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Introduction
Based on the SI [1] [2], 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 limits 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) [4]:
[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 [7], RAN1 #104-e [8], RAN1 #104bis-e [9], RAN1 #105-e [10] and RAN1 #106-e [11], agreements were made to support allocation of N_RB contiguous RBs for PF0, PF1 and PF4. 
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 9.2.1-1 of 38.213 (See Table 3 below) [6]. 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. In RAN1 #106-e, the following agreement was made: 

	Agreement:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1



With this agreement, the Table that indicates the PUCCH resource sets before dedicated PUCCH resource configuration in Rel-15 can be directly re-used. The UE assumes that the number of RBs indicated in SIB1 can be used with any row of the table. 

[bookmark: _Ref83721137]Table 3: PUCCH resource sets before dedicated PUCCH resource configuration
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}




A modification to the specification in in 38.213 Section 9.2.1 will be needed for the  frequency hopping pattern with the multi-RB PUCCH enhancement as follows:
	If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as 
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]



This is equivalent to Example Construction 1 (same N_RB for each row) as discussed in [12].

Note that the gNB may need to select the value of N_RB signaled in SIB1 to account for the following:
1) that the indicated N_RB and initial UL BWP size are compatible to ensure that 16 PUCCH resources can be constructed as per Rel-15/16 and
2) that the UE will be performing frequency hopping (especially during initial access) and the benefit of frequency hopping is reduced if the value of N_RB signaled results in a PUCCH that spans the transmission bandwidth/BWP. The gNB could either select N_RB judiciously or turn off frequency hopping. 
a. Note: From 38.213, the UE transmits a PUCCH using frequency hopping if not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon; otherwise, the UE transmits a PUCCH without frequency hopping. In the case that the UE has not been configured with this parameter (e.g. for MSG 4 transmission), the UE is mandated to perform frequency hopping.

Proposal 1: Adopt Example Construction 1 in [12] for the PUCCH resource sets before dedicated PUCCH resource configuration 
· The UE assumes that the number of RBs indicated in SIB1 can be used with any row of table 9.2.1-1 of 38.213
· Modify the specification in 38.213 Section 9.2.1 for  frequency hopping with the introduction of  the multi-RB PUCCH enhancement.
· Turn off frequency hopping in the case that N_RB is on the order of the bandwidth
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 proposal:
Proposal 1: Adopt Example Construction 1 in [12] for the PUCCH resource sets before dedicated PUCCH resource configuration 
· The UE assumes that the number of RBs indicated in SIB1 can be used with any row of table 9.2.1-1 of 38.213
· Modify the specification in 38.213 Section 9.2.1 for  frequency hopping with the introduction of  the multi-RB PUCCH enhancement.
· Turn off frequency hopping in the case that N_RB is on the order of the bandwidth
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