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 Introduction
[bookmark: OLE_LINK3]In 3GPP RAN1 #104-e meeting, enhancements of PUCCH about studying on supporting NR from 52.6 GHz to 71GHz was discussed and some agreements were made [1]:
[bookmark: _Hlk63407597][bookmark: _Hlk58524207]Agreement:
Tables 1, 2, and 3 in Section 2.3 of R1-2102127 are agreed as a common set of assumptions for link level simulations and link budget calculations for evaluating enhancements to PUCCH formats 0/1/4 
Note: Other parameters can be additionally considered in the evaluations
Agreement:
For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120/480/960 kHz SCS, support allocation of N_RB contiguous RBs
· FFS: Values of N_RB for each SCS
· For 480/960 kHz SCS, all REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· For 120 kHz SCS, further discuss the following two alternatives:
· Alt-1: All REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· Alt-2: Subset of REs within each RB are mapped (sub-PRB interlaced mapping)
Agreement:
· The configured number of RBs for enhanced PF 0/1/4 is denoted NRB
· The minimum value of NRB is 1 for PF 0/1/4 for all subcarrier spacings
· The maximum value of NRB depends on subcarrier spacing
· FFS: maximum value for each SCS and each of PF0/1/4
· FFS: Allowed values of NRB within the [min/max] range
· FFS: Details of indication of NRB by cell-specific (for PF0/1) and dedicated signaling (PF0/1/4)
· FFS: Whether or not multiplexing of users with misaligned RB allocations is supported, where "misaligned" also includes users with different # of RBs.
· For PF4:
· The actual number of RBs used for a PUCCH transmission is equal to NRB, i.e., the actual number of RBs does not vary dynamically based on PUCCH payload
· NRB fulfils the following:  where  is a set of non-negative integers
· Note: if frequency hopping is enabled, NRB is the number of RBs per hop
· Note: decisions on the maximum value of NRB for each SCS and PUCCH format shall take into account link budgets based at least on the agreed evaluation assumptions
Agreement:
· For enhanced PF0/1, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives:
· Alt-1: A single sequence of length equal to the total number of mapped REs of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· Alt-2: A single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact
Agreement:
· For DMRS of enhanced PF4, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives for sequence construction:
· Alt-1: A single sequence of length equal to the total number of mapped Res of of the PUCCH resource is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4.
· Alt-2: A single sequence of length equal to the number of mapped Res per PRB of the PUCCH resource is used, and the sequence is repeated in each PRB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact
Agreement:
· For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 as defined for Rel-16 PF4
· Further study the following and decide in RAN1#104-b:
· Whether or not additional OCC lengths are supported
· Down-select to one of the following alternatives for blockwise spreading
· Alt-1: Blockwise spreading is performed across all allocated RBs
· Alt-2: Blockwise spreading and DFT is performed per-RB followed by per-RB PAPR/CM reduction mechanism.
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact
In this contribution, we analysis the PRB number and provide some evaluation results based on the simulation assumption in agreements. Upon the simulation results, we provide our views and proposals about the enhancement of PUCCH format 0/1 and 4 in above 52.6GHz band.
 Analysis on the RB number and resource mapping 
For PUCCH format 0/1, the waveform is CP-OFDM, no constraint is imposed on the PRB number. However, for PUCCH format 4, DFT-s-OFDM waveform is adopted, and the PRB number should fulfill the “2, 3, 5” rule. And the most important factor for the determination of PRB is the ETSI mandatory.
As is well known, different regions have different PSD and EIRP limitation, even in the same region, the PSD and EIRP regulatory may be different for different frequency band. So the maximum PRB numbers supported maybe various. And in view of the numerology, same system bandwidth has different maximum number of PRB. In the RAN1#104-e meeting, many companies calculated the PRB number required based on the PSD and EIRP regulatory. When beamforming gain is not considered, according to the limitation of “maximum PSD with 23dBm/MHz and maximum EIRP equal to 40dBm”, the bandwidth allocated to PUCCH should be 50MHz, and the maximum number of PRB for 120kHz, 480kHz and 960kHz are 35, 9, 5 respectively. If antenna gain is taken into account, the bandwidth and PRB number can be reduced. Furthermore, according to the link budget calculation for MIL, the PRB number can be further reduced for smaller SCS with longer sequence length and lower code rate.
Based on the discussion above, the PRB allocated for PUCCH should be no larger than the maximum PRB number of the system bandwidth. And the determination of PRB number should take the link level performance and link budget for reference.
With regard to the indication of the PRB number for dedicated PUCCH, the PRB number is configured flexibly in RRC parameter in rel-15 and rel-16 . The enhanced PUCCH format 0/1 and 4 can reuse the same method in above 52.6GHz band, i.e. adding a parameter nrofPRBs. Thus the allowed values of N_RB within the [min/max] range can be flexible.
Proposal 1: The PRB number for PUCCH should take waveform, numerology, system bandwidth, EIRP and link budget into account. The max value of N_RB can be the maximum PRB in the system bandwidth. The allowed values of N_RB within the [min/max] range can be flexible.
In this contribution, we take the case of PSD equal to 23dBm/MHz, and EIRP equal to 40dBm as an example to evaluate the PRB number, and the beamforming gain is not considered. Thus for PUCCH format 0/1 the PRB number for 120 kHz, 480 kHz and 960 kHz are 35, 9, 5 respectively. And for PUCCH format 4, considering the “2, 3, 5” rule, the PRB number for 120 kHz can be set to 32.
For multi-RB PUCCH format 0/1/4 in 52.6GHz-71GHz, the bandwidth of one PRB for SCS 960kHz, 480kHz, and 120kHz are all above 1MHz. And the OCB requirements are relaxed. According to the agreement in RAN1#104-e, at least for 960kHz/480kHz, contiguous RB mapping are supported. For SCS of 120kHz, some companies proposed to support sub-PRB mapping for SCS of 120kHz, but the benefits are not clear. Furthermore, in order to keep the uniform design, we prefer consecutive PRB mapping.
Proposal 2: In 52.6GHz-71GHz frequency band, PUCCH should map into all REs within the PRBs allocated 

