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1. Introduction

In the recent RAN#90e meeting, the following WI scope was discussed as decided [1]: 
	· Physical layer aspects including [RAN1]:
· 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. 

Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 

· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.

· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.

· Note: coverage enhancement for SSB is not pursued.

· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued

· Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.

· Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 

· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.

· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.

· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
Study, and if needed specify, energy detection threshold enhancement


In this contribution, we further discuss our views on PUCCH enhancements.  

2. Discussion
During the SI phase, the discussions around PUCCH enhancement was mainly triggered for the unlicensed spectrum. The motivation is to design a PUCCH that breaks out the power limit restrictions. According to EN 302 567 quoted below, the maximum power spectrum density is fixed to 23dBm/MHz and the maximum EIRP is 40dBm. With simple calculation, we can find that for 1 PRB PUCCH, e.g. PUCCH format 0, 1 or 4, the 40dBm cannot be achieved under this PSD limitation.  This is to say that traditional PSD boosting method is not applicable in 60GHz unlicensed operation. Note that it is also the case in FR1 NRU system. 
	4.2.1.2 Limit 

The maximum spectral power density is applicable to the system as a whole when operated at the highest power spectral density level (EIRP). The maximum spectral power density shall be as indicated in table 2.

Table 2: Spectral power density limit (PDL)

Maximum spectral power density (EIRP)

23 dBm/MHz




To resolve this issue, in NRU R16, interlace structure is adopted for PUCCH format 0 and 1. For 60GHz, interlace structure is naturally an option and the feasibility should be analyzed factoring in the subcarrier spacing. When we target a maximum EIRP of 40 dBm, the required bandwidth is round 50MHz under the PSD limitation. This bandwidth corresponds to around 36 PRB with 120kHz or 9 PRB with 480kHz or 6 PRB with 960kHz. Thus, for 120kHz SCS case, it would be less efficient to design a PUCCH format 0, 1 or 4 with 36 PRB for achieving maximum EIRP. A wiser option is to reuse the interlace structure. On the other hand, for 480kHz and 960kHz, the interlace structure for PUCCH does not seem necessary. 

Proposal 1: adopt interlace structure for PUCCH format 0, 1 and 4 with 120kHz subcarrier spacing. 

On the other hand, in the SI phase, sub-PRB interlacing was also discussed. By allocating partial RE within a PRB can further increase the PSD on a given RE. However, if the subcarrier spacing is approximate to 1MHz, the sub-PRB structure will not help in this sense. Thus, for 960kHz SCS, the sub-PRB concept is not helpful. Nevertheless, for 120kHz, as the subcarrier spacing is much smaller than 1 MHz, it indeed can benefit from the PSD boosting. Regarding the sub-PRB structure, we propose the following options. In the first option, only 1 RE is allocated within a PRB, it can maximally boost the PSD, e.g. 23 dBm on one RE. Alternatively, multiple RE can be allocated within a PRB as shown in Fig. 1.
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Fig. 1: Sub-PRB examples

Proposal 2: adopt sub-PRB allocation for PUCCH format 0, 1, 4 for 120kHz. 
The sequence design for PUCCH format 0 and 1 is tightly related to sub-PRB allocation. If the sub-PRB is not adopted, the PUCCH format 0 and 1 sequence design can reuse phase cycling concept similar to the NRU interlaced PUCCH format 0 and 1 design. However, if sub-PRB is adopted, the sequence design may need further evaluations. 
Proposal 3: adopt NRU-like phase cycling concept for PRB-based PUCCH allocation. FFS for sub-PRB based PUCCH allocation
Conclusion

In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. The following observations and proposals were made, i.e., 
Proposal 1: adopt interlace structure for PUCCH format 0, 1 and 4 with 120kHz subcarrier spacing. 

Proposal 2: adopt sub-PRB allocation for PUCCH format 0, 1, 4 for 120kHz. 
Proposal 3: adopt NRU-like phase cycling concept for PRB-based PUCCH allocation. FFS for sub-PRB based PUCCH allocation.
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