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Introduction
[bookmark: _Hlk510705081]The revised work item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#92-e. Before that, 3GPP  carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz, reported in [2]. This contribution deals with the following objective of the WID:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
In previous RAN1 meetings, a good number of PUCCH enhancements agreements was made. The agreements are listed in Appendix 1. 
Supported RB allocations
In RAN1#104bis-e [4], the maximum number of RBs for enhanced PUCCH format 0/1/4 were discussed and the following was agreed:
	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: 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.



[bookmark: _Hlk72981634]In the RAN4 LS reply [7], it is stated that it is premature to answer what minimum peak EIRP value RAN4 will specify for UE power classes. The minimum peak EIRP of the FWA UE power class may be specified at around 25 dBm or higher, but further study is needed. Any EIRP between the minimum peak EIRP and the regulatory maximum EIRP limit is technically valid.
To progress further, we discuss the maximum number of supported RBs via an example case of a UE supporting larger EIRP and conducted power, that is, UE supporting up to 40 dBm EIRP and 21 dBm Tx power. Based on the agreed assumptions in [5], it can be calculated that
· In US, the maximum EIRP of 40 dBm supported by the UE is reached with the agreed 12, 3 and 2 RBs in case of 120 kHz, 480 kHz and 960 kHz SCS, respectively. 
· In Europe and especially in Korea, extreme PUCCH allocations would be needed to reach 40 dBm EIRP; 35 RBs and 348 RBs in case of 120 kHz SCS. 
· However, over 35 dBm and 25 dBm EIRP is allowed in Europe and Korea, respectively, with the agreed 12, 3 and 2 RB PUCCH allocations in case of 120 kHz, 480 kHz and 960 kHz SCS, respectively. Such EIRP values can be considered to be rather high for transmitting only a few UCI bits.
Maximum isotropic loss (MIL) based on the agreed assumptions in [5] is shown in Figure 1 for the considered UE example under European power limitation. The results are shown for 2-symbol PUCCH format 0 and Alt. 1 sequence design. It can be seen that increasing RB allocation beyond 12, 3, and 2 RBs for 120 kHz, 480 kHz and 960 kHz SCS, respectively, increases the MIL further. However, rather reasonable MIL values are achieved already with the 12, 3, and 2 RB allocations. The largest MIL over different SCS values for equal bandwidth is achieved with 120 kHz SCS.
[image: ]
Figure 1. MIL for 2-symbol PUCCH format 0 for UE with 40 dBm EIRP and 21 dBm conducted power limits under European power limitation for 120 kHz, 480 kHz, and 960 kHz SCS. Alt.1 sequence used. 
When considering UEs supporting EIRP and conducted power values greater than 25 dBm and 21 dBm, we note that:
· Increasing the size of PUCCH allocation beyond the agreed maximum values can also increase coverage.
· Reaching the maximum EIRP may require extreme RB allocation, especially in Korea, that is simply impractical for transmitting just a few bits. Hence, the maximum supported RB allocation cannot be determined in all cases simply based on the RBs required to reach maximum EIRP allowed for UE.
· In the shown results, largest coverage is achieved with 120 kHz SCS. Up to 16 RBs can be allocated for PUCCH format 2 and format 3. As these formats are not enhanced further, 16 RBs can be seen as a natural upper limit for RB allocations considered for enhanced PUCCH format 0/1/4 with 120 kHz SCS.
Based on the discussion above, we propose:
[bookmark: _Hlk79156872]Observation 1: Determining maximum value for configured RBs solely based on bandwidth needed for reaching maximum EIRP or conducted power limit may lead to impractically large PUCCH allocations
Observation 2: PUCCH format 2/3 configuration limit of 16 RBs can be seen as an upper limit for RB allocations considered for enhanced PUCCH format 0/1/4 with 120 kHz SCS
Proposal 1: The maximum values for the configured number of RBs for enhanced PF0/1/4 are either the agreed 12/3/2 RBs for 120/480/960 kHz SCS or are extended to 16 RBs and 4 RBs for 120 and 480 kHz SCS, respectively. 
Enhanced PUCCH format design
Sequence construction for enhanced PUCCH formats 0/1
Two alternatives for enhanced PUCCH format 0/1 sequence design were identified in RAN1#104 [3]:

	Agreement:
· For enhanced PF0/1, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives:
· Alt-1: A single sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· 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. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· […]