 Enhancement for PUCCH format 0/1
In RAN1#104-e, low PAPR sequence type1 was supported. And the following two alternatives are evaluated. 
· Alt-1: A single sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· Alt-2: A single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
Both of the two alternatives are evaluated according to TS 38.211. For Alt1, it’s a long sequence, and the length of the sequence is equal to the total REs in the PRB allocated for the PUCCH. Actually when the number of PRB is larger than 2, it’s a zadoff-chu sequence. For Alt2, it’s equivalent to repetition of a short sequence of length 12, but the cyclic shifts for each PRB is different. In this contribution, we use a step of 5 cyclic shift for each PRB similar as in NR-U interlaced PUCCH format 0/1.
In this section, we calculate the CM for different number of PRBs. And the MIL is also provided based on the CM and link level results.
3.1 CM calculation for PUCCH format 0/1
In Figure 1, the CM values for the two alternatives are provided for PRB number from 3~40. And for SCS equal to 120kHz, the sequence is mapped in the all REs within each RB.We can see that the CM of Alt1 fluctuates in a small range of about 1dB for different PRB numbers.. However, the CM value of Alt2 fluctuates wildly, especially when the number of PRB is larger than 22, the CM value increases with the PRB number rapidly. In addition, for the PRB number 9~22, the CM of Alt2 is no larger than that of Alt1.
[image: ]
Figure 1. CM comparison of the two alternatives
In order to compare the CM of the two alternatives, we also list the CM in the following table.
Table 1: CM values for different number of PRBs
	# of PRBs
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Alt1
	1.33 
	2.16 
	2.18 
	2.24 
	2.30 
	1.59 
	2.26 
	1.85 
	2.33 
	2.08 
	2.09 
	2.31 
	2.31 
	2.31 

	Alt2
	3.61 
	3.85 
	3.66 
	3.21 
	2.81 
	2.38 
	2.21 
	1.86 
	1.68 
	1.49 
	1.09 
	0.99 
	1.16 
	1.53 


Continued from table1：
	# of PRBs
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28

	Alt1
	2.01 
	2.14 
	2.29 
	2.30 
	2.30 
	2.29 
	1.89 
	2.19 
	2.14 
	2.29 
	2.08 
	2.25 

	Alt2
	1.82 
	2.00 
	2.06 
	2.11 
	2.22 
	2.24 
	2.32 
	2.34 
	2.47 
	2.62 
	2.82 
	3.07 


