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[bookmark: _Toc5596041][bookmark: _Toc69069510][bookmark: _Toc1970552][bookmark: _Toc62396097][bookmark: _Toc71910520][bookmark: _Toc79688779][bookmark: _Toc8398209][bookmark: _Toc5596355][bookmark: _Toc5100795][bookmark: _Toc8247940][bookmark: _Toc17755475][bookmark: _Toc535588806]1	Introduction
[bookmark: _Ref178064866]This document summarizes the contributions made under the “Enhancements for PUCCH Formats 0/1/4” agenda item of the Rel-17 work item "Extending current NR operation to 71 GHz."
The following email thread is assigned for discussion of this topic:

[bookmark: _Toc17755492][bookmark: _Toc8398224][bookmark: _Toc5100812][bookmark: _Toc8247956][bookmark: _Toc5596374][bookmark: _Toc69069532][bookmark: _Toc62396114][bookmark: _Toc1970570][bookmark: _Toc535588825][bookmark: _Toc5596060][107bis-e-R17-52-71GHz-03] Email discussion/approval on enhancements for PUCCH formats 0/1/4 – Steve (Ericsson)
· 1st check point: January 20
· Final check point: January 25
2	Sequence Design for DMRS of Multi-RB PF4
[bookmark: _Hlk71744693][bookmark: _Hlk79401780]The following agreement was made in RAN1#107-e:

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).

The open issue is whether or not Type-1 low PAPR sequences (in addition to the already supported Type-2 low PAPR sequences) are supported for enhanced (multi-RB) PF4 when pi/2-BPSK is configured for the PUCCH resource. The following table provides a summary of company proposals on this topic:

	[bookmark: _Hlk62138312]Company
	Company Proposals

	Sony [5]
	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.

	Futurewei [13]
	Proposal 1. Not to support Type-1 low PAPR sequence when pi2BPSK is configured for multi-RB PUCCH format 4.

	Ericsson [12]
	1. [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.

	OPPO [10]
	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.

	vivo [4]
	[bookmark: _Ref92291255][bookmark: _Ref83285365][bookmark: _Ref86744027][bookmark: _Ref92298550]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 should not be supported when N_RB>1 if pi2BPSK is configured for the PUCCH resource.

	ZTE [9]
	Proposal 1: For DMRS of enhanced(multi-RB) PF4, if pi/2 BPSK is configured, Type-1 low PAPR sequence can be supported.

	Nokia [6]
	Proposal 1: Combination of -BPSK modulation and Type-1 low PAPR sequence as DMRS is supported for enhanced PUCCH format 4.

	Huawei [2]
	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.

	Samsung [7] 
	Proposal: Don’t support Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource, if pi2BPSK is configured for the PUCCH resource.
· No spec impact.

	NTT DOCOMO [8]
	Proposal 1: Type-1 low PAPR sequence should be supported for DMRS of PF4 when /2-BPSK modulation is used and dmrs-UplinkTransformPrecodingPUCCH is not configured.

	Interdigital [3] 
	Proposal 1: Support Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource if pi/2-BPSK is used for PUCCH format 4 without transform precoding. 

	Intel [11]
	Proposal 1: Do not support Type-1 low PAPR sequence for DMRS of multi-RB PUCCH format 4 when pi2BPSK is configured.

	LGE [14]
	Proposal #1: For DMRS both of PF3 and enhanced (multi-RB) PF4, 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.
Proposal #2: Adopt the following text proposal in TS 38.211 Section 6.4.1.3.3.1.
	[bookmark: _Toc19796468][bookmark: _Toc26459694][bookmark: _Toc29230344][bookmark: _Toc36026603][bookmark: _Toc45107442][bookmark: _Toc51774111][bookmark: _Toc90901927]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  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.
-	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.






Company views on this topic are split:
· Do not support Type-1 low PAPR sequences for DMRS when pi/2-BPSK is configured
· Futurewei, Ericsson, vivo, Huawei, Samsung, Intel
· Support Type-1 low PAPR sequences for DMRS when pi/2-BPSK is configured
· Sony, OPPO, ZTE, Nokia, NTT DOCOMO, Interdigital, LGE

Arguments for supporting the combination of Type-1 + pi/2-BPSK are as follows
· Combination is supported in Rel-16 for PF3 and PF4 with N_RB = 1, so support for PF4 with N_RB > 1 offers design uniformity. If desired, the gNB can choose not to configure Type-1 in combination with pi/2-BPSK.
· User-multiplexing supported if pi/2-BPSK configured and Type-1 sequences are used

Arguments against supporting the combination are as follows:
· Three companies (Sony, vivo, Huawei) have provided evaluation results, all showing that if Type-1 sequences are used for DMRS, then the CM/PAPR in the OFDM symbols occupied by DMRS is significantly larger than the OFDM symbols with UCI. In contrast, when Type-2 sequences are used for DMRS, the CM/PAPR is balanced between DMRS and UCI symbols. Hence the combination of Type-1 + pi/2-BPSK does not allow for a low PAPR design, and thus does not provide a coverage benefit.
· User multiplexing has lower priority than coverage as previously agreed

