequence is 12.

	Case 1-1
	[image: ]
	The PUCCH occupies 6 PRBs and every PRB includes 2 REs with lowest index. The length of sequence is 12.

	Case 1-2
	[image: ]
	The PUCCH occupies 2 PRBs and every PRB includes 6 REs with lowest index. The length of sequence is 12.

	Case 2
	[image: ]
	The PUCCH occupies 6 PRBs and every PRB includes 2 REs with different indexes. The length of sequence is 12.

	Case 3/ Case 4
	[image: ]
	The PUCCH occupies 12 PRBs and every PRB includes 2 REs with lowest index. 
For case 3, the length of sequence is 12 so that the sequence will repeat twice within 24 REs.
For case 4, the length of sequence is 12 so that the sequence will cylic shift twice within 24 REs.


	Case 5
	[image: ]
	The PUCCH occupies 2 PRBs and every PRB includes 6 REs with lowest index. The length of sequence is 6 so that the sequence will repeat twice within 12 REs.


The evaluation results for the above cases are provided in Table 6 for PUCCH format 0 and Table 7 for PUCCH format 1. As we observe from the comparison of MCL1, the increasing number of RBs (case 0-1 ~ case 5) has better coverage performance than case 0-0 when the maximum RF output power is 40dBm. While from the comparison of MCL2, the increasing number of RBs (case 0-1 ~ case 5) does not have better coverage performance than case 0-0when the maximum RF output power is 25dBm.
Observation 1: For PUCCH format 0/1, the increasing number of RBs has better coverage performance when the maximum RF output power is 40dBm.
Observation 2: For PUCCH format 0/1, the increasing number of RBs does not have better coverage performance when the maximum RF output power is 25dBm.
Moreover, comparing the required SNR, P_TX2, noise power(Np) and MCL2 of case 0-0 with that of case 0-1, it is observed that and the increasing value of P_TX2 is the same as that of the noise power, and the difference value of required SNR is the same as the difference value of the MCL2. We can infer that case 0-1 with multi-PRB based PUCCH has better coverage performance than case 0-0 with 1 PRB PUCCH because of the lower required SNR instead of the increasing power.
Observation 3: For PUCCH format 0/1, the case 0-1 with multi-PRB based PUCCH has better coverage performance than case 0-0 with 1 PRB PUCCH because of the lower required SNR instead of the increasing power when the maximum RF output power is 40dBm.
Furthermore, comparing the PAPR and MCL2 of case 1-2 and case 2 with that of case 0-1, the PAPR of case 1-2 and case 2 is lower than that of case 0-1, and the MCL2 of case 1-2 and case 2 is larger than that of case 0-1. Therefore, the case 1-1 and case 2 with multi-sub-PRB based PUCCH have better PAPR performance and meanwhile better coverage performance than the case 0-1 with multi-PRB based PUCCH. 
Observation 4: For PUCCH format 0/1, the case 1-1 and case 2 with multi-sub-PRB based PUCCH have better PAPR performance and meanwhile better coverage performance than the case 0-1 with multi-PRB based PUCCH.
Similarly, comparing the PAPR and MCL2 of case 3, case 4, case 5 with that of case 0-1, it is obviously observed that the case 3 and case 4 with multi-sub-PRB based PUCCH have much better coverage performance than the case 0-1 with multi-PRB based PUCCH meanwhile with minor difference on PAPR performance, and the case 5 with multi-sub-PRB based PUCCH has minor difference on PAPR performance and coverage performance compared with the case 0-1 with multi-PRB based PUCCH.
Observation 5: For PUCCH format 0/1, the case 3 and case 4 with multi-sub-PRB based PUCCH have much better coverage performance than the case 0-1 with multi-PRB based PUCCH meanwhile with minor difference on PAPR performance. 
Observation 6: For PUCCH format 0/1, the case 5 with multi-sub-PRB based PUCCH has minor difference on PAPR performance and coverage performance compared with the case 0-1 with multi-PRB based PUCCH.