Continued from table1：
	# of PRBs
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	Alt1
	2.37 
	2.24 
	2.22 
	2.38 
	2.17 
	1.86 
	2.39 
	2.28 
	2.38 
	2.15 
	2.37 
	2.29 

	Alt2
	3.28 
	3.45 
	3.54 
	3.63 
	3.74 
	3.81 
	3.90 
	3.97 
	4.11 
	4.25 
	4.40 
	4.57 


Observation 1: When PRB number is 9~22, Alt2 with a cyclic shift step of 5 for each PRB has lower CM than that of Alt1 (ZC sequence); when PRB number is smaller than 9 or larger than 22, Alt1 outperforms Alt2.
Based on the analysis above, considering the flexible range of PRB value for the sequence choice for PUCCH format 0/1, Alt1 has an advantage over Alt2.
3.2 link budget for PUCCH format 0/1
Given the lower CM of Alt-1for most cases, for the link budget of PUCCH format 0/1, the Alt1 sequence is evaluated. The simulation parameter is according to Table 1 in Appendix. And the PRB number for SCS 960 kHz, 480 kHz and 120kHz are 5, 9, 35 respectively. It should be noticed that the PRB number configuration is based on the Europe criterion, and beamforming gain is not considered.

[image: ]
Figure 2. MIL for different SCS and delay spread
It can be seen in Figure 2, with the PRB configured, the MIL of the three SCS are all above 140dB, and the MIL for 120kHz SCS with 35 or 32 PRB is largest. Although the bandwidth for the three SCSs are the same, the MIL are different. This is because the sequence length for the three SCS configuration is different. And the longer the sequence, the better the coverage. The MIL of 120 kHz with 35 PRB is close to that of 32 PRB. If beamforming gain is considered, the maximum PRB number could be further reduced to satisfy the maximum value of EIRP.
Observation 2: Under the same EIRP limitation, smaller SCS with the same bandwidth has better coverage.
Proposal 3: Regarding the PUCCH format 0/1 sequence type selection, Alt1 (a single long sequence) is preferred
3.3 Multiplexing of users for PUCCH format 0/1
For PUCCH format 0/1 with one PRB or interlace structure, cyclic shifts are used to multiplex different UEs in the same time and frequency domain, the PRB is always aligned in such cases. For enhanced PUCCH format 0/1 in 52.6GHz frequency band, the PRB number will be larger than 1. In RAN1#104-e, some companies mentioned that there might be problem of PRB misalignment when multiplexing more than one UE. It is assumed 2 kinds of misalignment, 1) different number of PRB configured to UE with different capability or UL coverage, 2) the starting PRB may be misaligned.
While in the same region, for the same frequency band and SCS, PSD and EIRP regulatory is same, at least the PRB number required for same type of UE is same. Regarding the case of PRB misalignment, from the theoretical perspective, the correlation especially the cross correlation will be destroyed, and the detection performance will be degraded more or less. It is also proposed to use the repetition of sequence with length 12 for PUCCH format 0/1. But according to the CM evaluation in section 3.1, with the short sequence repeat to long sequence has higher CM which will affect the coverage. Since there are 12 cyclic shifts, the capacity of UE multiplexing is enough. Thus we prefer to not multiplexing users with misaligned PRB.
We evaluate the case of only one PRB overlapped, the simulation results are shown in Figure 3.From which, it is observed that one PRB misalignment has little effect on the performance.
[image: ]
Figure 3. 2 users with one RB misaligned for PUCCH format 0
Furthermore, the problem of misalignment can be left to gNB implementation, when the channel condition is fine, or if the number of PRB overlapped is small, multiplexed UEs with PRB misalignment can be detected.
Proposal 4: PRB misalignment issue for PUCCH format 0/1 can be left to gNB implementation.
 Enhancement for PUCCH format 4
For PUCCH format 4, the topic focus on the DFT, OCC, DMRS. And the performance metric is also CM and link level budget. Since the waveform of PUCCH format 4 is DFT-s-OFDM, the PRB number should obey the “2, 3, 5” rule. Thus, for SCS 120 kHz, we consider to set the maximum PRB number to 32 instead of 35. 
As for the DMRS of PUCCH format 4, according to the agreements in RAN1#104-e, there are two alternatives:
· Alt-1: A single sequence of length equal to the total number of mapped Res of of the PUCCH resource is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4.
· Alt-2: A single sequence of length equal to the number of mapped Res per PRB of the PUCCH resource is used, and the sequence is repeated in each PRB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
The two alternatives are similar as sequence types for PUCCH format 0/1. And based on the CM calculation listed in section 3.1, Alt-1 outperforms Alt-2. Besides, Alt1 is the current DMRS generation method for PUCCH format 4 in rel-15 and rel-16. So we prefer Alt-1 as the DMRS for PUCCH format 4.