Clearly, there is a lack of consensus on whether or not Type-1 low PAPR sequences should be supported when pi/2-BPSK is configured for multi-RB PF4, i.e., when . It is recommended to further discuss the following two proposals in this meeting to see if there is an opportunity to converge. For reference, please see the analysis in Appendix A and B of this summary for how the DMRS sequence type is determined based on the relevant RRC parameters defined in 38.331 and the relevant spec text in 38.211.
Proposal #2.1 (Do not support Type-1 + pi/2-BPSK)
· For DMRS of enhanced (multi-RB) PF4, do not support Type-1 low PAPR sequences if pi2BPSK is configured for the PUCCH resource.
· No change to 38.211 Section 6.4.1.3.3.1 is needed

Proposal #2.2 (Support Type-1 + pi/2-BPSK)
· For DMRS of enhanced (multi-RB) PF4, support 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
· Adopt TP#1 implementing this proposal:

>>> Text Proposal (TP#1) for 38.211, Section 6.4.1.3.3.1 >>>
*** Unchanged text omitted ***
[bookmark: _Toc19796469][bookmark: _Toc26459695][bookmark: _Toc29230345][bookmark: _Toc36026604][bookmark: _Toc45107443][bookmark: _Toc51774112][bookmark: _Toc90901928]6.4.1.3.3.1	Sequence generation
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.
-	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.
Table 6.4.1.3.3.1-1: Cyclic shift index  for PUCCH format 3 with interlaced mapping and PUCCH format 4.
	Orthogonal sequence index 
	Cyclic shift index [image: ]
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[bookmark: _Hlk29801864]*** Unchanged text omitted ***
>>> End Text Proposal >>>

Please provide your company view on Proposal #2.1 and Proposal #2.2 and additionally if your position is flexible.
	Company
	View/Position

	Nokia, NSB
	As discussed in our contribution, we support Proposal #2.2, as it results in uniform design for different PUCCH formats and simplifies standards. However, we can also be flexible if majority of companies sees this otherwise.

	LG Electronics
	Support Proposal #2.2.
For the evaluation results provided by the companies supporting Proposal #2.1, it is noted that the same results can be observed for PF3 (i.e., the Type-2 low PAPR sequence in PF3, would have better CM/PAPR performance than the Type-1 low PAPR sequence) because there are no practical differences between PF3 and multi-RB PF4.
However, compared to PF3, the enhanced (multi-RB) PF4 provides more user multiplexing capacity by using orthogonal cover code and can achieve better coverage gain since the configured RB size won’t be adjusted based on actual UCI payload size. With this regard, if Type-1 low PAPR sequence can be applied to PF3 in FR2-2, Type-1 low PAPR sequence should also be able to be applied to enhanced (multi-RB) PF4.
In addition, it is worth noting that TP in Proposal #2.2 is exactly the same as Rel-16 specification.

	Sony
	We prefer Proposal #2.2 (Support Type-1 + pi/2-BPSK). As explained in the moderators’s summary, this combination is supported in Rel-16 for PF3 and PF4 and, further, in the current version of R17 for PF3 and PF4 and  (see Appendix B). We therefore do not see the point of not supporting it for PF4 with ; the network can always choose to not configure the UE with this particular parameter combination.

	OPPO
	We support Proposal #2.2. Supporting Type 1 low PAPR sequence + pi/2-BPSK does not conflict with Type 2 low PAPR sequence + pi-BPSK. Then, the switch between Type-1 and Type-2 low PAPR sequence, i.e. whether or not user-multiplexing is supported, can be associated with higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH. In our view, this is the legacy design principle as in R16 and there is no spec impact.

	vivo
	We support Proposal 2.1.

We disagree with the argument from companies that Type-1 low PAPR sequence + pi/2-BPSK should be supported for PF4 when PF3 support that. PF3 is not in the scope of this WI and the WID does not task us to desgin PF4 following PF3. Given the technical concerns raised, we do not understand why put something into the specification if there’s no benefit.
On the argument of user multiplexing, we don’t understand why the network has to configure Type-1 sequence + pi/BPSK for PF4 when Type-1 sequence for PF4 can be configured w/o pi/BPSK. We believe pi/BPSK is mainly for coverage usage and hence arguing multiplexing along with pi/2-BPSK is a bit stretch and does not make sense.  

On the argument of providing options for network to configure, we’d like to reminder thus group the principle we took during WI for this agenda. There were multiple options/alternaives proposed (e.g., sequence, RE mapping) during WI and the decision is to only take one option rather that specifying multiple options where alternative option actually has benefit. For this corner case, we don’t see why now providing multiple options is justified when there’s no benefit/usage scenario of the alternative. 

	CATT
	We support Proposal 2.1.
Beside the point summarized by the moderator, we want to pointed out the current maintenance phase is not meant for introducing new features.

