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1 Introduction
At RAN#90-e meeting, the WID was approved with the work scope related enhancement of PUCCH format 0/1/4 on supporting NR from 52.6GHz to 71GHz [1]. And it was discussed from the RAN1#104-e to RAN1#104b-e meeting to support several aspects such as RB allocation on enhanced PUCCH format 0/1/4 for 120/480/960 kHz SCS, low PAPR sequence for enhanced PUCCH format 0/1 (PF0/1), DMRS sequence of enhanced PUCCH format 4 (PF4), and pre-DFT block-wise spreading using OCCs for UCI of enhanced PF4 and the followings were agreed [3]-[4].
	[bookmark: _Hlk63407597]Agreement at the RAN1#104-e:
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 at the RAN1#104-e:
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 at the RAN1#104-e:
· 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 at the RAN1#104-e:
· 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 at the RAN1#104-e:
· 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 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 at the RAN1#104-e:
· [bookmark: _Hlk68550551]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

Agreement at the RAN1#104b-e:
Down select to one of the following two alternatives for the configuration of the number of RBs, , for enhanced PUCCH formats 0/1/4:
· Alt-1:
· For enhanced PF0/1
· Support configuration of all integer values in the range [1 .. max()] for each SCS
· For enhanced PF4
· Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfill the requirement  where  is a set of non-negative integers.
· Alt-2:
· Same as Alt-1, but with coarser granularity, i.e., not all integer values of  can be configured.
· FFS: Which values of  are supported values in the range [1 .. max()]
Agreement at the RAN1#104b-e:
· The maximum values for the configured number of RBs, NRB, for enhanced PF0/1/4 are at least:
· 12 RBs for 120 kHz SCS
· 3 RBs for 480 kHz SCS
· 2 RBs for 960 kHz SCS
· FFS: Whether or not the above values need to be revised to support larger values (and any associated signaling impact), e.g., to support lower UE Tx beamforming gain and/or larger UE EIRP and conducted power limits for different UE power classes, different from those in the agreed evaluation assumptions
Agreement at the RAN1#104b-e:
For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 only, as in Rel-15/16.
Agreement at the RAN1#104b-e:
For DMRS of enhanced PF4, a Type-1 low PAPR 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-1 in agreement from RAN1#104-e).
Agreement at the RAN1#104b-e:
For UCI of enhanced PF4, support pre-DFT blockwise spreading performed across all allocated RBs (Alt-1 in agreement from RAN1#104-e).
Agreement at the RAN1#104b-e:
User-multiplexing can be considered but as lower priority compared to maximum isotropic loss for PUCCH as a design criterion.



In this contribution, we discuss PUCCH enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation for operation in shared spectrum and provide our views on several issues for enhanced PF0/1/4.
Discussion on enhancement for PUCCH format 0/1/4 for NR beyond 52.6GHz
For operation in shared spectrum, interlaced design for PUSCH was specified in LAA and interlaced design for PUCCH/PUSCH was specified in NR-U to be satisfied with both OCB requirement and compensation of PSD limitation per MHz. However, as agreed and discussed in the study item on supporting NR above 52.6GHz on OCB requirement [2], for each declared nominal channel BW, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel BW. From that perspective, the PSD limitation rather than OCB requirement should be further essentially considered especially for enhanced PUCCH format 0/1/4 design to compensate for coverage limitation.
Under the LAA/NR-U in 5GHz/6GHz shared spectrum, interlaced design for PUCCH/PUSCH can obtain results that satisfy the OCB requirement with the power-boosting gain to overcome the PSD limitation since the BW to be occupied by 1-RB size for 15kHz or 30kHz is far less than 1MHz. However, in the 60GHz shared spectrum, the BW with 1-RB size for the new numerologies, i.e., 480kHz and 960kHz SCS occupies far more than the 1MHz of PSD measurement resolution BW. Even for the new 120kHz SCS from the perspectives of the unlicensed band, the BW with the 1-RB size is larger than 1MHz under PSD limitation. Therefore, it may not be beneficial to obtain power-boosting gain to overcome the PSD limitation per MHz by applying the interlaced design or sub-PRB interlaced allocation for all supported SCSs for NR operation on a 60GHz unlicensed band.
· Proposal 1: The interlaced or sub-PRB interlaced design for PUCCH format 0/1/4 seems not necessary to apply to 60GHz unlicensed spectrum from the perspective of power boosting in the new numerologies, i.e., 480kHz, 960kHz, and 120kHz SCS.
· Even for 120kHz SCS case, we support Alt-1.
· Alt-1: All REs within each RB are mapped.
· Note: PRB and sub-PRB interlaced mapping is not considered further.
At the RAN1#104-e meeting, there were two alternatives as to the following for low PAPR sequence for enhanced PUCCH format 0/1 (PF0/1).
· 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.
As compared between coherent BW according to the commonly used delay spread, i.e., 20ns and 40ns delay spread case and {1.44, 5.76, 11.52}BW of 1-RB size with {120, 480, 960} kHz SCSs respectively, it seems undesirable to allocate a single long sequence in freq. domain with the length of more than 1-RB size as like Alt-1 to REs of the PUCCH resource is used due to the coherence bandwidth. Therefore, we support Alt-2 that 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 with cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1.
· Proposal 2: For low PAPR sequence for enhanced PUCCH format 0/1 (PF0/1), we support Alt-2 that 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 with cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1.

Conclusion
In this contribution, we discussed PUCCH enhancement for PF0/1/4 to increase the number of RBs under PSD limitation for NR operation in the shared spectrum on supporting NR system above 52.6GHz and sequence construction for low PAPR sequence for enhanced PF0/1. As a conclusion, we summarize our view regarding PUCCH enhancement for PF0/1/4 as follows:
· Proposal 1: The interlaced or sub-PRB interlaced design for PUCCH format 0/1/4 seems not necessary to apply to 60GHz unlicensed spectrum from the perspective of power boosting in the new numerologies, i.e., 480kHz, 960kHz, and 120kHz SCS.
· Even for 120kHz SCS case, we support Alt-1.
· Alt-1: All REs within each RB are mapped.
· Note: PRB and sub-PRB interlaced mapping is not considered further.
· Proposal 2: For low PAPR sequence for enhanced PUCCH format 0/1 (PF0/1), we support Alt-2 that 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 with cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1.
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