4.1 CM calculation for PUCCH format 4
According to the agreement in RAN1#104-e, there are two alternatives for DFT scheme and block wise spreading:
· Alt-1: Blockwise spreading is performed across all allocated RBs
· Alt-2: Blockwise spreading and DFT is performed per-RB followed by per-RB PAPR/CM reduction mechanism.

For Alt1, both the DFT and block wise spreading are across all the allocated RBs, which is similar to interlaced PUCCH format 3 in rel-16. For Alt2, both the DFT and block wise spreading are operated per PRB. In this section, we list the CM values for the two alternatives with OCC length 2 and 4 in Table 2 and 3 respectively. And in our simulation, the DMRS for PUCCH format 4 is rel-15 low PAPR sequence type1.
Table 2: CM values for different number of PRBs with Nsf=2
	# of PRBs
	5
	9
	32

	UCI payload size
	4
	11
	22
	4
	11
	22
	4
	11
	22

	Alt1
	1.69
	1.80
	1.79
	1.32
	1.36
	1.37
	1.13
	1.23
	1.23

	Alt2
	3.61
	3.79
	3.78
	3.69
	3.78
	3.81
	6.17
	6.19
	6.17


Table 3: CM values for different number of PRBs with Nsf=4
	# of PRBs
	5
	9
	32

	UCI payload size
	4
	11
	22
	4
	11
	22
	4
	11
	22

	Alt1
	1.85 
	1.91 
	1.91 
	1.35 
	1.49 
	1.49 
	1.10
	1.28 
	1.29

	Alt2
	3.65 
	4.12 
	3.94 
	4.33 
	4.08 
	4.13 
	9.49
	9.40
	9.68


From the Tables listed above, we can see that Alt1 outperforms Alt2. Besides, Alt 1 has less spec impact compared to Alt2, so  Alt1 is preferable. And in the next section, we evaluate the link level simulation using Alt1.
Observation 3: Regarding the block wise spreading for PF4, Alt1 has lower CM value and less spec impact than Alt2.
Proposal 5: Alt1 with the DFT and block wise spreading across all allocated PRBs should be selected for PUCCH format 4.
4.2 Link budget for PUCCH format 4
For PUCCH format 4, the simulation parameters are listed in Table 1. And the rel-15 low PAPR sequence tyep1 is as assumed for DMRS. The OFDM symbols occupied by PUCCH format 4 is 4. The MIL for Nsf=2 and Nsf=4 with different SCS and UCI payload are shown in Figure 4 and 5.
[image: ]
Figure 4. MIL of PUCCH format 4 with OCC length 2.
[image: ]
Figure 5. MIL of PUCCH format 4 with OCC length 4.
It can be seen in Figure 4 and 5, with the SCS equal to 120kHz, MIL(for OCC length 2 and 4) is the largest for different delay spread, i.e. 5 ns ,10 ns or 20ns. This is because with similar occupied bandwidth, smaller SCS has more REs, resulting in lower code rate and larger coverage, which is similar in sequence based PUCCH format 0/1. It means that sequence length and coding gain can also improve the coverage except for bandwidth extension. Therefore the PRB number can be reduced at least for 120 kHz if coverage is satisfied. And for 960 kHz SCS configuration with OCC length 4 and delay spread of 20 ns, the BLER can’t reach 0.01. So maybe OCC length 2 or no OCC can be used for PUCCH format 4 with large SCS under poor channel condition.
Observation 4: With similar bandwidth, the MIL of smaller SCS with longer sequence and lower code rate is larger than that of larger SCS.
Observation 5: OCC length 4 has poorer performance compared with OCC length 2.
Proposal 6: For PUCCH format 4, at least for larger SCS, UE multiplexing under poor channel condition is not supported.
Proposal 7: Reuse the same deign of DMRS as in rel-15 for PUCCH format 4, no additional OCC is supported.
4.3 Multiplexing of users for PUCCH format 4
For PUCCH format 4, up to 4 users can be multiplexed on the same resource theoretically. But as discussed in section 4.2, for SCS equal to 960 kHz using OCC length 4 with delay spread of 20 ns, the BLER performance degrades compared to OCC length 2. So at least for large SCS, maybe the number of multiplexing of users can be reduced or not to support UE multiplexing. In Figure 6, we provide the link level performance for PUCCH format 4 with one PRB overlapped. In our simulation, the DMRS sequence is rel-15 low PAPR sequence type1.
