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[bookmark: _Ref68527073]List of agreements
During RAN1#107-e meeting, the following agreements on enhancements for PUCCH formats 0/1/4 were made [1]- [2]:

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 view of the above, only some FFS points remain to be discussed during RAN1#107bis-e, on which we provide our views below.

Discussion
During RAN1#107-e discussions [2], companies could not agree whether Type-1 low PAPR sequences of length equal to the total number of mapped REs of the PUCCH resource is supported when pi2BPSK is configured for the PUCCH resource, for DMRS of enhanced (multi-RB) PF4.
[bookmark: _Hlk92468978][bookmark: _Hlk92277099]Based on earlier agreements in RAN1#104bis-e and RAN1#107-e, as well as on the specification text in [3], Sec. 6.4.1.3.3.1, the allowed low PAPR sequences for DMRS of enhanced (multi-RB) PF4 depending on the dmrs-UplinkTransformPrecodingPUCCH, pi2BPSK flags may be summarized as follows:

[bookmark: _Ref92275665]Table 1. Allowed low PAPR sequences for DMRS of enhanced (multi-RB) PF4.
	dmrs-UplinkTransformPrecodingPUCCH
	pi2BPSK of PUCCH resource
	Low PAPR sequence

	False
	False
	Type-1 (as per RAN1#104bis-e agreement and [3]).

	False
	True
	Type-1 or N/A?


	True
	False
	Type-1 (as per RAN1#104bis-e agreement and [3]).

	True
	True
	Type-2 (as per RAN1#107-e agreement).



There is some uncertainty about what the correct behavior is for the case when dmrs-UplinkTransform PrecodingPUCCH = false and pi2BPSK = true. Our reading of [3], Sec. 6.4.1.3.3.1 is that whenever either of dmrs-UplinkTransformPrecodingPUCCH or pi2BPSK is not set, then DMRS of PUCCH shall be generated according to [3], Sec. 6.3.2.2.
[image: ]

In turn, [3], Sec. 6.3.2.2 mandates low PAPR Type-1 sequences as per clause 5.2.2.
[image: ]

No further constraints regulating the usage of -BPSK modulation for DMRS of PUCCH (e.g., a clause forbidding the combination dmrs-UplinkTransformPrecodingPUCCH = false and pi2BPSK = true) were found in other 3GPP specifications, such as [4]. This being the state of things, a close interpretation of the current 3GPP specification requires that Type-1 low PAPR sequences are used whenever dmrs-UplinkTransform PrecodingPUCCH is set to false and pi2BPSK to true. 

Observation 1: If dmrs-UplinkTransformPrecodingPUCCH = false and pi2BPSK = true, then the current 3GPP specification requires that Type-1 low PAPR sequences are used for DMRS of regular (single-RB) PF4.
To minimize the amount of standardization effort, and considering that the regular R17 time frame has already ended, we therefore make the following proposal:

Proposal 1: To minimize standardization effort, for DMRS of enhanced (multi-RB) PF4, use Type-1 low PAPR sequences of length equal to the total number of mapped REs of the PUCCH resource whenever dmrs-UplinkTransformPrecodingPUCCH is set to false and pi2BPSK is set to true.
Note that even though pi2BPSK is set to true for the PUCCH resource, -BPSK modulation is actually not applied. In effect, this case is equivalent to the case when dmrs-UplinkTransformPrecodingPUCCH and pi2BPSK are both set to false. Therefore, no additional UE implementation complexity is incurred.

Observation 2: Since for DMRS of enhanced (multi-RB) PF4, the case dmrs-UplinkTransform PrecodingPUCCH = false, pi2BPSK = true is handled identically to the case dmrs-UplinkTransform PrecodingPUCCH = false, pi2BPSK = false, no additional UE implementation complexity is incurred by Proposal 1.
Additionally, we note that transform precoding is always used for UCI transmissions of PF4. Whether -BPSK or QPSK modulation is used depends on the pi2BPSK flag. This is summarized in Table 2.

[bookmark: _Ref92443793]Table 2. Allowed modulations for UCI transmissions of regular (single-RB) and enhanced (multi-RB) PF4. Transform precoding is always used.
	dmrs-UplinkTransformPrecodingPUCCH
	pi2BPSK of PUCCH resource
	Low PAPR sequence

	N/A
	False
	QPSK

	N/A
	True
	– BPSK



According to previous R17 agreements, we have that nOfPRBs-r17  for the PF4 PUCCH resource. For these numbers of PRBs, the corresponding values of the cubic metric (CM) [5], a proxy for the PAPR [6], are shown in Figure 1, for DMRS of  PF4, and Figure 2, for UCI of PF4, for the sequences proposed in Table 1 and Table 2, respectively.

