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In the WID [1], the enhancement of PUCCH was captured as follows:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
In Section 2, we investigate the number of PRBs for PUCCH format 0/1/4 which can simultaneously achieve the maximum power spectrum density (PSD) limit and transmit power according to EC regulation [2]. The options for PUCCH format enhancement are discussed in Section 3, including potential PAPR reduction mechanisms, which may be required if PUCCH is repeated in frequency domain. 
Number of PRBs
According to the WID, both licensed band and unlicensed band operation will be specified. For licensed band operation, existing one-PRB PUCCH formats 0/1/4 can be directly reused for 120 kHz sub-carrier spacing (SCS) and can be extended to 480 kHz and 960 kHz SCS without any changes. For operation in shared spectrum, similar as NR-U in Rel-16, the legacy PUCCH formats 0/1/4 should also be allowed considering there is no mandatory OCB requirement and large coverage requirement.  
Proposal 1: For operation in shared spectrum from 52.6GHz to 71GHz, Rel-15 PUCCH formats 0/1/4 can be used for 120 kHz and can be extended to 480 kHz and 960 kHz SCS.
In [2], the maximum transmit power per device and PSD per MHz are defined as shown in Table 1. Using the PSD values of this table, it can be found that a device can achieve both the transmit power limit and PSD limit on band 75, 75a and 75b, if the transmission bandwidth is 50 MHz. 
Table 1. Frequency bands with corresponding harmonized technical conditions and implementation deadlines for short-range devices.
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For the scenario where large coverage might be necessary, the UE may not be able to reach the transmit power limit if the one-PRB Rel-15 PUCCH formats 0/1/4 are used, especially for small SCS.  For example, 1 PRB with 120 kHz SCS occupies 1.44 MHz bandwidth. There is approximately a 15 dB margin to the transmit power limit if the UE transmits at the PSD limit. So in order to provide additional coverage/reliability for PUCCH formats 0/1/4, the one-PRB PUCCH formats 0/1/4 could be “duplicated” at most 32/8/4 times for 120 kHz, 480 kHz and 960 kHz respectively, considering the number of allocated PRBs should be the product of 2, 3 or 5 from the requirement of DFT-S-OFDM and 50 MHz transmission bandwidth. 
On the other hand, the capability of UE multiplexing in frequency domain will be reduced if a PUCCH resource always occupies 32 PRBs for 120 kHz SCS. So it would be beneficial that the duplicated PRBs in frequency domain for the enhanced PUCCH formats 0/1/4 can be configured, especially for 120/480 kHz SCS. For example, 4,8,16 and 32 contiguous PRBs can be configured for 120 kHz, and 4 and 8 contiguous PRB can be configured for 480 kHz.
[bookmark: _GoBack]Proposal 2: For enhanced PUCCH formats 0/1/4 in the shared spectrum from 52.6GHz to 71GHz，the maximum transmission bandwidth is 50 MHz.

Enhancements of PUCCH formats to multiple PRBs 
Enhanced PUCCH formats 0/1
In Rel-15, the sequence  of length 12 defined in 5.2.2 of TS38.211 is used to modulate 1 or 2 bit UCI on the PRB across all OFDM symbols for both PUCCH format 0 and 1. If the PRB of PUCCH formats 0/1 is duplicated multiple times in frequency domain without any change, the PAPR/CM will increase. 
Similar situation happened to enhanced PUCCH formats 0/1 in NR-U Rel-16, for PRB based interlaced resource mapping, where 1 or 2 bit UCI is expected to be carried by 5 or 10 PRB per interlace. During the WI of NR-U, there were four alternatives identified in [3].  It was observed in [4] that Alt. 3 was significantly worse than the other alternatives. Alt. 1b and Alt. 2 had comparable maximum coupling loss (MCL) and are slightly better than Alt. 1a. 
· Alt-1: Repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with mechanism to control PAPR/CM considering the following alternatives
· Alt-1a: Cycling of cyclic shifts across PRBs 
· Alt-1b: Phase rotation across PRBs of an interlace where the phase rotation is can be per RE or per PRB
· Alt-2: Mapping of different length-12 Rel-15 PF0 and PF1 sequences to the PRBs of an interlace based on different group number u (range is 0 .. 29)
· Alt-3: Mapping of a single long sequence to the PRBs of an interlace
RAN1 finally adopted Alt 1a, which is reflected in 6.3.2.2.2 in TS38.211 as following equation. 

[bookmark: _Hlk23763479]where  for PUCCH formats 0 and 1 and  is the resource block number within the interlace. 
For the frequency band above 52.6 GHz, the alternatives compared in NR-U can be the starting point. Further evaluation is required considering the new SCS, different number of PRBs per PUCCH and contiguous resource mapping in frequency domain. 
Proposal 3: The Alternatives 1a/1b/2 identified for enhanced PUCCH format 0/1 in NR-U Rel-16 should be the starting point and be re-evaluated for the new SCS and different number of PRBs in the frequency band from 52.6 GHz to 71 GHz. 