[image: ]
Figure 6. PUCCH format 4 with OCC length 2.
From Figure 6, we can see even one PRB overlapped, the performance degrade comparing only one UE scheduled. The bandwidth is sufficient in above 52.6GHz, and up to 2 or 4 users can be multiplexed. So at least for large SCS, we suggest not to support user multiplexing. Or it can be considered as an implementation up to gNB. 
Proposal 8: For PUCCH format 4, PRB misalignment issue can be left to gNB implementation.
 Enhancement for rel-17 PUCCH before RRC connected
As discussed above, the number of PRB for PUCCH format 0/1 in 52.6 GHz band should be increased comparing only one PRB in low frequency band. And the number of PRB should be configured for different SCSs respectively. In NR-U, interlace structure was introduced, the PRB number is fixed as 10 or 11. It is by adding starting OFDM symbols or OCC to resolve the collision problems for PUCCH resource set before RRC connected. And the PRB offset in the table is reinterpreted as interlace index offset.
In 52.6 GHz band, the similar method in NR-U can be used for reference. Firstly the resource unit is a group of PRB or is a RB set, therefore the parameters in the calculation [image: ] and [image: ]for RB set should be modified. And in case of resource collision for more PRBs allocation, additional starting OFDM symbols, cyclic shifts or OCC can be considered.
[bookmark: _GoBack]Proposal 9: If the resource for cell-specific PUCCH were overlapped, similar solution in NR-U can be considered, and the resource unit could be RBG or RB set.
 Conclusion
In this contribution, we discuss the enhancement for PUCCH format 0/1/4 above 52.6 GHz band and have the following observations and proposals.
Observation 1: When PRB number is 9~22, Alt2 with a cyclic shift step of 5 for each PRB has lower CM than that of Alt1 (ZC sequence); when PRB number is smaller than 9 or larger than 22, Alt1 outperforms Alt2.
Observation 2: Under the same EIRP limitation, smaller SCS with the same bandwidth has better coverage.
Observation 3: Regarding the block wise spreading for PF4, Alt1 has lower CM value and less spec impact than Alt2.
Observation 4: With similar bandwidth, the MIL of smaller SCS with longer sequence and lower code rate is larger than that of larger SCS.
Observation 5: OCC length 4 has poorer performance compared with OCC length 2.
Proposal 1: The PRB number for PUCCH should take waveform, numerology, system bandwidth, EIRP and link budget into account. The max value of N_RB can be the maximum PRB in the system bandwidth. The allowed values of N_RB within the [min/max] range can be flexible.
Proposal 2: In 52.6GHz-71GHz frequency band, PUCCH should map into all REs within the PRBs allocated 
Proposal 3: Regarding the PUCCH format 0/1 sequence type selection, Alt1 (a single long sequence) is preferred.
Proposal 4: PRB misalignment issue for PUCCH format 0/1 can be left to gNB implementation.
Proposal 5: Alt1 with the DFT and block wise spreading across all allocated PRBs should be selected for PUCCH format 4.
Proposal 6: For PUCCH format 4, at least for larger SCS, UE multiplexing under poor channel condition is not supported.
Proposal 7: Reuse the same deign of DMRS as in rel-15 for PUCCH format 4, no additional OCC is supported.
Proposal 8: For PUCCH format 4, PRB misalignment issue can be left to gNB implementation.
Proposal 9: If the resource for cell-specific PUCCH were overlapped, similar solution in NR-U can be considered, and the resource unit could be RBG or RB set.
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 Appendix
Table 1: Simplified Evaluation Assumptions
	Assumptions
	Value