[image: ]
[bookmark: _Ref92468122]Figure 1. Comparison of cubic metric (CM) of low PAPR sequences for DMRS of enhanced (multi-RB) PF4. Transform precoding is applied to Type-2 sequences, but not to Type-1 sequences.
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[bookmark: _Ref92468177]Figure 2. Comparison of the cubic metric (CM) of UCI of enhanced (multi-RB) PF4. Transform precoding is applied to both QPSK and -BPSK.


To obtain low PAPR transmissions, it is clear that PUCCH symbols carrying DMRS and UCI should both have similar values of PAPR. One way to achieve this is to make sure that within one slot, Type-1 DMRS symbols go hand in hand with QPSK UCI symbols. Likewise, Type-2 DMRS and -BPSK symbols should be configured in the same slot. From  Table 1 and Table 2, it can be seen that the flag combination dmrs-UplinkTransformPrecodingPUCCH = false, pi2BPSK = true produces Type-1 DMRS and -BPSK UCI waveforms, which have disparate CMs, and should therefore be avoided in practice. To minimize standardization impact, this can be left up to the network.

Observation 3: The flag combination dmrs-UplinkTransformPrecodingPUCCH = false, pi2BPSK = true produces DMRS and UCI waveforms with disparate values of the cubic metric (CM), and should therefore be avoided in practice.

Proposal 2: Avoiding the flag combination dmrs-UplinkTransformPrecodingPUCCH = false, pi2BPSK = true is up to the network.

[bookmark: _Hlk47387515]Conclusions
This document considered enhancements to Rel-17 for PUCCH formats 0/1/4. The following observations and proposals have been made:
Observation 1: If dmrs-UplinkTransformPrecodingPUCCH = false and pi2BPSK = true, then the current 3GPP specification requires that Type-1 low PAPR sequences are used for DMRS of regular (single-RB) PF4.
Observation 2: Since for DMRS of enhanced (multi-RB) PF4, the case dmrs-UplinkTransform PrecodingPUCCH = false, pi2BPSK = true is handled identically to the case dmrs-UplinkTransform PrecodingPUCCH = false, pi2BPSK = false, no additional UE implementation complexity is incurred by Proposal 1.
Observation 3: The flag combination dmrs-UplinkTransformPrecodingPUCCH = false, pi2BPSK = true produces DMRS and UCI waveforms with disparate values of the cubic metric (CM), and should therefore be avoided in practice.

Proposal 1: To minimize standardization effort, for DMRS of enhanced (multi-RB) PF4, use Type-1 low PAPR sequences of length equal to the total number of mapped REs of the PUCCH resource whenever dmrs-UplinkTransformPrecodingPUCCH is set to false and pi2BPSK is set to true.
Proposal 2: Avoiding the flag combination dmrs-UplinkTransformPrecodingPUCCH = false, pi2BPSK = true is up to the network.
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6.4.1.3.3 Demodulation reference signal for PUCCH formats 3 and 4
6.4.1.3.3.1 Sequence generation

The reference-signal sequence 1; ) shallbe generated according to

m=01.. M -1

where MEYCHS is given by clause 6.3.2.6.3 and 1\ %% (m) depends on theconfiguration:

- i the higher-layer parameter dims=UplinkTiansformPrecodingPUCCHs configured, and7t/25BPSKis used for

PUCCH. (%% (m) s given by clause5.2.3 with § = 0 and ¢y given by clause 6.4.13.2.1. The sequence group
wand the sequence number v depend on the sequencehoppingin clause 6.3.2.2.1.

- otherwiselr,(%® (m) is given by clause 6.3.2.2 andthecyclic shift a varies with the symbol numberandslot
numberaccordingto clause 6.3.2.2.2 with

- my= 0forPUCCH format 3 without interlaced mapping;

- mgobtained from Table 6.4.1.3 3.1-1 with the orthogonal sequence index 1 given by clause 6.3.2.6.3 for
PUCCH format 3 with interlacedmapping and PUCCH format 4.
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6.3.22 Sequence and cyclic shift hopping

PUCCH formats 0. 1.3, and 4 use sequences %% (n) given byelause5:2:2 with 6 = 0 where thesequence group u
and the sequence number v dependon thesequence hoppingin clause6.3.2.2.1 and the cyclic shift a depends on the
cyclic shifthoppingin clause 6.3.2.2.2.
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