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Introduction
Based on the SI [1], an updated WID was agreed to in RAN #90-e with the following objectives [3] :

· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
· [bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz

Due to the regulatory limitats in shared spectrum, the single Resource Block (RB) transmission required by some PUCCH formats may result in a limit on the transmit power even if the UE is capable of transmitting at higher power levels. To achieve higher transmit power for PUCCH transmission, the WID has the following objective:

· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.

In this contribution, we address enhancements to PUCCH formats 0, 1 and 4 for the new SCS 480 kHz and 960 kHz in the new frequency range. 
Discussion
PUCCH Background and Motivation
In Rel-15/Rel-16 NR, the following PUCCH formats are specified (see Table 1) [2]:
[bookmark: _Ref61240140]
[bookmark: _Ref68628218]Table 1: PUCCH Formats
	Format
	Payload
	Payload Size
	Duration (symbols)
	Resource Blocks
	DMRS
	Waveform
	Multiplexing

	0
	SR/HARQ-ACK
	1 / 2 bits
	1 or 2
	1
	No
	CP-OFDM
	CG sequence + cyclic shift

	1
	
	
	4  to 14
	1
	Yes
	
	CG sequence + TD-OCC

	2
	SR/HARQ-ACK, CSI
	> 2 bits
	1 or 2
	1-16
	
	
	None

	3
	
	
	4  to 14
	1-16
	
	DFT-S-OFDM
	

	4
	
	
	4  to 14
	1
	
	
	CG sequence + FD-OCC


As seen from the table, Formats 0, 1 and 4 are transmitted in a single Resource Block (RB) while Formats 2 and 3 can be transmitted with more that 1 RB. 
As an example, for Europe regulations [5] require a maximum power spectral density to the system when operated at the highest power spectral density level (PSL) and a maximum RF output power applicable to the system when operated at the highest stated power level. The spectral Power Density Limit (PDL) is 23 dBm/MHz and the maximum power level is 40 dBm with different values for other regulatory administrations. For the agreed upon SCSs for NR operation between 52.6 GHz and 71 GHz, Table 2 shows the corresponding power levels assuming a single RB is transmitted with the UE transmitting at the PDL.
[bookmark: _Ref61240213]Table 2 : EIRP with 1 RB for 23 dBm/MHz PDL
[image: Table

Description automatically generated]
As seen in the table, with the 23 dBm/MHz PDL, the PUCCH transmission is unable to transmit at the maximum power level of 40 dBm if the transmission is limited to 1 RB only. Ideally, we would want to ensure that the # RBs are set to make the transmission power level limited as opposed to PDL.  
As such, in RAN1 #103-e [6] and RAN1 #104-e [7], agreements were made to support allocation of N_RB contiguous RBs with a goal to down-select from specific agreed designs. 
PUCCH Design for Rel-17
Number of RBs of RBs
In RAN1 #104b-e, the following agreement was made [8]:
	Agreement:
· 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:
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 fulfil 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:
For addressing the FFS from the prior agreement in RAN1#104bis-e on the maximum values for the configured number RBs, send an LS to RAN4 asking for feasible maximum values for UE_EIRP and UE_P for operation in 52.6-71 GHz.




On the issue of the maximum values for the configured number of RBs, for enhanced PF0/1/4, the choice of selecting all valid integer values in the range [1 .. max( )] for each SCS vs a subset of the values should depend on the maximum value of N_RB estimated after the reply from RAN4. If the numbers received are on the order of RAN1’s assumptions, and result in the current N_RB values of 12, 3 and 2, then all integer values may be supported. If the numbers received result in a maximum RB value greater than the current values, then a coarser granularity should be selected. Note that in [10], it is shown that the minimum peak EIRP performance requirement is more important and with band n262 (47,2 GHz -48.2 GHz) set to 16 dBm for handheld UEs (UE power class 3). As such, it is likely that the current value of 25 dBm is more than a sufficient upper bound for the design at the even higher frequencies of 57.6GHz to 71 GHz.
On the issue of RE mapping for enhanced PF0/1/4 for 120 kHz SCS  [9], to ensure a consistent design with the other SCSs, all REs within each RB should be mapped with sub-PRB interlaced mapping not considered further.
For PF 2 and PF3, a restriction on the minimum number of RBs transmitted for each SCS should also be specified with PF3 subject to waveform specific limitations although for these PFs, there is no need to update the design. 
Proposal 1: For enhanced PUCCH formats 0/1/4 the choice of selecting all valid integer values in the range [1 .. max( )] for each SCS vs a subset of the values should depend on the maximum value of N_RB estimated after the reply from RAN4.

Proposal 2: To ensure consistent design across all SCSs, for 120 kHz SCS, all REs within each RB are mapped.
Proposal 3: For PF2 and PF3, a restriction on the minimum number of RBs transmitted for each SCS should also be specified subject to waveform specific limitations for PF3. 