	Carrier Frequency [GHz]
	60 GHz

	Subcarrier Spacing [kHz]
	120, 480, 960 kHz

	Number of usable RBs per carrier
	256 for 120 kHz SCS (corresponds to ~400 MHz carrier)
256 for 480 kHz SCS (corresponds to ~1600 MHz carrier)
160 for 960 kHz SCS (corresponds to ~2000 MHz carrier)
 
Note: If other values used, companies to report values

	PUCCH Frequency Hopping
	On

	PUCCH Frequency Domain Resource Mapping
	N_RB = 5 for SCS 960kHz contiguous RBs per hop (with all REs allocated per PRB)
N_RB = 9 for SCS 4800kHz contiguous RBs per hop (with all REs allocated per PRB)
For PUCCH format 0/1,N_RB =35for SCS 120kHz contiguous RBs per hop (with all REs allocated per PRB),and ,N_RB =32 for PUCCH format 4.
Note: If alternative RE allocation per PRB is used, companies to report details

	Waveform
	CP-OFDM for PF0/1
DFT-s-OFDM for PF4

	CP Type
	Normal CP

	Channel Model
	TDL-A model as defined in of TR38.901 Section 7.7.2:
- Delay spread (DS) = {5ns, 10ns, 20ns} 
- Optional: DS = 40ns

	BS Antenna Configuration (Mg,Ng,M,N,P)
	{1,1,1,1,2}

	UE Antenna Configuration (Mg,Ng,M,N,P)
	{1,1,1,1,1}

	Mobility
	3 km/hr

	PA Model
	None

	gNB TRP PN Model
	Zero phase noise

	UE PN Model
	Zero phase noise

	Pre-loaded Tx EVM
	0%

	Additive Rx EVM
	0%

	I-Q Imbalance
	None

	Frequency Offset
	0 ppm

	Channel Estimation
	Realistic channel estimation



Table 2: Reporting metrics
	Parameter
	Value
	Notes

	PUCCH Format
	
	PF0, PF1, PF4

	Subcarrier spacing, SCS [kHz]
	
	SCS = {120, 480, 960} kHz

	Frequency hopping details
	
	Frequency offset between hops,

	Number of RBs used per hop (N_RB)
	
	N_RB contiguous RBs per hop

	PUCCH bandwidth per hop, BW [MHz]
	
	BW = N_RB * 12 * SCS / 1e6

	Number of OFDM symbols used for PUCCH resource
	
	1 or 2 for PF0
{4 .. 14} for PF1/4

	Sequence construction details
	
	Sequence type for PF0/1
Sequence type for DMRS of PF4

	OCC configuration details
	
	Applicable for PF1, PF4


	Cyclic shift configuration details
	
	For PF0/1
For DMRS of PF4

	Number of multiplexed users, e.g., by code division, if applicable
	
	1 user

Note: Companies to report if other cases if evaluated

	PUCCH payload encoder type
	
	Reed Muller or Polar for PF4

	PUCCH payload size(s) (bits)
	
	If multiple payload sizes evaluated, then maximum isotropic loss (see calculation below) to be reported for each PUCCH payload size

	PUCCH encoding rate(s)
	
	Applicable for PF4
If multiple payload sizes evaluated, encoding rates to be reported for each payload size

	Required SNR (dB)
	
	Required SNR needed to fulfil detection criterion, from link level simulations based on Table 1 (see Notes (1) and (2) at bottom of table for definition of detection criteria for PF 0/1/4).

	Cubic Metric, CM (dB)
	
	Reported value is the 95th percentile, i.e., the CM for which 95% of all sequences of the design fall below

	UE Tx Beamforming gain (dBi)
	
	TxBF = 6 dBi

Notes:
(1) TxBF includes antenna element gain
(2) If other TxBF value(s) used, companies to report value(s)

	BS Rx Beamforming gain (dBi)
	
	RxBF = 20 dBi

Notes:
(1) RxBF includes antenna element gain
(2) If other RxBF value(s) used, companies to report value(s)

	UE Power Limitations
	
	Maximum EIRP:
UE_EIRP = 25 dBm

Maximum conduced power (prior to consideration of backoff):
UE_P = 21 dBm
 
Optional:
- UE_EIRP = 40dBm
- UE_P = 21 dBm

Note: Companies to report if other cases evaluated

	Pmax (dBm)
	
	Maximum allowed conducted power considering combined limit per region (from Table 3).

