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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 the previous RAN1 meeting, significant progress on the specification of enhanced PUCCH formats 0/1/4 was made with a good number of PUCCH enhancements agreements. The agreements made in previous RAN1 meetings are listed in Appendix. However, some items on the specification of PUCCH resource sets prior to RRC configuration remained open.  
Construction of cell-specific PUCCH sets
During RAN1#106-e [6], it was agreed on the configuration of the number of RBs that
  Agreement:
· Support an RRC parameter to configure the number of RBs for a PUCCH resource for each of enhanced PUCCH formats 0, 1, and 4
· The parameter is provided by dedicated signaling (per UE) per BWP
  Agreement:
  For the agreed RRC parameter that configures the number of RBs for a PUCCH resource, the value range is given by the  
  following, where N_RB_Max is the maximum number of RBs per SCS value
· For enhanced PF0/1
· All integer values in the range [1 .. N_RB_Max]
· For enhanced PF4
· All integer values in the range [1 .. N_RB_Max] that fulfil the requirement  where  is  a set of non-negative integers
It was also agreed for cell-specific PUCCH resource sets that
  Agreement:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1
However, the configuration granularity for the number of RBs used with the SIB1 parameter may be considered open. As a coarse configuration granularity could provide at most 1 bit saving on the signalling, we see that the same configuration granularity should be applied for both cell-specifc PUCCH resource sets and dedicated configuration of PUCCH resources.
Proposal 1: For the SIB1 parameter that configures the number of RBs for a cell-specific PUCCH resource set, the value range contains all integer values in the range [1 .. N_RB_Max], where N_RB_Max is the maximum number of RBs.
With wide frequency allocations for PUCCH format 0/1, there may be shortage of RBs within initial BWP. Also the frequency hopping distance may considerably vary between different PUCCH resources. However, it was noted in RAN1#105 agreement [5] that: 
  Agreement:
· […]
· Note: No further enhancements on RB shortage issue and frequency hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration.
The RB shortage and frequency hopping distance can be adequately handled with configuration and scheduling made by gNB. The gNB may select to configure a PUCCH resource set located on the UL BWP edges with PRB offset 0 and prefer in scheduling also the PUCCH resources at the UL BWB edges. Of course, gNB should avoid and UE should ignore any PUCCH resource allocation that would be outside of the UL BWP due to RB shortage. Hence, we do not see any need to consider these enhancements further during this WI.
Observation: Further enhancements for PUCCH resource sets to mitigate RB shortage or to equalize frequency hopping distance should not be considered.
A further detail remaining open is the determination of PUCCH resource RBs when multiple RBs are configured for the PUCCH resource set, as the current specification in 38.213 9.2.1 is written for single RB resources. The RBs for the first 8 PUCCH resource indexes  are determined as
	“[…] the UE determines the PRB index of the PUCCH transmission in the first hop as  and 	the PRB index of the PUCCH transmission in the second hop as ,”
and the RBs for the last 8 PUCCH resource indexes as
	“… the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as ”
It is clear that a modification is needed on the RB determination for a PUCCH resource. The necessary modification is straightforward: the lowest PRB indexes of PUCCH resources are determined with a spacing given by the number of RBs on a PUCCH resource. 
· For the first 8 PUCCH resource indexes , equation  is replaced with  in the determination of the lowest PUCCH resource RB index and  is replaced with . 
· For the last 8 PUCCH resource indexes ,  is replaced with  and  with . 
Proposal 2: PUCCH resource RBs are defined so that RBs of the PUCCH resources in the cell-specific resource set are not partially overlapping. The lowest PRB indexes of PUCCH resource frequency hops are defined as  and as  for the first 8 PUCCH resource indexes and with  and as  for the last 8 PUCCH resource indexes.    
Table 1. Cell-specific PUCCH resource sets
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

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

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

	3
	1
	10
	4
	0
	{0, 6}

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

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

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

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

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

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

	11
	1
	0
	14
	0
	{0, 6}

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

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

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

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}


Conclusions 
In this contribution, we considered the remaining open items on the design of enhanced PUCCH formats 0/1/4 supporting multiple RB allocations. We made following observation and proposals: 
[bookmark: _Hlk67402846]Proposal 1: For the SIB1 parameter that configures the number of RBs for a cell-specific PUCCH resource set, the value range contains all integer values in the range [1 .. N_RB_Max], where N_RB_Max is the maximum number of RBs.
Proposal 2: PUCCH resource RBs are defined so that RBs of the PUCCH resources in the cell-specific resource set are not partially overlapping. The lowest PRB indexes of PUCCH resource frequency hops are defined as  and as  for the first 8 PUCCH resource indexes and with  and as  for the last 8 PUCCH resource indexes.    
Observation: Further enhancements for PUCCH resource sets to mitigate RB shortage or to equalize frequency hopping distance should not be considered.
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Appendix 
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 [5]:

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.

In RAN1#106-e [6], the following agreements were made on PUCCH enhancements 

Conclusion:
For enhanced (multi-RB) PF4, maintain the same maximum UCI payload limit as in Rel-15/16 (115 bits).
Agreement:
· For enhanced (multi-RB) PF4, the UCI payload is rate matched to the configured number of RBs, N_RB
· Note: This is analogous to Rel-16 for PF2/3 when interlacing is configured when there is a fixed number of RBs for the configured interlace(s).
Agreement:
· Support an RRC parameter to configure the number of RBs for a PUCCH resource for each of enhanced PUCCH formats 0, 1, and 4
· The parameter is provided by dedicated signaling (per UE) per BWP
[bookmark: _Hlk80295069]Agreement: For PF0/1 for PUCCH resource sets prior to RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.
Agreement: In the following, Alt-1 and Alt-2 refer to the RE mapping agreement for 120 kHz from RAN1#105-e:
· For enhanced PF0/1, for PUCCH resources after RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.
· For DMRS of enhanced PF4, only Alt-1 is supported (all REs within each RB are mapped).
· Note: optimization of user multiplexing for enhanced PUCCH format 0/1/4 is not considered in Rel-17.
Agreement:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1
Agreement: The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 120 kHz SCS
Agreement:
For the agreed RRC parameter that configures the number of RBs for a PUCCH resource, the value range is given by the following, where N_RB_Max is the maximum number of RBs per SCS value
· For enhanced PF0/1
· All integer values in the range [1 .. N_RB_Max]
· For enhanced PF4
· All integer values in the range [1 .. N_RB_Max] that fulfil the requirement  where  is a set of non-negative integers
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).
Agreement:
For enhanced PF0/1 support 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.
· Note: this is Alt-1 from the RAN1#104 agreement
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