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Introduction
In RAN1#104b-e [2] and RAN1#105-e [3], following agreements on enhancements for PUCCH formats 0/1/4 were made:
	[bookmark: _Hlk63407597]RAN1#104b-e

Agreement:
· The maximum values for the configured number of RBs, NRB, for enhanced PF0/1/4 are at least:
· 12 RBs for 120 kHz SCS
· 3 RBs for 480 kHz SCS
· 2 RBs for 960 kHz SCS
· FFS: Whether or not the above values need to be revised to support larger values (and any associated signaling impact), e.g., to support lower UE Tx beamforming gain and/or larger UE EIRP and conducted power limits for different UE power classes, different from those in the agreed evaluation assumptions 

Agreement:
Down select to one of the following two alternatives for the configuration of the number of RBs, , for enhanced PUCCH formats 0/1/4:
· Alt-1:
· For enhanced PF0/1
· Support configuration of all integer values in the range [1 .. max()] for each SCS
· For enhanced PF4
· Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfill the requirement  where  is a set of non-negative integers.
· Alt-2:
· Same as Alt-1, but with coarser granularity, i.e., not all integer values of  can be configured
· FFS: Which values of  are supported values in the range [1 .. max()]

Agreement:
For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 only, as in Rel-15/16.

Agreement:
For DMRS of enhanced PF4, a Type-1 low PAPR sequence of length equal to the total number of mapped REs of 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).


Agreement:
For UCI of enhanced PF4, support pre-DFT blockwise spreading performed across all allocated RBs (Alt-1 in agreement from RAN1#104-e).


Agreement:
For addressing the FFS from the prior agreement in RAN1#104bis-e on the maximum values for the configured number RBs, send an LS to RAN4 asking for feasible maximum values for UE_EIRP and UE_P for operation in 52.6-71 GHz.

R1-2104060	[DRAFT] LS to RAN4 on maximum UE conducted power and maximum UE EIRP for operation in the 52.6 – 71 GHz band
R1-2104061	LS to RAN4 on maximum UE conducted power and maximum UE EIRP for operation in the 52.6 – 71 GHz band

Agreement:
User-multiplexing can be considered but as lower priority compared to maximum isotropic loss for PUCCH as a design criterion.

RAN1#105-e

Agreement:
· For 120 kHz SCS:
· Support at least Alt-1 for enhanced PF0/1 for both PUCCH resources before and after dedicated PUCCH resource configuration
· FFS: Whether or not Alt-2 is additionally supported for PF0/1 for either or both of the following:
· PUCCH resources before dedicated PUCCH resource configuration
· PUCCH resources after dedicated PUCCH resource configuration
· FFS: Supported RE mapping scheme(s) amongst {Alt-1, Alt-2} for enhanced PF4 including design details
· Notes:
· Alt-1 = all REs within each RB are mapped
· Alt-2 = a subset of REs within each RB are mapped (sub-PRB interlaced mapping)
· Which RE mapping scheme(s) to support for PF0/1/4 to be concluded in RAN1#106
· Note: No further enhancements on RB shortage issue and frequecy hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration.




