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1. Introduction
The following WID objectives related to PUCCH were made in RAN#90-e meeting [1]:
	· Physical layer aspects including [RAN1]:
· 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 discuss and provide views on the enhancements for PUCCH format 0/1/4 to support NR above 52.6 GHz, in terms of the resource allocation and the sequence design under the regulatory requirement.

2. Discussions 
In RAN1#103-e meeting [2], there were discussions on PUCCH enhancements, especially for enhancing PUCCH format 0/1/4 transmission to achieve higher transmit power when the power spectral density (PSD) limits is apply. Considering the supported large subcarrier spacing and the regulatory requirements in the 60GHz band, supporting contiguous multi-PRB allocation for PUCCH format 0/1/4 is preferred rather than the interlaced PRB allocation used in NR-U.
Based on the regulatory requirements such as the maximum PSD limit of 23 dBm/MHz and the maximum output power limit of 40 dBm in ETSI EN 302 567, the minimum required number of PRBs in order to transmit a PUCCH to the maximum allowed output power can be calculated as below for each subcarrier spacing in above 52.6GHz.

Table 1: The number of PRBs to achieve the maximum allowed output power for each subcarrier spacing
	SCS (kHz)
	1 PRB BW (MHz)
	1 PRB TX power (dBm)
	# of PRBs
	Total Tx power (dBm)

	120
	1.44
	24.58
	34
	39.89

	
	
	
	35
	40.02

	480
	5.76
	30.60
	8
	39.63

	
	
	
	9
	40.14

	960
	11.52
	33.61
	4
	39.63

	
	
	
	5
	40.60


According to Table 1, the PUCCH can be transmitted with the maximum allowed output power by transmitting using at least 35 PRBs for 120 kHz subcarrier spacing when the PSD limits apply. Since the occupied channel bandwidth of a single PRB becomes larger as subcarrier spacing increases, the minimum required number of PRB in order to transmit a PUCCH to the maximum allowed output power is decreased. Specifically, 9 PRBs and 5 PRBs are enough to achieve the maximum allowed output power for 480 kHz and 960 kHz subcarrier spacing, respectively, as shown in Table 1.
Since the regulatory requirements may differ from the region and gNB may need to adjust the number of PRB according to network configuration, the minimum required number of PRBs for the PUCCH transmission, denoted as NRB, can be configured by the gNB (e.g., via cell-common and/or UE-dedicated RRC signaling) or can be controlled by the dedicated configuration for each PUCCH format/resource. The number of PRBs for PUCCH format 4 can be obtained by applying the DFT constraint (i.e., NRB = 2a×3b×5c where a, b, c are positive integer value including 0) on top of the regulatory requirements. For example, the NRB for PUCCH format 4 can be 36 (= 22×32×50) PRBs in 120 kHz subcarrier spacing. 

Proposal #1: The minimum required number of RBs to increase transmit power for PUCCH format 0/1/4 can be predefined (based on the regulatory requirements) or configured/indicated by gNB for each subcarrier spacing.

(TS 38.213) Table 9.2.1-1: 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}



In NR, each initial PUCCH resource set consists of 16 PUCCH resources, and the number of PRBs required to create 16 resources was determined according to the number of initial CS indexes. For example, for PUCCH resource set indexes of 0, 3, 7, and 11, 8 PRBs are required to provide 16 PUCCH resources due to a single RB allocation design for PUCCH formats 0 and 1.
If the value of NRB in Table 1 is directly applied to PUCCH formats 0 and 1 in 60 GHz band, the available number of PRBs in initial bandwidth part may not suffice to provide 16 PUCCH resources per each PUCCH resource set. For example, the total available number of PRBs can be 264 when the channel bandwidth of the initial bandwidth part is 400 MHz in 120 kHz subcarrier spacing. However, when NRB=35 is used to transmit a single PUCCH resource according to Table 1, the minimum required number of PRBs to provide 16 PUCCH resources is 280, which exceeds the number of PRBs available in initial bandwidth part.