[bookmark: _Ref61372838]Table 6 Link budget for PUCCH format 0
	Case
	case0-0
	case0-1
	case1-1
	case1-2
	case 2
	case 3
	case 4
	case 5

	Subcarrier Spacing(kHz)
	120
	120
	120
	120
	120
	120
	120
	120

	(0)number of PRBs
	1
	2
	6
	2
	6
	12
	12
	2

	(0A)number of REs
	12
	24
	12
	12
	12
	24
	24
	12

	(1)System bandwidth for downlink, or occupied bandwidth for uplink (MHz)
	
1.44
	
2.88
	
1.44
	
1.44
	
1.44
	
2.88
	
2.88
	
1.44

	(2)Noise level, Np (dBm)=-174+10*LOG10((1))
	-112.42
	-109.41
	-112.42
	-112.42
	-112.42
	-109.41
	-109.41
	-112.42

	(3)Required SNR (dB)
	5.80
	3.50
	5.50
	5.80
	5.50
	2.50
	2.60
	5.80

	(4)P_max (dBm)=23+10*LOG10((1)) OR =23+10*LOG10((0))
	24.58
	27.59
	30.78
	26.01
	30.78
	33.79
	33.79
	26.01

	(5)PAPR (dB)
	2.47
	5.48
	2.99
	4.00
	3.00
	5.96
	5.19
	5.29

	(6)P_TX1 (dBm) =MIN(25-(5),(4) )
	22.53
	19.52
	22.01
	21.00
	22.00
	19.04
	19.81
	19.71

	(7)MCL1 (dB)=((6)-(2)-(3))
	129.14
	125.42
	128.92
	127.62
	128.91
	125.94
	126.62
	126.33

	(6A)P_TX2 (dBm)=MIN(40-(5),(4))
	24.58
	27.59
	30.78
	26.01
	30.78
	33.79
	33.79
	26.01

	(7A)MCL2 (dB)=((6A)-(2)-(3))
	131.20
	133.50
	137.70
	132.63
	137.70
	140.70
	140.60
	132.63


[bookmark: _Ref61372843]Table 7 Link budget of PUCCH format 1 
	Case
	case0-0
	case0-1
	case1-1
	case1-2
	case 2
	case 3
	case 4
	case 5

	Subcarrier Spacing(kHz)
	120
	120
	120
	120
	120
	120
	120
	120

	(0)number of PRBs
	1
	2
	6
	2
	6
	12
	12
	2

	(0A)number of Res
	12　
	24　
	　12
	12　
	12　
	24　
	24　
	12

	(1)System bandwidth for downlink, or occupied bandwidth for uplink (MHz)
	
1.44
	
2.88
	
1.44
	
1.44
	
1.44
	
2.88
	
2.88
	
1.44

	(2)Noise level, Np (dBm)=-174+10*LOG10((1))
	-112.42
	-109.41
	-112.42
	-112.42
	-112.42
	-109.41
	-109.41
	-112.42

	(3)Required SNR (dB)
	-5.00 
	-7.50 
	-5.00 
	-4.50 
	-4.50 
	-7.30 
	-7.50 
	-4.60 

	(4)P_max (dBm)=23+10*LOG10((1)) OR =23+10*LOG10((0))
	24.58
	27.59
	30.78
	26.01
	30.78
	33.79
	33.79
	26.01

	(5)PAPR (dB)
	2.49
	5.51
	3.01
	4.03
	3.01
	5.97
	5.19
	5.29

	(6)P_TX1 (dBm) =MIN(25-(5),(4) )
	22.51
	19.49
	21.99
	20.97
	21.99
	19.03
	19.81
	19.71

	(7)MCL1 (dB)=((6)-(2)-(3))
	139.93 
	136.40 
	139.41 
	137.89 
	138.91 
	135.74 
	136.72 
	136.73 

	(6A)P_TX2 (dBm)=MIN(40-(5),(4))
	24.58
	27.59
	30.78
	26.01
	30.78
	33.79
	33.79
	26.01

