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Introduction
In RAN #90e, a Rel-17 work item (WI) for NR operation in a frequency regime between 52.6GHz and 71GHz has been approved [1]. As a part of the work item, the study on the physical layer aspects of PUCCH includes following: 
· 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 focus on the aspect of PUCCH format 0/1 and 2/3 enhancement for unlicensed band in the frequency range 52.6GHz to 71GHz.
Discussion
For operations in unlicensed band, there is usually PSD limit and maximum transmission power constraints. These regulatory requirements are to facilitate co-existence between different nodes operated in same unlicensed band. PSD limit is usually defined in the granularity of MHz, and a UE shall comply with both PSD limit and maximum transmission power constraints.
In the course of NR-U FR1 design in release 16, PRB-based interlace approach was adopted for PUCCH/PUSCH transmission. The design is motivated to maximize total transmission power while still complying with PSD limit per MHz. In that design, PUSCH/PUCCH transmissions are allocated more than one PRB and two neighbouring PRBs are at least 1MHz apart. This allows UE to achieve higher total transmission power while complying with per MHz-wise PSD constraint. Along with PRB interlaced transmission for NR-U FR1, more than one RRB is allowed for PUCCH format 0/1 (EPUCCH), compared to that in release 15, PUCCH format 0/1 only occupies a single RB. Each EPUCCH format 0/1 is configured with interlace0, and RBs of an RB set provided by rb-setIndex.  The available RBs for PUCCH transmission within the active UL BWP are the intersection of interlace0 and RBs provided by rb-setIndex[2]. The intersection results in  RBs in the interlace and the UE expects that  is either 10 or 11. Thus, in NR-U FR1, a PUCCH format 0/1 transmission may occupy up to 11 RBs.
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Fig 1. PRB-interlaced UL transmission NR-U FR1 in Release 16

For NR operation in the range of 52.5GHz to 71GHz, unlicensed band around 60GHz has been identified within the frequency range( in later discussion, we may called it 60GHz unlicensed band for simplicity’s sake). Similar to unlicensed band in FR1, there will be PSD limit and EIRP constraint in this high frequency band as well.  For example, in some use cases and regulatory regions, there is PSD limit of 23dBm/MHz with up to 40dBm EIRP. While some mobile terminal may only have EIRP of 23dBm, some other user terminal (e.q CPE) may be able to operate at higher EIRP up to 40dBm. For these high capability UEs, to fully take advantage of higher transmission power, ~50MHz transmission bandwidth is needed under the 23dBm/MHz PSD limit. 
In the frequency range 52.6 to 72GHz, SCSs of 120Khz, 480Khz, and 960Khz are adopted. Table 1 illustrates PRB bandwidth and maximum number of PRBs within 50MHz BWP for different SCSs. As it is shown in Table 1, one PRB corresponds to 1.44/5.76/11.52MHz with 120/480/960KHz SCS, respectively. Thus, different from FR1, PRB-interlaced design in this range will not help to boost total transmission power as one PRB already occupies more than 1MHz bandwidth. While there have been some discussions on sub-PRB level interlaced design, significant specification effort would be involved, and we believe sub-PRB level interlaced design is not justified. 
Table 1. Number of PRBs needed to reach 40dBm EIRP
	SCS
	Single PRB BW (MHz)
	Number of full PRBs contained within 50MHz BW

	120 kHz
	1.44
	34

	480 kHz
	5.76
	8

	960 kHz
	11.52
	4



However, similar to NR-U FR1 design, it is still beneficial to allocate more than one RB for PUCCH format 0/1 when a high capability UE operates in this frequence range.  Below, we discuss our view on various aspects of PUCCH format 0/1 enhancements in unlicensed band of the frequency regime between 52.6GHz and 71GHz.

RB assignment for PUCCH format 0/1 in 60GHz unlicensed band
As discussed above, PRB-interlaced design will not help to boost transmission power for UL transmission with SCS 120kHz or larger. It is sufficient to allocate some contiguous RBs to a PUCCH resource. The RB allocation may be configured through combination of 1) startRB and endRB or 2) startRB and nrofPRBs with the understanding that all RBs within the range is configured for the PUCCH resource.
In following figure, we illustrate the difference between the RB assignment for PUCCH 0/1 in release 15, NR-U 
FR1 in release 16, and proposed design for PUCHH format 0/1 in 60GHz unlicensed band.
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Fig.2 illustration of RB assignment for PUCCH 0/1 in different spec releases

Proposal 1: NR should support configuring contiguous RB assignment for PUCCH format 0/1 in 60GHz unlicensed band.

