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Introduction
[bookmark: _Hlk510705081]The revised work item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#92-e. Before that, 3GPP  carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz, reported in [2]. This contribution deals with the following objective of the WID:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
In the previous RAN1 meetings, the specification for enhanced PUCCH formats 0/1/4 was almost finalized. The remaining open item identified in RAN1#107e [3] is discussed in this contribution. 
[bookmark: _Hlk92038135]Discussion
During RAN1#107-e [3], [4], it was noted that support for Type-2 low PAPR sequence as well as for -BPSK modulation with enhanced multi-RB PUCCH format 4 had not been properly considered. In the discussion that followed, it was agreed to support Type-2 low PAPR sequence for DMRS of enhanced PUCCH format 4 together with -BPSK modulation. 
 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).
However, it was left open whether the combination of -BPSK modulation and Type-1 low PAPR sequence as DMRS is supported for enhanced PUCCH format 4. It can be noted that 
· The considered combination does not provide particular coverage benefits over the combination of -BPSK modulation and Type-1 low PAPR sequence. 
· However, such configuration is allowed for one-RB PUCCH format 4 and PUCCH format 3, allowing for the use of -BPSK modulation without the changes to channel estimation for Type-2 low PAPR sequence.
· Multi-RB PUCCH format 4 performance with -BPSK modulation has not been investigated during the Rel-17 for Type-1 or Type-2 low PAPR sequence.  
Although there is no particular coverage improvement achieved with the combination of -BPSK and Type-1 low PAPR sequence, it is allowed for Rel16 PUCCH format 3 and one-RB PUCCH format 4. To maintain the uniformity of the design, we have a slight preference to support also the considered combination.  
Proposal 1: Combination of -BPSK modulation and Type-1 low PAPR sequence as DMRS is supported for enhanced PUCCH format 4.
Conclusion
In this contribution, we considered the remaining open item on the design of enhanced PUCCH formats 0/1/4, that is the support for the combination of -BPSK modulation and Type-1 low PAPR sequence as DMRS for the enhanced PUCCH format 4. Based on the discussion, we make proposal:
[bookmark: _Hlk67402846]Proposal 1: Combination of -BPSK modulation and Type-1 low PAPR sequence as DMRS is supported for enhanced PUCCH format 4.
References 
[1] [bookmark: _Ref60037183][bookmark: _Hlk79157429]RP-211584, “Revised WID: Extending current NR operation to 71 GHz”, Qualcomm, Intel
[2] TR 38.808, “Study on supporting NR from 52.6GHz to 71 GHz", 3GPP 
[3] “Draft Report of 3GPP TSG RAN WG1 #107-e v0.1.0”, 3GPP
[4] R1-2111466, “FL Summary for [107-e-NR-52-71GHz-03] Email discussion/approval on enhancements for PUCCH formats 0/1/4”, Ericsson 

