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1. Introduction
At the RAN#94-e meeting, status report [1] on supporting NR from 52.6 GHz to 71 GHz was approved and regarded as a completed work.
In this contribution, we discuss remaining issues on PUCCH format 0/1/4 enhancement to support NR from 52.6 GHz to 71 GHz.
2. Remining issues on DMRS for enhanced PUCCH format 4

At RAN1#107-e meeting, the following agreement was made [2]:
	Agreement
· For DMRS of enhanced (multi-RB) PF4, Type-2 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource is supported if dmrs-UplinkTransformPrecodingPUCCH is configured and pi2BPSK is configured for the PUCCH resource. 
· FFS: For DMRS of enhanced (multi-RB) PF4, whether or not Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource is supported if pi2BPSK is configured for the PUCCH resource.
· If Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource is not supported for DMRS of enhanced (multi-RB) PF4 in FR2-2 if pi2BPSK is configured for the PUCCH resource, it will be separately discussed whether to support FG 16-6b in FR2-2 in UE feature discussion.
· Update the prior agreement from RAN1#104bis-e as follows:
Agreement (RAN1#104bis-e):
· For DMRS of enhanced PF4, if pi2BPSK is not configured for the PUCCH resource, a Type-1 low PAPR sequence of length equal to the total number of mapped REs 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).



A remaining issue is whether to support Type-1 low PAPR sequence for DMRS of enhanced PF4 when /2-BPSK modulation is used as in the FFS in the agreement.
Regarding the conventional sequence of DMRS for PF3 and 4, according to 6.4.1.3.3.1 from TS 38.211[3], Type-2 low PAPR sequence is generated only when /2-BPSK is used and dmrs-UplinkTransformPrecodingPUCCH is configured. Thus, for other cases, Type-1 low PAPR sequence is generated, i.e., if /2-BPSK modulation is used for PF3/4, which to generate Type-1 or 2 low PAPR sequence can be switched by the configuration of dmrs-UplinkTransformPrecodingPUCCH.
In Rel-16, Type-2 low PAPR sequence was introduced since it is beneficial in terms of PAPR mitigation compared to Type-1 low PAPR sequence when /2-BPSK modulation is used, and its benefit is valid even for enhanced PF4 as agreed above. On the other hand, user-multiplexing is not supported for PF4 with Type-2 low PAPR sequence in the current specification. If user-multiplexing is not supported for multi-PRB PF4, i.e., Type-2 low PAPR sequence is used when /2-BPSK is configured for the PUCCH, there is no advantage compared to PF3. In order to keep the existing functionality of user-multiplexing provided by PF4, we believe the combination of Type-1 low PAPR sequence for DMRS and /2-BPSK modulation should be kept even for the enhanced PF4. Note that, for DMRS of PF3, if dmrs-UplinkTransformPrecodingPUCCH is not configured but /2-BPSK is configured, Type-1 low PAPR sequence would be used even for FR2-2 operation. Unless there is any valid technical reason to preclude the combination of Type-1 low PAPR sequence and /2-BPSK only for PF4, we do not see an issue to continue its support. 
Therefore, we suggest supporting Type-1 low PAPR sequence for DMRS of PF4 when /2-BPSK modulation is used and dmrs-UplinkTransformPrecodingPUCCH is not configured same as the current specification.

Proposal 1: Type-1 low PAPR sequence should be supported for DMRS of PF4 when /2-BPSK modulation is used and dmrs-UplinkTransformPrecodingPUCCH is not configured.

3. Conclusion
In this contribution, we discussed the base sequence design for enhanced PUCCH format 4 DMRS to support NR from 52.6 GHz to 71 GHz. Based on the discussion above, we derived following proposal.

Proposal 1: Type-1 low PAPR sequence should be supported for DMRS of PF4 when /2-BPSK modulation is used and dmrs-UplinkTransformPrecodingPUCCH is not configured.
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