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In RAN1#104b-e meeting, the following agreements on beam management had been achieved: [1]
	Agreement:
· The maximum values for the configured number of RBs, NRB, for enhanced PF0/1/4 are at least:
· 12 RBs for 120 kHz SCS
· 3 RBs for 480 kHz SCS
· 2 RBs for 960 kHz SCS
· FFS: Whether or not the above values need to be revised to support larger values (and any associated signaling impact), e.g., to support lower UE Tx beamforming gain and/or larger UE EIRP and conducted power limits for different UE power classes, different from those in the agreed evaluation assumptions 

Agreement:
Down select to one of the following two alternatives for the configuration of the number of RBs, , for enhanced PUCCH formats 0/1/4:
· Alt-1:
· For enhanced PF0/1
· Support configuration of all integer values in the range [1 .. max()] for each SCS
· For enhanced PF4
· Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfill the requirement  where  is a set of non-negative integers.
· Alt-2:
· Same as Alt-1, but with coarser granularity, i.e., not all integer values of  can be configured
· FFS: Which values of  are supported values in the range [1 .. max()]

Agreement:
For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 only, as in Rel-15/16.

Agreement:
For DMRS of enhanced PF4, a Type-1 low PAPR sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4 (Alt-1 in agreement from RAN1#104-e).


Agreement:
For UCI of enhanced PF4, support pre-DFT blockwise spreading performed across all allocated RBs (Alt-1 in agreement from RAN1#104-e).


Agreement:
For addressing the FFS from the prior agreement in RAN1#104bis-e on the maximum values for the configured number RBs, send an LS to RAN4 asking for feasible maximum values for UE_EIRP and UE_P for operation in 52.6-71 GHz.

R1-2104060	[DRAFT] LS to RAN4 on maximum UE conducted power and maximum UE EIRP for operation in the 52.6 – 71 GHz band
R1-2104061	LS to RAN4 on maximum UE conducted power and maximum UE EIRP for operation in the 52.6 – 71 GHz band

Agreement:
User-multiplexing can be considered but as lower priority compared to maximum isotropic loss for PUCCH as a design criterion.




In this contribution, we focus on the PUCCH enhancements in the 60GHz unlicensed band. 
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The maximum numbers of contiguous RBs for enhanced PUCCH format 0/1/4 for 120/480/960 kHz SCS has been agreed in last RAN1 meeting [1]. One remaining issue is the granularity of the configuration of the number of RBs. In current specification, from the UE side, both open-loop power control and closed-loop power control operate on the dB scale. From the gNB side, the remaining power of the UE is obtained through the power headroom report of the UE. In summary, the dB scale is sufficient in power control. However, the granularity of RB does not directly reflect the dB scale in power control. Specifically, the granularity of RB is overfull for power control. And the a set like {1, 2, 4, 6, 12} for 120 kHz SCS，{1, 2, 3} for 480 kHz SCS and {1, 2} for 960 kHz SCS can be supported as the candidate values.
Proposal 1:  Support the configuration of coarser granularity for the numbers of contiguous RBs for enhanced PUCCH format 0/1/4 for 120/480/960 kHz SCS.
Proposal 2: A set like {1, 2, 4, 6, 12} for 120 kHz SCS，{1, 2, 3} for 480 kHz SCS and {1, 2} for 960 kHz SCS can be supported as the candidate values.

The following agreement was made at RAN1#104-e [2]:
	Agreement:
For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120/480/960 kHz SCS, support allocation of N_RB contiguous RBs
· FFS: Values of N_RB for each SCS
· For 480/960 kHz SCS, all Res within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· For 120 kHz SCS, further discuss the following two alternatives:
· Alt-1: All Res within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· Alt-2: Subset of Res within each RB are mapped (sub-PRB interlaced mapping)




The reason for using the PRB-based interlaced structure in NR-U was to boost transmission power while complying with the OCB requirement. However, in 60GHz band, the OCB requirement is not mandatory, and boosting transmission power is achieved by continuously allocating multiple PRBs. Therefore, the PRB interlaced mapping is not necessary for 120 kHz SCS in 60GHz band.  For 120 kHz SCS, it has been proposed to introduce the use of sub-PRB interlaced mapping to increase transmission power while improving spectral efficiency by reducing RE occupancy. On the other hand, it is important to note that sub-PRB interlaced mapping will make PUCCH design and the implementation highly complex, especially in sequence and DMRS design. Therefore, the PRB and sub-PRB interlaced mapping should not be considered further for 120 kHz SCS.
Proposal 3: For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120 kHz SCS, support allocation of N_RB contiguous RBs in which all Res within each RB are mapped. Sub-PRB interlaced mapping is not considered further.

The following agreement was made at RAN1#104-e [2]:
	Agreement:
· For enhanced PF0/1, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives:
· Alt-1: A single sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· Alt-2: A single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact



As mentioned above, interlaced transmission is adopted for enhanced PUCCH transmission in Rel-16 NR-U. The enhanced PUCCH formats 0 and 1 are mapping to one full interlace in 20MHz. A length-12 Rel-15 PUCCH formats 0 and 1 sequence is mapped to each PRB of an interlace, and cyclic shifts are used across sequences to control PAPR [3]. Since the number of PRBs should be increased for PUCCH formats 0 and 1 in 60GHz unlicensed band, the mechanism of enhanced PUCCH formats 0 and 1 could be simply reused. E.g. the repetition of a length-12 Rel-15 PF0/1 sequence is mapped to each PRB of enhanced multi-PRB PUCCH format 0 and 1. To further control the PAPR, cycling of cyclic shifts across RBs can be reused, which is similar to Rel-16 for PF0/1 in the case that useInterlacePUCCH-PUSCH is configured.
Two alternatives were proposed and discussed in the RAN1#104-e meeting. Compared with Alt-2, Alt-1 has better CM performance in the range of 2-8 RB, and poorer CM performance in the range of 9-12 RB. In addition, Alt-2 provides greater flexibility for user multiplexing and has less specification impact compare to the Alt-1. Therefore we prefer to support alt-2.
[bookmark: _GoBack]Proposal 4: For enhanced PF0/1, Alt -2 should be supported in order to reduce the impact of the specification.

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed the enhancement of PUCCH format 0/1/4 in 60GHz unlicensed band. Based on the discussion in section 2, we provide the following proposals.
Proposal 1:  Support the configuration of coarser granularity for the numbers of contiguous RBs for enhanced PUCCH format 0/1/4 for 120/480/960 kHz SCS.
Proposal 2: A set like {1, 2, 4, 6, 12} for 120 kHz SCS，{1, 2, 3} for 480 kHz SCS and {1, 2} for 960 kHz SCS can be supported as the candidate values.
Proposal 3: For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120 kHz SCS, support allocation of N_RB contiguous RBs in which all Res within each RB are mapped. Sub-PRB interlaced mapping is not considered further.
Proposal 4: For enhanced PF0/1, Alt -2 should be supported in order to reduce the impact of the specification.
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