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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A working item (WI) has been approved with the aim of extending NR up to 71 GHz by 3GPP TSG RAN Meeting #90 [1]. As a part of the objectives of the WI, one sub-agenda is to support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation. 
The RAN1#107-e meeting has covered the issue of sequence design for DMRS of multi-RB, and one FFS is to study is whether 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. Another partially discussed issue was on potential coverage imbalance between PF2/3 and PF4 [2] [3]. This document provides further views on these two issues. 

Discussion
2.1 Sequence design for DMRS of multi-RB PF4
	From RAN1#107-e meeting
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).

From RAN1#104bis-e meeting
Agreement:
User-multiplexing can be considered but as lower priority compared to maximum isotropic loss for PUCCH as a design criterion.




During RAN1#107-e, it was identified by the moderator that if pi2BPSK is used for PF4 the DMRS sequence is defined in Section 5.2.3 of TS38.211 [4], which is Type-2 low PAPR sequences. Based on the discussions, the Type-2 low PAPR sequences is supported if dmrs-UplinkTransformPrecodingPUCCH is configured and pi2BPSK is configured for the PUCCH resource. 

The remaining issue is on whether to support the combination of Type-1 low PAPR sequence and pi2BPSK modulation. When pi2BPSK is configured, the benefit of using Type-2 low PAPR sequence is that the PAPR would be lower than Type-1 low PAPR sequence, while the shortcoming associated with Type-2 low PAPR is that user-multiplexing is not supported. Thus, the main argument for further allowing Type-1 low PAPR sequence is that user-multiplexing can be supported. However, it was agreed in RAN1 #104bis-e meeting that user-multiplexing is of lower priority for PUCCH as a design criterion (for FR2-2), such that the potential benefit of allowing Type-1 low PAPR sequence is compromised. 

Observation 1. The potential benefit of allowing user-multiplexing with Type-1 low PAPR sequence for pi2BPSK is compromised given the agreement on lower priority for user-multiplexing for PUCCH as a design criterion. 
Therefore, it is not recommended to further support Type-1 low PAPR sequence when pi2BPSK is configured for multi-RB PUCCH format 4. 
Proposal 1. Not to support Type-1 low PAPR sequence when pi2BPSK is configured for multi-RB PUCCH format 4.  
Relating the sub-bullet within the FFS, i.e., the statement that 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, our opinion is that this can be a potential topic to be discussed under the UE feature agenda for FR2-2, although the PUCCH format 3 part is not relevant and can be removed since it is lack of study as basis for further discussion even in the maintenance phase. 

2.2 Potential coverage imbalance 
	From RAN1#106-e meeting
Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).
Conclusion:
For enhanced (multi-RB) PF4, maintain the same maximum UCI payload limit as in Rel-15/16 (115 bits).

From RAN1#107-e meeting
	Moderator
	Companies views are mixed. Some companies do not see an issue with coverage imbalance. Many companies view that the current agreements support a functional feature and prefer not to revisit prior agreements. Some companies which to revisit the conclusion on the maximum payload for PF4 if there is consensus to do so. Several companies point out that changes to PF2/3 are out of scope for this WI.

From the moderator's point of view, the only viable option is to re-visit the conclusion on the maximum payload size for enhanced (multi-RB) PF4. However, there is not consensus to do so.

FL Recommendation: De-prioritize this issue due to lack of consensus.






As we have brought up in RAN1#106bis-e [6], one inherent assumption in the agenda is that since PF2/3 do not restrict themselves to use only one RB, an enhancement is not necessary in Rel-17 for FR2-2. But one remaining concern is that whether PF2/3 is expected to deliver a satisfactory coverage performance, especially for PF3 when more than 115 bits are associated, given that it has not been studied in this agenda. 
During RAN1#107bis-e, one company [7] has pointed out that according to Clause 9.2.3 of TS 38.213 [8], the actual number of RBs used for PF2/3 transmission may be smaller than the number of RBs configured by RRC parameters, and the adjustment of number of RBs for PF2/3 transmission may result in degraded coverage. Evaluation result in [8] shows a worst case of 13dB+ MIL loss for PF3 when the payload size is 120 bits, and it was suggested that a similar agreement for PF2/3 such that the actual number of RBs do not vary dynamically similar to PF4. 
For the coverage imbalance issue, one viable option was to re-visit the conclusion on the maximum payload size for enhanced multi-RB PF4, although there was not consensus mainly for the limited time left in the WI during the RAN1#107bis-e meeting. While in the maintenance phase, there is time for additional discussion to take place, and we think that either 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. 
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. 

Conclusion
This document continues the discussions for enhancing PUCCH formats 0/1/4 on further details of sequence design for DMRS of multi-RB PF4 and present recommendations for alleviating the coverage imbalance issue between PF2/3 and PF4. 
Observation 1. The potential benefit of allowing user-multiplexing with Type-1 low PAPR sequence for pi2BPSK is compromised given the agreement on lower priority for user-multiplexing for PUCCH as a design criterion. 
Proposal 1. Not to support Type-1 low PAPR sequence when pi2BPSK is configured for multi-RB PUCCH format 4.  
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. 

References
[1] RP-202925, Revised WID: Extending current NR operation to 71 GHz, CMCC, 3GPP RAN#90-e.
[2] RAN1 Chairman’s Notes, 3GPP RAN1#107-e. 
[3]  R1-2110499, FL Summary for [107-e-NR-52-71GHz-03] Email discussion/approval on enhancements for PUCCH formats 0/1/4, 3GPP RAN1#107-e.

[4]  TS 38.211, Physical channels and modulation, v16.7.0, Oct. 2021. 
[5]  R1-2004285, Summary of UE features for eMIMO, June 2020.  
[6]  R1-2108784, On Enhancement of PUCCH Resource Set for 52.6GHz to 71GHz, Futurewei, 3GPP RAN1#106-bis-e. 
[7]  R1-2111309, Discussion on enhancements for PUCCH format 0/1/4, OPPO, 3GPP RAN1#107-e.
[8]  TS 38.213, Physical layer procedure for control, v16.7.0, Sep. 2021. 



