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1	Introduction
[bookmark: _Ref178064866]The following agreement was made in RAN1#107-e regarding the DMRS for enhanced (multi-RB) PUCCH Format 4:
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).

This agreement extends the DMRS sequence design such that Type-2 low PAPR sequences are supported when -BPSK is configured for the UCI symbols of multi-RB PF4. With the amendment to the RAN1#104bis-e agreement, Type-1 low PAPR sequences are supported when -BPSK is not configured for the UCI (payload) symbols of multi-RB PF4.
The remaining issue is whether or not to support Type-1 low PAPR sequences for DMRS also when -BPSK is configured for the UCI symbols of multi-RB PF4. We recognize that in Rel-16, this combination is, in fact, supported for single-RB PF4 and for PF3. However, while the specification allows it, we don't think it is a beneficial combination, and we prefer not to carry this over to multi-RB PF4 in Rel-17.
The intention of configuring -BPSK modulation for PUCCH is that it can offer a PAPR/CM benefit, since the modulation is design such that the complex envelope of the transmitted signal never passes through the origin. Intead, the complex envelope is contrained to  phase shifts around the unit circle. This serves to lower the peak-to-averge power ratio compared to conventional BPSK and QPSK.
It was recognized that when -BPSK modulation is configured for UCI symbols for PUCCH format 3 and 4, the PAPR/CM for the DMRS symbols if Type-1 sequences are used can be larger than for the UCI symbols, meaning that the PAPR advantage offered by -BPSK is reduced. For this reason, Type-2 low PAPR sequences based on -BPSK modulation were introduced into the specification for DMRS of PUCCH formats 3 and 4 to regain the PAPR benefit. In summary, -BPSK and Type-2 go hand-in-hand, and there is no motivation to support the combination of -BPSK and Type-1. To resolve the FFS in the RAN1#107-e agreement, we propose the following:
[bookmark: _Ref89943205][bookmark: _Toc90021389]For DMRS of an enhanced (multi-RB) PF4 resource, Type-1 low PAPR sequences are not supported if pi2BPSK is configured for the PUCCH resource.
Regarding the Note in the agreement about separate discussion of whether to support FG 16-6b in FR2-2, we observe that this feature group is described as follows in 38.822:
	16-6b
	Low PAPR DMRS for PUCCH
	1.	For PUCCH format 3 and PUCCH format 4 with transform precoding and with pi/2 BPSK modulation
	FG 1-7 (RAN4) and any combination of {4-4, 4-5 , 4-7}
	lowPAPR-DMRS-PUCCH-r16
	MIMO-ParametersPerBand 
	Optional with capability signalling



According to this definition, it is an optional capability to support Type-2 low PAPR sequences when -BPSK modulation is configured for PUCCH. We don't see any reason why this feature group should not be supported in FR2-2 since the combination of -BPSK and Type-2 sequences is equally as valid in FR2-2 as it is in FR1 and FR2. This feature group says nothing about the combination of -BPSK and Type-1.
[bookmark: _Toc90021390]FG 16-6b on low PAPR DMRS for PUCCH (Type-2 sequences) should also apply to FR2-2.
As a final observation, one can see the following text from the CR to 38.211 [1] that was endorsed after the post RAN1#107-e email discussion:38.211 Section 6.4.1.3.3.1
The reference-signal sequence  shall be generated according to


where  is given by clause 6.3.2.6.3 and  depends on the configuration:
-	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.
[bookmark: _Hlk89327276]-	otherwise, for PUCCH format 3, PUCCH format 4 with =1, and PUCCH format 4 with >1 when -BPSK is not used for PUCCH,  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. 



Since the FFS in the RAN1#107-e agreement had not been resolved when this CR was endorsed, the highlighted text captures the current status of 38.211 (see [2]) in which Type-1 low PAPR sequences are supported for enhanced (multi-RB) PF4 only if -BPSK is not configured. We observe that if Proposal 1 is agreed, then there would be no need to make any revisions to 38.211.
[bookmark: _Toc89943461]If Proposal 1 is agreed, there is no need for changes to 38.211 Section 6.4.1.3.3.1


Conclusion
In the previous sections we made the following observations: 
Observation 1	If Proposal 1 is agreed, there is no need for changes to 38.211 Section 6.4.1.3.3.1

Based on the discussion in the previous sections we propose the following:
Proposal 1	For DMRS of an enhanced (multi-RB) PF4 resource, Type-1 low PAPR sequences are not supported if pi2BPSK is configured for the PUCCH resource.
Proposal 2	FG 16-6b on low PAPR DMRS for PUCCH (Type-2 sequences) should also apply to FR2-2.
[bookmark: _In-sequence_SDU_delivery]
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