Note:Companies should report if Pmax is considered per region or a combined limit is considered across multiple regions

	Backoff (dB)
	
	Power backoff is equal to the cubic metric, CM

Note: If cubic metric is not used, information on the backoff metric used should be provided.

	Transmit power, P_TX (dBm)
	
	Maximum allowed transmit power including UE power limitation and backoff

P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – Backoff)

	Noise power, P_N (dBm)
	
	BS Noise Figure, NF = 7 dB
Noise PSD = -174 dBm/Hz

P_N = Noise PSD + 10*log10(BW * 1e6) + NF

Note: BW is the PUCCH bandwidth per hop in MHz

	Maximum Isotropic Loss, MIL (dB)
	
	MIL = P_TX – P_N – Required SNR + TxBF + RxBF

	[bookmark: _Hlk5184979]Definition of detection criteria for PF0/1/4:

[bookmark: _Hlk5108029](1) For PF0/1 (payload of 1 or 2 bits) the detection criterion assumes that the PUCCH payload consists of randomly drawn HARQ ACK/NACK bits and the criterion is defined as the SNR for which P(ACK to Error) ≤ 1% AND P(NACK to ACK) ≤ 0.1%. Error is defined as NACK or DTX where the decision region for DTX is determined to ensure that the maximum P(DTX to ACK) ≤ 1% for the case when the input to the receiver is noise only.

(2) For PF4 (payload greater than 2 bits): the detection criterion is the UCI block error probability BLER ≤ 1% (as in TS38.104 Section 8.3.6)



Table 3: Regulatory Power Limits by Region
	Region
	Maximum Conducted Power, Pmax (dBm)

	US
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm - TxBF

Conducted power limit as a function of PUCCH BW per hop:
     Pmax_P = 27 dBm – max(0, 10*log10(100 / BW))

Combined limit:
     Pmax = min(Pmax_P, Pmax_EIRP)

	Europe
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm – TxBF

Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 23 dBm/MHz + max(0, 10*log10(BW)) - TxBF

Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	South Korea
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 43 dBm – TxBF   when an equipment is >=300m from an astronomical antenna
     Pmax_EIRP = 43 dBm – TxBF   when an equipment is <300m from an astronomical antenna

Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 13 dBm/MHz + max(0, 10*log10(BW)) - TxBF

Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	Other regions
	…

	Note: BW is the PUCCH bandwidth per hop in MHz








image3.emf
-16 -14 -12 -10 -8 -6 -4 -2

SNR[dB]

10

-2

10

-1

10

0

P

(

A

C

K

 

t

o

 

E

r

r

o

r

)

TDL-A,SCS=480kHz,one PRB overlapped

SU-SCS480-DS10

MU-SCS480-DS10


image4.png
el
EREGEEERES

MIL abits,Nsf=2,TDL-A

o— JetH—— —

el
o858 BBEEEE

MIL,11bits,Nsf=2,TDL-A

ES— JeS— [—

el
o8 s88BEEE

MIL,22bits,Nsf=2,TDL-A

ES— e [—




image5.png
aLidel
o8s88BEEEE

MIL bits,Nsf=4,TDL-A

p—— Je—— —

g

R

MIL,11bits Nsf=4,TDL-A

P— Jes— [—

sl
o858 BEEEE

MIL,22bits, Nsf=4,TDL-A

prm— JetH— p—




image6.emf
-12 -10 -8 -6 -4 -2 0 2 4 6 8

SNR[dB]

10

-2

10

-1

10

0

B

L

E

R

NrofRBoverlap=1,TDL-A 5ns,SCS=960kHz

SU-UCI4-OCC2

SU-UCI22-OCC2

MU-UCI4-OCC2

MU-UCI22-OCC2


image7.wmf
ë

û

CS

PUCCH

offset

BWP

N

r

RB

+


image8.wmf
ë

û

CS

PUCCH

offset

BWP

size

BWP

1

N

r

RB

N

-

-

-


image1.png
CM @95th percentile

05 I I I I I I I
5 10 15 20 25 30 35 40

RB number




image2.png
MIL[dB]

180

16

140

130

PF0,105,TDL-A

5ns 10ns 200

M 120K+, 35PRB I 480KH2 SPRB I 960Kz, SPRB