One way to solve this problem is to use only PUCCH resources that do not overlap in the frequency domain, starting with the PUCCH resource allocated to the lowest frequency RB. For example, 14 PUCCH resources (i.e., 0 <  < 13) can be expected to be configured as valid resources if NRB=35 is used to transmit a single PUCCH resource when 264 PRBs are available in the initial bandwidth part with 400 MHz in 120 kHz subcarrier spacing.
Another way is that similar to NR-U, the additional CDMed or TDMed PUCCH resources can be provided until 16 PUCCH resources can be available. For example, a method of applying additional starting symbol index or OCC index based on the value of (pre-defined or configured) NRB can be considered. 

Proposal #2: To address the potential shortage of PUCCH resources for the initial PUCCH resource set resulting from using multi-PRB to transmit PUCCH formats 0 and 1, consider the following alternatives: 
· Alt. 1: Use only valid resources in the frequency domain
· Alt. 2: Support additional starting symbol and OCC index

If multi-PRB based PUCCH format 0/1/4 is used for above 52.6 GHz, the new sequence mapping rule is also needed. For the PUCCH format 0/1, the Rel-16 NR-U PUCCH sequence mapping based on frequency domain repetition with an appropriate PAPR mitigation technique and/or the single long PUCCH sequence with contiguous mapping can be considered. 
[bookmark: _GoBack]In Rel-16 NR-U, enhanced PUCCH format 0/1 is configured such that CS offset is applied for each PRB in a single interlace in addition to the starting CS value in NR in order to improve PAPR/CM performance. However, since the contiguous mapping is preferred (rather than interlaced mapping) in above 52.6 GHz, the sequence repetition other than L=12 CGS with different CS offset value can be also considered when the PUCCH sequence repetition based mapping is used for multi-PRB based PUCCH format 0/1. For the single long sequence, it is necessary to discuss how to determine ZC sequence length and/or the starting cyclic shift value, e.g., CS value can be defined by the number of REs to be occupied by the ZC sequence or by the length of new ZC sequence.
If the number of PRBs to be used for PUCCH format 4 is increased, the length of the pre-DFT OCC can be increased. Therefore, it needs to define how to apply the pre-DFT OCC on the multiple PRBs should be discussed. The pre-DFT OCC can be applied per PRB or can be applied to the whole REs calculated by NRB.

Proposal #3: For multi-PRB based PUCCH format 0/1, consider the single long PUCCH sequence with contiguous mapping or PUCCH sequence by frequency domain repetition with an appropriate PAPR mitigation technique.
Proposal #4: For multi-PRB based PUCCH format 4, it should discussed how the pre-DFT OCC with increased length (compared to Rel-15 PUCCH format 4) can be applied on multiple PRBs.

3. Conclusions
In this contribution, the enhancements for PUCCH format 0/1/4 to support NR above 52.6 GHz were discussed, and the followings are proposed.
Proposal #1: The minimum required number of RBs to increase transmit power for PUCCH format 0/1/4 can be predefined (based on the regulatory requirements) or configured/indicated by gNB for each subcarrier spacing.
Proposal #2: To address the potential shortage of PUCCH resources for the initial PUCCH resource set resulting from using multi-PRB to transmit PUCCH formats 0 and 1, consider the following alternatives: 
· Alt. 1: Use only valid resources in the frequency domain
· Alt. 2: Support additional starting symbol and OCC index
Proposal #3: For multi-PRB based PUCCH format 0/1, consider the single long PUCCH sequence with contiguous mapping or PUCCH sequence by frequency domain repetition with an appropriate PAPR mitigation technique.
Proposal #4: For multi-PRB based PUCCH format 4, it should discussed how the pre-DFT OCC with increased length (compared to Rel-15 PUCCH format 4) can be applied on multiple PRBs.
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RAN1#103-e Chairman’s note
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