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1. Introduction
In RAN1#107-e meeting, extensive discussions were conducted on the aspect of PUCCH enhancements and the following agreements were made[1]:
[bookmark: _Hlk85202687]Agreement
For DMRS of enhanced PF1 support a single sequence of length equal to the total number of mapped REs of the PUCCH resource is used. The spreading factor for DMRS of enhanced PF1 is defined in the same way as Rel-16.
· Note: this clarifies Alt-1 from the RAN1#104 agreement

Agreement
In the RAN1#106bis-e agreements on construction of PUCCH resource sets prior to dedicated PUCCH configuration, the following is supported for PUCCH resource set index 15 in Table 9.2.1-1:
· 

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).

In this contribution, we provide some analysis on the remaining issues for PUCCH enhancement in 60GHz band, including sequence design for DMRS of enhanced PF4.
2. Discussion
1. 
2. 
2.1. Sequence design for DMRS of enhanced PF4
In RAN1#107-e meeting, the FL provided an observation that in Section 6.4.1.3.3.1 of 38.211, if -BPSK is used for PUCCH and higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH is configured, Type-2 low PAPR sequence is used for DMRS of PF4. Since the use of Type-2 low PAPR sequence is in contrast to Type-1 low PAPR sequence, the condition that “-BPSK is not configured for the PUCCH resource” is added to the previous agreement in the last meeting.
However, for DMRS of enhanced PF4, if -BPSK is configured for the PUCCH resource, whether or not Type-1 low PAPR sequence is supported remains FFS. In our opinion, we should follow the legacy principle as in R16 and Type-1 low PAPR sequence should also be supported if -BPSK is configured for the PUCCH resource. Then, the following 2 cases can be considered:
· if the higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH is configured, and -BPSK is used for PUCCH, Type-2 low PAPR sequence is used for DMRS of enhanced PF4.
· if the higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH is not configured, and -BPSK is used for PUCCH, Type-1 low PAPR sequence is used for DMRS of enhanced PF4.
The above behaviors maintain the same principle as in R16, and we see no motivation to change it.
The reference-signal sequence  shall be generated according to


where  is given by clause 6.3.2.6.3 and  depends on the configuration:
[bookmark: _Hlk92202988]-	if the higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH is configured, and -BPSK is used for PUCCH,  is given by clause 5.2.3 with  and  given by clause 6.4.1.3.2.1. The sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1.
-	otherwise,  is given by clause 6.3.2.2 and the cyclic shift  varies with the symbol number and slot number according to clause 6.3.2.2.2 with 
-	 for PUCCH format 3 without interlaced mapping;
-	 obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index  given by clause 6.3.2.6.3 for PUCCH format 3 with interlaced mapping and PUCCH format 4. 

On the other hand, Type-2 low PAPR sequence which is based on -BPSK modulation can reduce PAPR when -BPSK is used for PUCCH, while user-multiplexing is not supported. Considering it has been agreed to support pre-DFT block-wise spreading using OCCs of length 2 and 4 only for enhanced PF4 as in R15/16, user-multiplexing should be supported even if -BPSK is used for PUCCH. Therefore, when -BPSK is used for PUCCH, whether or not user-multiplexing is supported (i.e., the switch between Type-1 and Type-2 low PAPR sequence) can be associated with higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH.
Proposal 1: For DMRS of enhanced PF4, Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource should be supported if pi2BPSK is configured for PUCCH.

3. Conclusion
This contribution discusses the potential enhancements for PUCCH format 0/1/4. The following observations and proposals are made. 
Proposal 1: For DMRS of enhanced PF4, Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource should be supported if pi2BPSK is configured for PUCCH.
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