Both sequence designs can be seen as extensions of Rel-16 sequence design; Alt. 1 as extension of non-interlaced PUCCH format 0/1 sequence and Alt. 2 resembling the sequence design for interlaced PUCCH. Crucial aspect of the Alt. 2 repeated sequence design is the CM/PAPR reduction mechanism, which may follow Rel-16 design or may be different. When comparing the alternatives, both Alt.1 and Alt. 2 signals can be detected with RB specific processing, if so desired, meaning that similar processing and detection performance is achieved for both sequence design alternatives.
A benefit of Alt. 2 over Alt. 1 is that it supports multiplexing of users with “misaligned” RB allocations, i.e., with partially but not fully overlapping RB allocations of PUCCH format 0/1. Such situation may be faced with UE-specific dedicated PUCCH resources. As the number of UEs served simultaneously via the same beam can be rather limited, we see this as a minor benefit. We do not see a need for supporting multiplexing of users with misaligned RB allocations with enhanced PUCCH formats 0/1. 
[bookmark: _Hlk79157249]Observation 3: We do not see a need for supporting multiplexing of users with misaligned RB allocations with enhanced PUCCH formats 0/1.
Focusing next to coverage, we present results for maximum achievable EIRP based on the agreed assumptions in [5]. We present the maximum achievable EIRP on the Figure 2 for a UE supporting up to 25 dBm EIRP and 21 dBm Tx power with 6 dB beamforming gain.
· Maximum EIRP according to US and Korean regulations is shown with solid line while EIRP according to European regulations is shown with dashed line
· Alt. 1 sequence design is shown with blue line while Alt. 2 sequence design is shown with orange line.
· Results are shown for PUCCH format 0. Basically similar CM values and, hence, maximum allowed EIRP values are obtained also for PUCCH format 1. 
From the Figure 2, it can be noted that the impact from sequence design alternatives can be seen only with few PRB allocations, like 2, 3, and 4 RBs. With those RB allocations, Alt. 2 sequence design results in high enough CM backoff to reduce the maximum achievable EIRP by 0.3-0.9 dB, which translates to equal loss in coverage. Allocations of 2 and 4 RBs may also be the maximum supported PUCCH allocations for 960 kHz and 480 kHz SCS, respectively. This can be seen as a drawback for Alt. 2. On the other hand, Alt. 2 has been reported to provide lower CM with 12 – 16 RB allocations, which may translate to coverage improvement with 120 kHz SCS for UEs with over 25 dBm maximum EIRP. Hence, both sequence designs can be seen to have their own merits, providing some coverage benefits for 480/960 kHz SCS with all UE maximum EIRP values or for 120 kHz SCS only with high UE maximum EIRP values and wide PUCCH allocations. We prefer the benefits of Alt. 1 and propose: 
[bookmark: _Hlk71624526]Proposal 2: Support Alt-1 sequence construction: a single sequence of length equal to the total number of mapped REs for PUCCH Format 0/1 resources.
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Figure 2. Maximum achievable EIRP as a function of allocated RBs for PUCCH format 0 in case of UE with 25 dBm EIRP and 21 dBm conducted power limits for 120 kHz, 480 kHz, and 960 kHz SCS. Results are shown for Alt.1 (blue) and Alt.2 (orange) sequence designs. 
Mapping to resource elements
In RAN1#104e [3], agreement was made on the RB allocation and mapping to REs. On the agreement, two alternative mappings to REs are identified: 

Agreement: For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120/480/960 kHz SCS, support allocation of N_RB contiguous RBs
· FFS: Values of N_RB for each SCS
· For 480/960 kHz SCS, all REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· For 120 kHz SCS, further discuss the following two alternatives:
· Alt-1: All REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· Alt-2: Subset of REs within each RB are mapped (sub-PRB interlaced mapping)
In RAN1#105e [6], a further agreement was reached:  
  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 frequency hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration.

[bookmark: _Hlk71624566]Alternative 1 is straightforward mapping to the all REs among the allocated RBs and supported for all SCSs. Support for Alt.2 would results in a smaller number of REs per PUCCH resource, which could be used to support more PUCCH resources via multiplexing of interlaces. However, the multiplexing is limited between resources of enhanced PUCCH formats due to sub-PRB interlacing. This reduces the realization of multiplexing benefit into a small subset of multiplexing cases. We do not see this to provide sufficient motivation for supporting multiple RE mapping schemes. Further, it is not reasonable to introduce sub-RB interlaced mapping only for enhanced PUCCH format 4 in case of 120 kHz SCS.
[bookmark: _Hlk79156966]Proposal 3: For 120 kHz SCS, all REs within each RB are mapped also for enhanced PUCCH format 4 (i.e. Alt-1).
Proposal 4: Multiple RE mapping schemes are not supported for enhanced PUCCH format 0/1/4 .
Resource configuration for enhanced PUCCH
The PUCCH resource configuration needs to be changed to support multi-RB resource allocation. There are two distinct configuration cases: 
· dedicated PUCCH resource configuration in PUCCH-Config
· configuration of a common PUCCH resource set by the pucch-ResourceCommon as an index to a row of Table 9.2.1-1 in TS38.213
In RAN1#104bis-e [4], it was agreed that
	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()]