PUCCH Enhancement for PF0/1
Sequence Design: PF0, PF1 and PF4 use sequences, and orthogonal cover codes (OCC) to enable multiplexing of multiple users and for information transfer. PF0 uses a computer-generated sequence (CGS) and a cyclic shift for multiplexing and information transfer. PF1 uses a CGS and time domain OCC for user multiplexing while PF4 uses a sequence its DMRS and a frequency domain OCC for user multiplexing. For all the PUCCH formats, the sequences are designed for a single RB. 
To enable transmission in N consecutive RBs where N > 1, sequences of length N x 12 need to be specified. The sequences can be based on  (a) a simple extension of the sequence used in Rel-15 or (b) a repetition of the existing sequences as in Rel-16 NR-U. 
In RAN1 #104-e and #104b-e, the design for PF4 was finalized with agreements made on the PAPR sequence for DMRS, user multiplexing OCC and the pre-DFT blockwise spreading mechanism [8]. As such, in this section, we focus on the sequence design for PF0 andPF1.
To assist in the selection, Figure 1 shows the 95th %tile of the CM for Alt 1 (Seq 1) and Alt 2 (Seq 2) for different RB sizes. The assumptions are based on the following agreement in [7]:
	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




The corresponding Maximum Isotropic Loss (MIL) is shown in Table 3 for different RB sizes with 11 RBs (120 kHz), 3 RBs (480 kHz) and 2 RBS (120 kHz). 
[bookmark: _Ref68626062]Table 3: Maximum Insertion Loss, 10 nsecs Delay Spread Channel
	
	Single RB
	Seq 1
	Seq 2

	120 kHz
	142.30
	150.51 (11 RBs)
	150.60 (11 RBs)

	480 kHz
	141.86
	147.60 (3 RBs)
	145.42 (3 RBs)

	960 kHz
	141.80
	145.62 (2 RBs)
	143.60 (2 RBs)



As such, RAN1 should specify a single sequence of length equal to the total number of mapped REs of the PUCCH resource for PF0. Cyclic shifts for PF0 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured. 

For PF1, the sequence is multiplied with a BPSK/QPSK signal and then spread with a time domain OCC. For consistency in design, we propose that it should be the same design as PF0 i.e., a single length sequence. Cyclic shifts for PF1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
Note that by selecting sequence 1, the specification impact is low as we re-use the Low-PAPR sequence generation type 1 in Section 5.2.2 in 38.211 [4].


[bookmark: _Ref71521982]Figure 1: CM for Sequence 1 and Sequence 2
With increase in N, there is a corresponding increase in the resource available for each PUCCH format. The increase in the resources allocated to the PUCCH formats can be used to increase the payload per UE, coverage per UE or number of UEs multiplexed. Note that for PUCCH FM 0 and FM1  with a maximum payload of 2 bits, the increased resource should be used for coverage or number of UEs multiplexed.  
Proposal 4: For enhanced PF0/1,  a single Type-1 low PAPR 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.
Proposal 5: RAN1 to decide how the increased resources used for PUCCH transmission should be used.
 PUCCH Resource Sets Prior to RRC Configuration
To define the PUCCH Resource Sets prior to RRC configuration that may be used during initial access or in scenarios where the UE has not been allocated any dedicated PUCCH resources, it is necessary to modify the existing Table defined in table 9.2.2-1 of 38.213. The current table assumes PF0/1 with NRB =1 and based on the current agreements in RAN1, NRB >1 needs to be defined for different SCSs.
For PUCCH Resource Sets prior to RRC configuration the UE should use the value of NRB configured through SIB1 as opposed to directly predefining the value of NRB in the specification. 
Proposal 6: For PUCCH Resource Sets prior to RRC configuration the UE should use the value of NRB configured through SIB1.
Conclusion
In this contribution, we have discussed enhancements to PUCCH formats PF0, PF1 and PF4 for NR  operation in the band > 52.6 GHz and have the following proposals:
Proposal 1: For enhanced PUCCH formats 0/1/4 the choice of selecting all valid integer values in the range [1 .. max( )] for each SCS vs a subset of the values should depend on the maximum value of N_RB estimated after the reply from RAN4.

Proposal 2: To ensure consistent design across all SCSs, for 120 kHz SCS, all REs within each RB are mapped.
Proposal 3: For PF2 and PF3, a restriction on the minimum number of RBs transmitted for each SCS should also be specified subject to waveform specific limitations for PF3. 

Proposal 4: For enhanced PF0/1,  a single Type-1 low PAPR 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.
Proposal 5: RAN1 to decide how the increased resources used for PUCCH transmission should be used. 
Proposal 6: For PUCCH Resource Sets prior to RRC configuration the UE should use the value of NRB configured through SIB1.
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