	(7A)MCL2 (dB)=((6A)-(2)-(3))
	142.00 
	144.50 
	148.20 
	142.93 
	147.70 
	150.50 
	150.70 
	143.03 


Based on the above discussions and observations, the following proposals are made:
[bookmark: _Ref61447810]Proposal 2: Support multi-sub-PRB based PUCCH format 0/1 for power boosting and coverage enhancement for NR operation from 52.6-71GHz.
[bookmark: _Ref61447811]Proposal 3: The RE and sequence mapping pattern of multi-sub-PRB based PUCCH needs further study. 
Enhancement on PUCCH format 4
[bookmark: PP12]Similarly, for PUCCH format 4, multi-PRB or multi-sub-PRB based PUCCH can be adopted to increase the number of PUCCH RBs, which needs further evaluation as well as the RE and sequence mapping pattern.
[bookmark: _Ref61894521]Proposal 4: For PUCCH format 4, multi-PRB or multi-sub-PRB based PUCCH need further evaluation as well as the RE and sequence mapping pattern.
Even though the block-wise spreading formula for PUCCH 4 is also applied for interlace-based PUCCH format 3, which means the formula also supports PUCCH formats with multiple PRBs, the related parameter needs to be changed. Specifically, for PUCCH format 4,   with  representing the bandwidth of the PUCCH in terms of resource blocks. In NR Release 16,  for PUCCH format 4 and . In order to support enhancement for PUCCH format 4 to increase the number of RBs under PSD limitation in shared spectrum operation, we consider , and ,  where . Then the block-wise spreading applies with the NR release 16 spec: 

[bookmark: OLE_LINK1]Therefore, the parameter related to block-wise spreading of PUCCH format 4 is dependent on the number of RBs and the number of REs in each RB.
[bookmark: _Ref61451321]Proposal 5: The parameter related to block-wise spreading for PUCCH format 4 is dependent on the number of RBs and the number of REs in each RB.
3. Conclusion
In this contribution, we focus on the evaluation methodology, result analysis and the enhancement methods on the increasing of the number of RBs of PUCCH format 0/1/4, and have the following observations and proposals:
Observation 1: For PUCCH format 0/1, the increasing number of RBs has better coverage performance when the maximum RF output power is 40dBm.
Observation 2: For PUCCH format 0/1, the increasing number of RBs does not have better coverage performance when the maximum RF output power is 25dBm.
Observation 3: For PUCCH format 0/1, the case 0-1 with multi-PRB based PUCCH has better coverage performance than case 0-0 with 1 PRB PUCCH because of the lower required SNR instead of the increasing power when the maximum RF output power is 40dBm.
Observation 4: For PUCCH format 0/1, the case 1-1 and case 2 with multi-sub-PRB based PUCCH have better PAPR performance and meanwhile better coverage performance than the case 0-1 with multi-PRB based PUCCH.
Observation 5: For PUCCH format 0/1, the case 3 and case 4 with multi-sub-PRB based PUCCH have much better coverage performance than the case 0-1 with multi-PRB based PUCCH meanwhile with minor difference on PAPR performance.
Observation 6: For PUCCH format 0/1, the case 5 with multi-sub-PRB based PUCCH has minor difference on PAPR performance and coverage performance compared with the case 0-1 with multi-PRB based PUCCH.
Proposal 1: Adopt the link budget template in Table 4 to evaluate the different methods of increasing the number of PUCCH RBs.
Proposal 2: Support multi-sub-PRB based PUCCH format 0/1 for power boosting and coverage enhancement for NR operation from 52.6-71GHz.
Proposal 3: The RE and sequence mapping pattern of multi-sub-PRB based PUCCH needs further study.
Proposal 4: For PUCCH format 4, multi-PRB or multi-sub-PRB based PUCCH need further evaluation as well as the RE and sequence mapping pattern.
Proposal 5: The parameter related to block-wise spreading for PUCCH format 4 is dependent on the number of RBs and the number of REs in each RB.
4. Appendix
[image: ]
Figure 1	ACK missed performance for PUCCH format 0

[image: ]
Figure 2  ACK missed performance for PUCCH format 1
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