Dedicated PUCCH resource configuration
In Rel-15 NR dedicated PUCCH resource configuration, PUCCH format 2 can be configured with any number of RBs up to 16, and PUCCH format 3 can be configured with any number of RBs up to 16 that fulfil the requirement  where  is a set of non-negative integers. We do not see any reason to deviate from that design and, hence, propose Alt.1 for dedicated PUCCH resource configuration. 
[bookmark: _Hlk79157219]Proposal 5: In case of dedicated PUCCH resource configuration, Alt-1 is supported for the configuration of the number of RBs.
Configuration for common PUCCH resource set
The situation is quite different in the case of a common PUCCH resource set. There are 16 resource sets defined with very limited configuration options for PUCCH duration and PRB offset, when compared to the configuration options supported for dedicated PUCCH resource configuration. For example, only 3 PUCCH durations (4, 10 and 14 symbols) are supported for PUCCH format 1, while 11 durations are supported with the dedicated configuration. We do not see any need to deviate from this design approach in the case of number of RBs by introducing specific SIB1 parameter for the  but not for the other PUCCH resource parameters. There is simply no need to support all configuration options for the number of RBs. It is enough to support few values representing reasonably the supported range of RBs.   
[bookmark: _Hlk71624594][bookmark: _Hlk79157194]Observation 4: Rel-16 common PUCCH resource sets provide coarse configuration granularity for number of PUCCH symbols and PRB offset.
Proposal 6: In case of common PUCCH resource set, Alt-2 is supported for the configuration of the number of RBs.
In Rel-16, the common PUCCH resource sets were enhanced to support interlaced allocation. This was achieved by introducing interlaced PUCCH specific interpretation of the Table 9.2.1-1. Also now the Table 9.2.1-1 or the interpretation of the table can be extended to support enhanced PUCCH formats 0/1. 
In the RAN1#105e agreement [6] it was noted that “No further enhancements on RB shortage issue and frequency hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration”. Hence, we propose following modifications to the common PUCCH resource sets: 
· A range of RB allocations is supported in the common PUCCH resource sets: The number of allocated RBs is proposed to depend on the indicated common resource set (Table 9.2.1-1 row index) and vary between the sets. Some sets have 1 RB allocation, while other sets have allocation of 2 RB, 4 RB, etc. 
· The PUCCH bandwidth and, correspondingly, allowed maximum EIRP, should be rather similar for different SCSs (if supported for initial BWP). Hence the number of allocated RBs is proposed to be inversely proportional to the BWP SCS for the same common PUCCH resource set.  
For convenience, the proposed modifications to the common PUCCH resource sets are illustrated with bold font on  Table 1 below. 
[bookmark: _Hlk71624634]Proposal 7: Common PUCCH resource sets prior to dedicated configuration are modified to indicate different number of RBs depending on the BWP SCS value. 
Table 1. Proposed modifications to the common PUCCH resource sets
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset
	Set of initial CS indexes
	PRBs for 120/ 480/960 kHz SCS

	0
	0
	12
	2
	0
	{0, 3}
	1/1/1

	1
	0
	12
	2
	0
	{0, 4, 8}
	12 / 3 / 2

	2
	0
	12
	2
	3 
	{0, 4, 8}
	4 / 1 / 1

	3
	1
	10
	4
	0
	{0, 6}
	1/1/1

	4
	1
	10
	4
	0
	{0, 3, 6, 9}
	1/1/1

	5
	1
	10
	4
	2 
	{0, 3, 6, 9}
	1/1/1

	6
	1
	10 
	4
	4 
	{0, 3, 6, 9}
	1/1/1

	7
	1
	4
	10
	0
	{0, 6}
	1/1/1

	8
	1
	4
	10
	0
	{0, 3, 6, 9}
	12 / 3 / 2

	9
	1
	4
	10
	2
	{0, 3, 6, 9}
	4 / 1 / 1

	10
	1
	4
	10
	4 
	{0, 3, 6, 9}
	1/1/1

	11
	1
	0
	14
	0
	{0, 6}
	1/1/1

	12
	1
	0
	14
	0
	{0, 3, 6, 9}
	1/1/1

	13
	1
	0
	14
	2 
	{0, 3, 6, 9}
	12 / 3 / 2

	14
	1
	0
	14
	4 
	{0, 3, 6, 9}
	4 / 1 / 1

	15
	1
	0
	14
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	{0, 3, 6, 9}
	1/1/1


