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Introduction
In RAN1#104-e [1], following agreements on enhancements for PUCCH formats 0/1/4 were made:
	[bookmark: _Hlk63407597]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 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 discuss potential issues and associated standards impacts on PUCCH enhancements in 52.6 – 71GHz.
Discussions
In RAN#90-e [2], enhancements on PUCCH formats 0/1/4 were proposed based on the maximum power regulations of FCC [4‑5] in Table 1.
Table 1 Spectrum regulations around 60 GHz in USA
	Regulated Freq. Band
	Max Power
	PSD 
	OOBE
	Indoor/Outdoor Restrictions

	57-71 GHz
	Max Peak conducted power: 
- if BW >100MHz, 500mW
- If BW<100MHz, 500mW * (Emission BW/100MHz)

In EIRP:  
Indoor: 40 dBm avg/43dBm Peak
Outdoor PtP: 82dBm when Gant>51dBi; 82-2*(51-Gant) when Gant≤51dBi
	No requirement
	Spurious emissions: 

40-200 GHz: ≤ 90 pW / cm^2 @3m (-9.9dBm EIRP) 

Spurious emission levels shall not exceed the emission level at the fundamental radio frequency.
	Indoor/outdoor with different limits


As shown in Table 1, while the max peak conducted power up to 500 mW can be achieved if bandwidth is larger than 100 MHz, the max peak conducted power should be scaled down based on emission bandwidth/100 MHz. The regulation can be problematic especially for PUCCH formats 0/1/4 as PUCCH formats 0/1/4 utilize only 1 PRB for the transmission while other channels can occupy more than 100 MHz based on gNB implementation. For example, as 1 PRB occupies 1.44 MHz, 5.76 MHz and 11.52 MHz with SCSs 120 kHz, 480 kHz and 960 kHz, respectively, available peak conducted powers are limited to 7.2 mW (8.57 dBm) for 120 kHz, 28.8 mW (14.6 dBm) for 480 kHz, and 57.6 mW (17.6 dBm) for 960 kHz. Based on the occupied frequency resources of 1 PRBs with SCSs, it is observed that 70 PRBs (100.8 MHz), 18 PRBs (103.68 MHz) and 9 PRBs (103.68 MHz) occupy more than 100 MHz with SCSs 120 kHz, 480 kHz and 960 kHz, respectively. For 480 kHz and 960 kHz, 18 PRBs and 9 PRBs can be used as maximum values for 480 kHz and 960 kHz, respectively, while 120 kHz may need further consideration. As PUCCH formats 0/1/4 are designed for single PRB based transmission, it is preferred to maintain 1 PRB for all SCSs. If available transmission power for 1 PRB is not enough, gNB can configure multiple PRBs based on gNB implementation. 
Observation 1: It is observed that 70 PRBs, 18 PRBs and 9 PRBs occupy more than 100 MHz with SCSs 120 kHz, 480 kHz and 960 kHz, respectively.
Proposal 1: It is preferred to support 18 PRBs and 9 PRBs as maximum values for 480 kHz and 960 kHz, respectively, while 120 kHz may need further consideration.
Proposal 2: It is preferred to support 1 PRB for 120 kHz, 480 kHz and 960 kHz as PUCCH formats 0/1/4 are designed for single PRB based transmission.
In addition, sequence designs of enhanced PUCCH formats 0/1/4 should be discussed before having discussions on the allowed values of NRB. For example, if a single sequence of length equal to the total number of mapped REs of of the PUCCH resource is used, available low-PAPR type 1 sequence lengths for PRB candidates may be relatively flexible. However, if 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, available low-PAPR type 1 sequence lengths may be limited due to PAPR/CM reduction scheme. 
Observation 2: Available values of NRB depends on the utilization of PUCCH sequence.
Proposal 3: It is preferred to hold the discussion on available values of NRB until having designs for sequence construction.
For enhancements of PUCCH format 0/1/4, support of Type-1 low PAPR sequences was agreed with the following alternatives [1]:
· Alt-1: A single sequence of length equal to the total number of mapped REs of the PUCCH resource is used. 
· A single sequence length equal to the total number of mapped REs can be supported to allow multi-PRB transmission for PUCCH formats 0/1/4. As low-PAPR type 1 sequences are already defined for a sequence length 36 or larger, application of the sequence can be supported with minimum specification impact. 
· 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.
· Frequency domain repetition of a single sequence of length equal to the number of mapped REs per RB also resolves the limited maximum peak conducted power. However, PAPR/CM impacts on the repetition should be additionally considered and may bring additional UE complexity and limited utilization of PUCCH resources. 
Observation 3: Low-PAPR type 1 sequences are already defined for a sequence length 36 or larger.
Observation 4: Based on low-PAPR type 1 sequences, application of a single sequence length equal to the total number of mapped REs (Alt-1) can be supported with a minimum specification impact. 
Observation 5: Frequency domain repetition of a single sequence of length equal to the number of mapped REs per RB (Alt-2) requires additional considerations on PAPR/CM impacts which may bring additional UE complexity and PUCCH resources.
Proposal 4: It is preferred to support a single sequence of length equal to the total number of mapped REs of the PUCCH resource (Alt-1).
Summary
In this contribution, we discussed the issues for PUCCH enhancements of NR in 52.6 – 71 GHz for PUCCH formats 0/1/4. From the discussions, we made following observations and proposals: 
Observation 1: It is observed that 70 PRBs, 18 PRBs and 9 PRBs occupy more than 100 MHz with SCSs 120 kHz, 480 kHz and 960 kHz, respectively.
Observation 2: Available values of NRB depends on the utilization of PUCCH sequence.
Observation 3: Low-PAPR type 1 sequences are already defined for a sequence length 36 or larger.
Observation 4: Based on low-PAPR type 1 sequences, application of a single sequence length equal to the total number of mapped REs (Alt-1) can be supported with a minimum specification impact. 
Observation 5: Frequency domain repetition of a single sequence of length equal to the number of mapped REs per RB (Alt-2) requires additional considerations on PAPR/CM impacts which may bring additional UE complexity and PUCCH resources.
Proposal 1: It is preferred to support 18 PRBs and 9 PRBs as maximum values for 480 kHz and 960 kHz, respectively, while 120 kHz may need further consideration.
Proposal 2: It is preferred to support 1 PRB for 120 kHz, 480 kHz and 960 kHz as PUCCH formats 0/1/4 are designed for single PRB based transmission.
Proposal 3: It is preferred to hold the discussion on available values of NRB until having designs for sequence construction.
Proposal 4: It is preferred to support a single sequence of length equal to the total number of mapped REs of the PUCCH resource (Alt-1).
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