	Futurewei
	We prefer Proposal 2.1. 
For the reasons from proponents for supporting this combination/new feature, at least the second reason “User-multiplexing supported if pi/2-BPSK configured and Type-1 sequences are used” is not siginificant due to the prior agreement that user-multiplexing has low priority. For the first reason ‘Combination is supported in Rel-16 for PF3 and PF4 with N_RB = 1, so support for PF4 with N_RB > 1 offers design uniformity..’, we do not find it convincing enough to have this feature supported, since ‘uniformity’ seems to be claimed between Rel-16 (multi-RB) PF3 and Rel-17 multi-RB PF4. 
Also, given the simulations that show if Type-1 sequences are used for DMRS, the CM/PAPR in the OFDM symbols occupied by DMRS is significantly larger than the OFDM symbols with UCI, the reason for supporting this feature is further weakened. We would like to hear if there is additional reason for having to make agreement on supporting this feature.       



4	Potential Coverage Imbalance between PF2/3 and PF4
The following table provides a summary of company proposals on this topic:
	Company
	Company Proposals

	Futurewei [13]
	Proposal 2. By removing the maximum payload size for enhanced multi-RB PF4 or by disallowing the actual number of RBs be dynamic for PF3 would bring benefit for alleviating the coverage imbalance issue. 

	Moderator
	Given that this issue has been de-prioritized for two meetings now due to lack of support, and only one company has made a proposal in this meeting, the moderator suggests that this issue be closed now that we are in maintenance phase.

	Nokia, NSB
	We agree with the moderator’s assessment.

	LG Electronics
	Agree with Moderator’s suggestion.

	Sony
	Support the moderator’s proposal.

	vivo
	Agree with moderator.

	CATT
	Agree with moderator.
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Appendix A – Parameters for configuring pi/2-BPSK and DMRS sequence type
According to 38.331 (see extracts from PUCCH-Config below) the following two parameters are defined for configuring pi/2-BPSK and the DMRS sequence type for PF3 and PF4
· The parameter pi2BPSK may be only be present for PF3 and PF4 (absent for PF1 and PF2)
· The parameter dmrs-UplinkTransformPrecodingPUCCH may only be present if pi2BPSK is configured for both PF3 and PF4 (if both formats are configured) or if pi2BPSK is configured for either PF3 or PF4 (if only one format is configured).

    dmrs-UplinkTransformPrecodingPUCCH-r16  ENUMERATED {enabled}   OPTIONAL,  -- Cond PI2-BPSK

PUCCH-FormatConfig ::=                  SEQUENCE {
    interslotFrequencyHopping               ENUMERATED {enabled}           OPTIONAL, -- Need R
    additionalDMRS                          ENUMERATED {true}              OPTIONAL, -- Need R
    maxCodeRate                             PUCCH-MaxCodeRate              OPTIONAL, -- Need R
    nrofSlots                               ENUMERATED {n2,n4,n8}          OPTIONAL, -- Need S
    pi2BPSK                                 ENUMERATED {enabled}           OPTIONAL, -- Need R
    simultaneousHARQ-ACK-CSI                ENUMERATED {true}              OPTIONAL  -- Need R
}

	PUCCH-Config field descriptions

	dmrs-UplinkTransformPrecodingPUCCH
This field is used for PUCCH formats 3 and 4 according to TS 38.211, Clause 6.4.1.3.3.1.



	PUCCH-FormatConfig field descriptions

	pi2BPSK
If the field is present, the UE uses pi/2 BPSK for UCI symbols instead of QPSK for PUCCH. The field is not applicable for format 1 and 2. See TS 38.213 [13], clause 9.2.5.



	Conditional Presence
	Explanation

	PI2-BPSK
	The field is optionally present, Need R, if format3 and/or format4 are configured and pi2BPSK is configured in each of them. It is absent, Need R otherwise.




Appendix B – DMRS sequence type
According to the current version of 38.211 (v17.7.0) Section 6.4.1.3.3.1 (see extract below), the following table summarizes what DMRS sequence type is used for PF4 based on the two RRC parameters described in Appendix A. As can be seen, for multi-RB PF4, the sequence type is unspecified if pi2BPSK is configured but dmrs-UplinkTransformPrecodingPUCCH is absent. In other words the combination of sequence Type-1 + pi/2-BPSK is not supported according to current specifications.
Table 1: Sequence type used for DMRS of PF4
	dmrs-UplinkTransformPrecodingPUCCH
	pi2BPSK
	Low PAPR Sequence Type

	Present
	Present
	Type-2 for 1

	Present
	Absent
	Invalid configuration according to the conditional presence defined in 38.331

	Absent
	Present
	· Type-1 for PF4 with 1
· Unspecified for PF4 with >1

	Absent
	Absent
	Type-1 for 1



6.4.1.3.3.1	Sequence generation
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.
-	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. 

Table 6.4.1.3.3.1-1: Cyclic shift index  for PUCCH format 3 with interlaced mapping and PUCCH format 4.
	Orthogonal sequence index 
	Cyclic shift index [image: ]
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