Conclusions
In this contribution, we considered the design of enhanced PUCCH formats 0/1/4 supporting multiple RB allocations. We made following observations and proposals: 
Observation 1: Determining maximum value for configured RBs solely based on bandwidth needed for reaching maximum EIRP or conducted power limit may lead to impractically large PUCCH allocations
Observation 2: PUCCH format 2/3 configuration limit of 16 RBs can be seen as an upper limit for RB allocations considered for enhanced PUCCH format 0/1/4 with 120 kHz SCS
Proposal 1: The maximum values for the configured number of RBs for enhanced PF0/1/4 are either the agreed 12/3/2 RBs for 120/480/960 kHz SCS or are extended to 16 RBs and 4 RBs for 120 and 480 kHz SCS, respectively. 
Observation 3: We do not see a need for supporting multiplexing of users with misaligned RB allocations with enhanced PUCCH formats 0/1.
Proposal 2: Support Alt-1 sequence construction: a single sequence of length equal to the total number of mapped REs for PUCCH Format 0/1 resources.
Proposal 3: For 120 kHz SCS, all REs within each RB are mapped also for enhanced PUCCH format 4 (i.e. Alt-1).
Proposal 4: Multiple RE mapping schemes are not supported for enhanced PUCCH format 0/1/4.
 Proposal 5: In case of dedicated PUCCH resource configuration, Alt-1 is supported for the configuration of the number of RBs.
 Observation 4: Rel-16 common PUCCH resource sets provide coarse configuration granularity for number of PUCCH symbols and PRB offset.
Proposal 6: In case of common PUCCH resource set, Alt-2 is supported for the configuration of the number of RBs.
Proposal 7: Common PUCCH resource sets prior to dedicated configuration are modified to indicate different number of RBs depending on the BWP SCS value. 
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Appendix 1
The following agreements related to PUCCH enhancements were made in RAN1 #104-e [3]:
[bookmark: _Hlk63407597]Agreement: Tables 1, 2, and 3 in Section 2.3 of R1-2102127 are agreed as a common set of assumptions for link level simulations and link budget calculations for evaluating enhancements to PUCCH formats 0/1/4 
Note: Other parameters can be additionally considered in the evaluations
Agreement: For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120/480/960 kHz SCS, support allocation of N_RB contiguous RBs
· FFS: Values of N_RB for each SCS
· For 480/960 kHz SCS, all REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· For 120 kHz SCS, further discuss the following two alternatives:
· Alt-1: All REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· Alt-2: Subset of REs within each RB are mapped (sub-PRB interlaced mapping)
Agreement:
The configured number of RBs for enhanced PF 0/1/4 is denoted NRB
· The minimum value of NRB is 1 for PF 0/1/4 for all subcarrier spacings
· The maximum value of NRB depends on subcarrier spacing
· FFS: maximum value for each SCS and each of PF0/1/4
· FFS: Allowed values of NRB within the [min/max] range
· FFS: Details of indication of NRB by cell-specific (for PF0/1) and dedicated signaling (PF0/1/4)
· FFS: Whether or not multiplexing of users with misaligned RB allocations is supported, where "misaligned" also includes users with different # of RBs.
· For PF4:
· The actual number of RBs used for a PUCCH transmission is equal to NRB, i.e., the actual number of RBs does not vary dynamically based on PUCCH payload
· NRB fulfils the following:  where  is a set of non-negative integers
· Note: if frequency hopping is enabled, NRB is the number of RBs per hop
· Note: decisions on the maximum value of NRB for each SCS and PUCCH format shall take into account link budgets based at least on the agreed evaluation assumptions
Agreement:
· For enhanced PF0/1, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives:
· Alt-1: A single sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· 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. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact
Agreement:
· For DMRS of enhanced PF4, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives for sequence construction:
· Alt-1: A single 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-2: A single sequence of length equal to the number of mapped Res per PRB of the PUCCH resource is used, and the sequence is repeated in each PRB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact

Agreement:
· For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 as defined for Rel-16 PF4
· Further study the following and decide in RAN1#104-b:
· Whether or not additional OCC lengths are supported
· Down-select to one of the following alternatives for blockwise spreading
· Alt-1: Blockwise spreading is performed across all allocated RBs
· Alt-2: Blockwise spreading and DFT is performed per-RB followed by per-RB PAPR/CM reduction mechanism.
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact

The following agreements were made in RAN1 #104bis-e [4]:

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

The following agreements related to PUCCH enhancements were made in RAN1 #105-e [6]:

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 frequency hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration.
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