Enhanced PUCCH format 4
In Rel-15, the scrambled UCI bit are modulated with -BPSK or QPSK and block-wise spread by . After DFT precoding per 12 symbols, the modulated symbols are mapped within one PRB across PUCCH symbols. If additional PRBs are allocated to PUCCH format 4 as discussed in Section 2, there are two potential ways to enhance the PUCCH format 4.
Alternative 1: One DFT-precoder per PRB 
By this enhancement, the DFT-precoder size is unchanged and one DFT-precoder is applied for one PRB. A benefit of this is that the existing PUCCH format 4 receiver could be applied per PRB. Some form of PAPR/CM reduction method needs to be adopted and specified. This could be done after the DFT precoder, as shown in Fig. 1. Methods for PAPR/CM reduction that should be evaluated are:
· PRB-specific modulation symbol interleaving
· PRB-specific multiplication with a complex value
· PRB-specific phase rotation 
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Figure 1. Example of enhanced PUCCH format 4 for contiguous PRBs using PAPR/CM reduction after DFT-precoder. 
Another way, as illustrated in Fig. 2, is to do the PAPR/CM reduction by PRB-specific scrambling.
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 Figure 2. Example of enhanced PUCCH format 4 for contiguous PRBs using PAPR/CM reduction by means of PRB-specific scrambling.
Alternative 2: One DFT-precoder for all PRBs
By this enhancement, the DFT-precoder size is increased and one DFT-precoder is applied for all PRBs, as illustrated in Fig. 3. A benefit of this is that the coding gain could be higher than for the schemes using multiple DFT-precoders. Moreover, the existing scrambling, modulation and spreading operations are used with the parameter . Additional PAPR/CM reduction is not required.
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Figure 3. Example of enhanced PUCCH format 4 for contiguous PRBs using a single DFT-precoder.
Proposal 4: The following two alternatives to enhance PUCCH format 4 can be considered in the frequency band from 52.6 GHz to 71 GHz
Alt. 1: One DFT-precoder per PRB
The following PAPR/CM reduction methods are considered:  
· PRB-specific modulation symbol interleaving
· PRB-specific multiplication with a complex value
· PRB-specific phase rotation 
· PRB-specific scrambling
Alt. 2: One DFT-precoder for all PRBs
	No further PAPR/CM reduction is considered.
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
In the paper, potential enhancement of PUCCH format 0/1/4 considering the PSD limit in the share spectrum are discussed. We had following proposals
Proposal 1: For operation in shared spectrum from 52.6GHz to 71GHz, Rel-15 PUCCH formats 0/1/4 can be used for 120 kHz and can be extended to 480 kHz and 960 kHz SCS.
Proposal 2: For enhanced PUCCH formats 0/1/4 in the shared spectrum from 52.6GHz to 71GHz，the maximum transmission bandwidth is 50 MHz.
Proposal 3: The Alternatives 1a/1b/2 identified for enhanced PUCCH format 0/1 in NR-U Rel-16 should be the starting point and be re-evaluated for the new SCS and different number of PRBs in the frequency band from 52.6 GHz to 71 GHz. 
Proposal 4: The following two alternatives to enhance PUCCH format 4 can be considered in the frequency band from 52.6 GHz to 71 GHz
Alt. 1: One DFT-precoder per PRB
The following PAPR/CM reduction methods are considered:  
· PRB-specific modulation symbol interleaving
· PRB-specific multiplication with a complex value
· PRB-specific phase rotation 
· PRB-specific scrambling
Alt. 2: One DFT-precoder for all PRBs
	No further PAPR/CM reduction is considered.
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Band Category of shortrange | Transmit power limit/field strength | Additional parameters (channelling and/or Implementa-
no | Frequency band devices limit]power density limit channel access and occupation rules) Other usage restrictions tion deadline
75 |57-71 GHz Wideband data 40 dBm e.irp. and 23 dBm/MHz e.i. | Requirements on techniques to access | Fixed outdoor installations are ex- | 1 January

transmission devices | r.p. density spectrum and mitigate interference | cluded. 2020
apply [7]-
75a | 57-71 GHz ‘Wideband data 40 dBm eirp., 23 dBm/MHz eirp. [ Requirements on techniques to access 1 January
transmission devices | density and maximum  transmit | spectrum and mitigate interference 2020
power of 27 dBm at the antenna port | apply [7].
or ports
75b | 57-71 GHz Wideband data Requirements on techniques to access | This set of usage conditions is only | 1 January
transmission devices | density and a transmit antenna gain > | spectrum and mitigate interference | available to fixed outdoor installa- 2020

30 dBi

apply [7].

tions.
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