Base sequence for PUCCH format 0/1 with more than single RB 
With more than one RB assigned for PUCCH format 0/1, the next question is the waveform design for the PUCCH format 0/1.
For PUCCH format 0/1 in release 15, as there is only a single RB for one PUCCH transmission, a base sequence of length 12 is adopted. Different cyclic shift of the base sequence is used depending on the initial cyclic shift, information content, and some time-dependent pseudo sequence. The equation 1 below shows the cyclic shift of base question the RB uses:
                                         (E.q. 1)
where  depends on the information content.
In the PRB-interlaced design of NR-U FR1, different interlaced PRB for a PUCCH resource use a cyclic shifted version of a same base sequence of length 12 for PUCCH format 0/1. Based on top of equation 1, the cyclic shift of an interlaced PRB for PUCCH format 0/1 in NR-U FR1 is defined as: 
                             (E.q. 2)
where  and  is the interlaced PRB index. 
For PUCCH format 0/1 in 60GHz unlicensed band, the same approach should be adopted as the PUCCH format 0/1 in NR-U FR1. More specifically, different PRB for a PUCCH format 0/1 should use the same base sequence of length 12 but may apply an additional cyclic shift of  for the PRB with index . As the approach has been adopted for PUCCH format 0/1 in NR-U FR1, it would greatly simplify specification effort if same design is applied for NR-U 60GHz unlicensed band.
There have been discussions on using a new longer sequence of length M*12 where M is the number of RBs assigned for the PUCCH format 0/1. In our view, this approach requires much more specification efforts compared to leveraging the existing design in NR-U FR1, which is already adopted in release 16. 
Proposal 2: NR should re-use the same base sequence generation procedure as in EPUCCH in NR-U FR1 for a PUCCH Format 0/1 in 60GHz unlicensed band if a PUCCH format 0/1 resource is configured with more than one RB.

Support of PUCCH format 0/1 with different number of RBs assignment
As discussed above, different UE devices may have different transmission power capabilities. While for a mobile terminal, it may be beneficial to continue to use legacy one RB configuration for PUCCH format 0/1, a CPE device may apply new design to utilize higher transmission power. The network should simultaneously support different bandwidth of PUCCH Format 0/1 for different UEs, depending UE capability and channel conditions.
Proposal 3: NR should support PUCCH format 0/1 with different bandwidth for different UEs simultaneously.

For a UE in connected mode, the UE capability is known and thus gNB may choose a proper bandwidth for PUCCH format 0/1 for the UE. One issue arise is that during initial access, how gNB determines the bandwidth of PUCCH format 0/1 a UE will use. One approach is that gNB may configure different PRACH resources for UEs requesting multi-RB PUCCH vs legacy single RB PUCCH format 0/1. These different PRACH resource may be separate sets of preamble sequence, different ROs, or different PRACH formats. gNB may also configure a switching point (likely in TX power) between two different PRACH resources. During PRACH preamble power ramp process, a CPE UE may switch to PRACH resource corresponding to Multi-RB PUCCHs when its tx power is above the switching point. This approach requires that network defines a default PUCCH resource table with both legacy and multi-RB PUCCH 0/1 resource.
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Fig 3. Indication of RB selection of PUCCH format 0/1 by selecting different PRACH resource.

Proposal 4: For initial access, gNB should support multiple bandwidths of PUCCH format 0/1, and UE indicates selecting of PUCCH bandwidth by using different PRACH resources provided by gNB.
Conclusion
In this contribution, we discussed various aspects on possible enhancement for PUCCH format 0/1 in 60GHz unlicensed band. Our proposals are summarized below:

Proposal 1: NR should support configuring contiguous RB assignment for PUCCH format 0/1 in NR-U for FR2x
Proposal 2: NR should re-use the same base sequence generation procedure as in EPUCCH in NR-U FR1 for a PUCCH Format 0/1 in FR2x if the PUCCH format 0/1 is configured with more than one RB.
Proposal 3: NR should support PUCCH format 0/1 with different bandwidth for different UEs simultaneously.
Proposal 4: For initial access, gNB should support multiple bandwidths of PUCCH format 0/1, and UE indicates selecting of PUCCH bandwidth by using different PRACH resources provided by gNB.
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