In this contribution, we discuss potential issues and associated standards impacts on PUCCH enhancements in 52.6 – 71GHz.
Discussions
In RAN1#104b-e [2], maximum number of max(NRB) and support of NRB within the range [1 max(NRB)]. For max(NRB), 12 RBs, 3 RBs and 2 RBs were agreed for SCSs 120 kHz, 480 kHz and 960 kHz, respectively. However, there were some proposals to include larger max(NRB) considering other possible values of Tx beamforming gain, maximum EIRP and maximum conducted power. Given that, an LS to RAN4 [4] was additionally agreed to identify whether the additional values are needed or not. As the LS was already sent, it would be better to hold the discussion until receiving RAN4’s response. 
Observation 1: The LS to RAN4 was sent to ask whether the additional values of Tx beamforming gain, maximum EIRP and maximum conducted power should be considered or not.
Proposal 1: It is preferred to hold the discussion on max(NRB) until receiving RAN4’s response on the LS.
[bookmark: _Hlk71235527]For the support of NRB within in the range [1 max(NRB)], two alternatives were agreed for the configuration of the number of RBs for enhanced PUCCH formats 0/1/4. While Alt-1 supports configuration of all integer values for PUCCH format 0/1 and all integer values which fulfill the requirement  for PUCCH format 4 in the range [1 .. max(NRB)] for each SCS, Alt-2 supports coarser granularity. Alt-2 may reduce signaling overhead to indicate NRB and UE complexity to implement PUCCH formats 0/1/4, however, advantage on the signaling overhead is not well justified and the UE complexity can be handled by UE capability signaling.
Observation 2: Reduction of signaling overhead by supporting coarser granularity (Alt-2) is not well justified and UE complexity issue can be handled by UE capability signaling. 
Proposal 2: All integer values for PUCCH format 0/1 and all integer values which fulfill the requirement  for PUCCH format 4 (Alt-1) are supported.
In RAN1#104-e [1], for enhancements of PUCCH format 0/1/4, support of Type-1 low PAPR sequence was agreed with the following alternatives:
· Alt-1: A single sequence of length equal to the total number of mapped REs of the PUCCH resource is used. 
· Alt-2: A single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB.
· Frequency domain repetition of a single sequence of length equal to the number of mapped REs per RB also resolves the limited maximum peak conducted power. However, PAPR/CM impacts on the repetition should be additionally considered and may bring additional UE complexity and limited utilization of PUCCH resources. 
In RAN1#104b-e [2], utilization of Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource (Alt-1) is agreed for DMRS of PUCCH format 4, however, no decision was made for PUCCH format 0/1. As Alt-1 shows better CM and MIL performance than Alt-2, Alt-1 generally provides better coverage than Alt-2. In addition, as low-PAPR type 1 sequences are already defined for a sequence length 36 or larger, application of the sequence can be supported with minimum specification impact. Only possible benefit from Alt-2 is allowing user multiplexing with misaligned PUCCH resources, however, the benefit is doubted as frequencies in 52.6 – 71 GHz would highly benefit from spatial multiplexing considering narrow beamwidths and high pathloss. 
Observation 3: Alt-1 provides better coverage than Alt-2 based on low CM and MIL with minimum specification impact.
Observation 4: Alt-2 may allow user multiplexing with misaligned PUCCH resources, however, the benefits is doubted as frequencies in 52.6 – 71 GHz would highly benefit from spatial multiplexing considering narrow beamwidths and high pathloss. 
Proposal 3: It is preferred to support a single sequence of length equal to the total number of mapped REs of the PUCCH resource (Alt-1) for PUCCH format 0/1.
In RAN1#104-e [1] and RAN1#104bis-e [2], mapping of all REs within each RB (Alt-1) is agreed for enhanced PUCCH formats 0/1/4 with 480/960 kHz SCSs. Based on the agreements, in RAN1#105-e [3], while sub-PRB interlacing may provide some benefits such as improved UE multiplexing and improved spectral efficiency, mapping of all REs within each RB (Alt-1) is additionally agreed for PUCCH format 0 and 1 considering a uniform design for all available SCSs (i.e., 120/480/960 kHz), lack of opportunity to find UEs to multiplex and additional signaling overhead to indicate a resource mapping. In contrast to PUCCH formats 0 and 1, for PUCCH format 4 with 120 kHz, supported mapping scheme of DMRS for PUCCH format 4 is still FFS considering evaluated MIL gain. However, it is preferred to support mapping of all REs within each RB for DMRS of PUCCH format 4 considering additional implementation complexity of gNB and UE. As enhanced PUCCH formats 0/1/4 with 480/960 kHz SCSs support all REs, UE and gNB should additionally implement sub-PRB interlaced mapping for only PUCCH format 4 with 120 kHz SCS. In addition, if supported coverage of PUCCH format 4 with all RE mapping (Alt-1) is insufficient, other PUCCH formats with better coverage (e.g., PUCCH format 0 and 1) can be used to achieve the required coverage. 
Observation 5: As enhanced PUCCH formats 0/1/4 with 480/960 kHz SCSs support all REs, UE and gNB should additionally implement sub-RPB interlaced mapping for only PUCCH format 4 with 120 kHz SCS.
Observation 6: If supported coverage of PUCCH format 4 with all RE mapping (Alt-1) is insufficient, other PUCCH formats with better coverage (e.g., PUCCH format 0 and 1) can be used to achieve the required coverage.
Proposal 4: It is preferred to support all RE mapping for DMRS of PUCCH format 4 with 120 kHz SCS as well as other enhanced PUCCH formats.
Summary
In this contribution, we discussed the issues for PUCCH enhancements of NR in 52.6 – 71 GHz for PUCCH formats 0/1/4. From the discussions, we made following observations and proposals: 
Observation 1: The LS to RAN4 was sent to ask whether the additional values of Tx beamforming gain, maximum EIRP and maximum conducted power should be considered or not.
Observation 2: Reduction of signaling overhead by supporting coarser granularity (Alt-2) is not well justified and UE complexity issue can be handled by UE capability signaling. 
Observation 3: Alt-1 provides better coverage than Alt-2 based on low CM and MIL with minimum specification impact.
Observation 4: Alt-2 may allow user multiplexing with misaligned PUCCH resources, however, the benefits is doubted as frequencies in 52.6 – 71 GHz would highly benefit from spatial multiplexing considering narrow beamwidths and high pathloss. 
Observation 5: As enhanced PUCCH formats 0/1/4 with 480/960 kHz SCSs support all REs, UE and gNB should additionally implement sub-RPB interlaced mapping for only PUCCH format 4 with 120 kHz SCS.
Observation 6: If supported coverage of PUCCH format 4 with all RE mapping (Alt-1) is insufficient, other PUCCH formats with better coverage (e.g., PUCCH format 0 and 1) can be used to achieve the required coverage.
Proposal 1: It is preferred to hold the discussion on max(NRB) until receiving RAN4’s response on the LS.
Proposal 2: All integer values for PUCCH format 0/1 and all integer values which fulfill the requirement  for PUCCH format 4 (Alt-1) are supported.
Proposal 3: It is preferred to support a single sequence of length equal to the total number of mapped REs of the PUCCH resource (Alt-1) for PUCCH format 0/1.
Proposal 4: It is preferred to support all RE mapping for DMRS of PUCCH format 4 with 120 kHz SCS as well as other enhanced PUCCH formats.
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