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1. Introduction
In RAN1#107bis-e meeting, extensive discussions were conducted on the sequence design for DMRS of enhanced PF4 and the following conclusion was reached[1]:
[bookmark: _Hlk85202687]Conclusion
· For DMRS of enhanced (multi-RB) PF4, do not support Type-1 low PAPR sequences if pi2BPSK is configured for the PUCCH resource.
· No change to 38.211 Section 6.4.1.3.3.1 is needed.

In this contribution, we provide some analysis on the remaining issues for PUCCH enhancement in FR2-2, including coverage imbalance between PF2/3 and PF4.
2. Discussion
1. 
2. 
2.1. Coverage imbalance between PF2/3 and PF4
In RAN1#106-e meeting, we have discussed the maximum number of RBs for enhanced PF0/1/4 and the following agreements were made:
Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 120 kHz SCS
Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).
The maximum number of RBs for enhanced PF0/1/4 for all SCSs are 16, which is aligned with PF2/3 in Rel-16, so further enhancement on the maximum number of RBs for PF2/3 is not needed. However, according to the description in 38.213, we observe that the actual number of RBs used for PF2/3 transmission will vary dynamically based on PUCCH payload.
38.213 Section 9.2.3
If a UE transmits a PUCCH with [image: ] HARQ-ACK information bits and [image: ] bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes [image: ] PRBs, the UE determines a number of PRBs [image: ] for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs [image: ] provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB from the number of PRBs, that results to [image: ] and, if [image: ], [image: ], where [image: ], [image: ], [image: ], and [image: ] are defined in Clause 9.2.5.2. For PUCCH format 3, if [image: ] is not equal [image: ] according to [4, TS 38.211], [image: ] is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If [image: ], the UE transmits the PUCCH over [image: ] PRBs.

In this case, the actual number of RBs used for PF2/3 transmission may be smaller than the number of RBs configured by RRC parameters. In FR2-2, the PUCCH transmission power is restricted by PUCCH bandwidth due to PSD limitation, so the adjustment of number of RBs for PF2/3 transmission may result in degraded coverage. Furthermore, we provide the required SNR and MIL comparison with different number of RBs for PF3 when the payload size is 120bits, as shown in Table 1 and Fig.1 respectively.

	Target SNR for 120kHz
	N_RB=1
	N_RB=2
	N_RB=4
	N_RB=8
	N_RB=12
	N_RB=16

	TDL-A-5ns
	6.1
	1.6
	-1.7
	-4.6
	-6.2
	-7.4

	Note: 
1. The same link level evaluation assumptions of PF4 in R1-2102127 are used except OCC configuration.
2. The detection criterion is the UCL block error probability BLER ≤ 1%


Table 1: required SNR with different number of RBs for PF3 when the payload size is 120bits
[image: ]
Fig.1: MIL comparison with different number of RBs for PF3 when the payload size is 120bits
It can be seen from Fig.1 that the MIL loss ranges from 1.2dB to 13.5dB depending on the number of RBs compared with N_RB=16, which is quite substantial. Note that for enhanced PF4, it has been agreed that the actual number of RBs used for a PUCCH transmission does not vary dynamically based on PUCCH payload in RAN1#104-e meeting. In this sense, the coverage performance of enhanced PF4 can be guaranteed. Considering PF2/3 is generally used for larger UCI payloads, the similar agreement should be made for PF2/3 to avoid the potential coverage imbalance between PF2/3 and PF4 in FR2-2.
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
Proposal 1: For PF2/3 in 60GHz band, 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.

3. Conclusion
This contribution discusses the potential enhancements for PUCCH format 0/1/4. The following observations and proposals are made. 
Proposal 1: For PF2/3 in 60GHz band, 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.
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