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We discuss sequence type for DMRS of enhanced (multi-RB) PF4 with -BPSK modulation for the PUCCH resource. The agreements made in RAN1#107-e on enhancing PUCCH format 0, 1, and 4 to multiple physical resource blocks (PRBs) were collected in the Appendix. Based on the agreements and discussion in Sec. 2, the proposals are contained in the concluding Sec. 3.
Sequence type for DMRS of enhanced PF4 with -BPSK modulation
In Rel-15/16, PUCCH format 4 occupies one resource block. In Rel-16, if the higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH is configured, and π⁄2-BPSK is used for PUCCH, the DMRS sequence of PF4 is defined by Type-2 low PAPR sequence; otherwise the DMRS sequence of PF4 is defined by Type-1 low PAPR sequence. According to Rel-15/16, low PAPR sequence (Rel-15), or equivalently Type-1 low PAPR sequence (Rel-16) is supported for PF4 even with π⁄2-BPSK.
Based on the agreements in RAN1#107-e, 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 -BPSK is configured for the PUCCH resource. The DMRS sequence supported for PF4 and ePF4 are summarized in the following Table with -BPSK modulation.
	
	Rel-15
	Rel-16
	Rel-17

	RB number
	1 RB
	1RB
	1RB
	Multi-RB

	Modulation
	-BPSK
	-BPSK
	-BPSK
	-BPSK

	Low PAPR sequence type
	Type-1
	Type-1
	Type-2
	Type-2



In Figure 1, we compare the PAPR (at the  CCDF point) of the /2-BPSK modulated PUCCH symbol, Type-1 low PAPR sequence based DMRS and Type-2 low PAPR sequence based DMRS for multi-RB PUCCH format 4. As can be seen from the figure, due to DMRS enhancement in Rel-16, the PAPR of Type-2 sequence based DMRS is lower than that of Type-1 sequence based DMRS, and is comparable to /2-BPSK modulated PUCCH symbol. The DMRS of multi-RB PF4 is generated with either Type-1 or Type 2 low PAPR sequence of length equal to the total number of mapped REs. Same sequence generation parameters, including , slot index, symbol index, are considered. PUCCH symbol is modulated by /2-BPSK with random binary bits input. Multi-RB PF4 applies frequency domain spectrum shaping (FDSS), wherein the filter is [-0.28 1 -0.28], and higher-layer parameter pucch-GroupHopping equals to ‘neither’.
Also as agreed in RAN1#104b, user-multiplexing is considered as a low priority, though Type-1 low PAPR sequence has benefits in this respect. Due to PAPR performance of DMRS of multi-RB PF4 becomes worse with different sequence length, Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource is not supported if π⁄2-BPSK is configured for the PUCCH resource.
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Figure 1. PAPR comparison among /2-BPSK modulated PUCCH symbol, Type-1 low PAPR sequence based DMRS and Type-2 low PAPR sequence based DMRS for multi-RB PUCCH format 4. 
Proposal 1: For DMRS of enhanced (multi-RB) PF4, Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource is not supported if -BPSK is configured for the PUCCH resource.
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Based on the discussion above, we arrive at the following proposal. 
Proposal 1: For DMRS of enhanced (multi-RB) PF4, Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource is not supported if -BPSK is configured for the PUCCH resource.
Appendix
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).
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