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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#90-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 RAN1#104-e [3], a good number of PUCCH enhancements agreements was made. The agreements are listed in Appendix 1. 
Transmit power and link budget evaluations
A common set of assumptions for link level simulations and link budget calculations was agreed In RAN1#104-e. The simulations and link budget calculations are necessary to determine the maximum number of RBs that can be configured for a PUCCH resource as well as to investigate the following alternatives for enhanced PUCCH format 0/1 sequence design: 
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
In this section, we present results based on the agreed assumptions in [4]. Maximum allowed Tx power is limited by three components: 
· UE limit on EIRP, from which beamforming gain is reduced
· UE limit on conducted power from which a backoff value estimated with CM is reduced
· Regulatory limits on EIRP and/or conducted power. In here, we consider regulatory limits on US, European, and Korea.
We illustrate each of these components as a function of PUCCH bandwidth in Figure 1. In the figure, a UE with 25 dBm maximum EIRP, 6 dB beamforming gain, and 21 dBm maximum conducted power is considered together with US and Korean regulatory power limit. CM was evalutated for PUCCH format 0 with Alt. 1. and Alt. 2 sequence designs for 2, 3, and 4 RB allocations with 480 kHz SCS. The maximum conducted power with the CM backoff values are shown with triangular and square markers in Figure 1. It can be noted that in this example, the maximum allowed Tx power is limited by regulations at low PUCCH bandwidths. At higher PUCCH bandwidths, the Tx power is limited by UE’s maximum conducted power or by UE’s maximum EIRP, depending on the CM value.    
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Figure 1. Maximum allowed Tx power for PUCCH format 0 in case of UE with 25 dBm EIRP and 21 dBm conducted power limits. Maximum conducted power with CM backoff is shown for Alt. 1 and Alt. 2 sequence constructions with triangular (Δ) and square (□) markers, respectively, for 480 kHz SCS with 2, 3, and 4 RB allocation. 
Next we take a more thorough look at the UE’s maximum allowed Tx power. We present the corresponding 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
· Sequence design according to Alt. 1 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. The identified DMRS sequence design alternatives for PUCCH format 4 do not cause differences in the maximum allowed EIRP values.   
From the Figure 2, it can be noted that
· In USA and Korea, a wider PUCCH allocation increases the maximum allowed/achievable EIRP considerably.
· The increase is large, over 10 dB, with 120 kHz SCS while the increase is more modest with 480 kHz and 960 kHz SCS. With a larger SCS, even a single PRB occupies rather wide bandwidth allowing for a higher maximum EIRP.  
· There is no benefit for 25 dBm UE from increasing PRB allocation beyond 12, 3, and 2 PRBs for 120 kHz, 480 kHz and 960 kHz SCS, respectively.
· UE with 25 dBm maximum EIRP does not (considerably) benefit from a wider PUCCH allocation in Europe.
· The impact from sequence design alternatives can be seen only with few PRB allocations, like 2, 3, and 4 PRBs. With those allocations, Alt. 2 sequence design results in high enough CM backoff to reduce the maximum achievable EIRP by 0.3-0.9 dB.  
The corresponding maximum allowed EIRP is shown on the Figure 3 for an UE supporting up to 40 dBm EIRP and 21 dBm Tx power. From the figure, it can be noted that
· A wider PUCCH allocation increases the maximum allowed EIRP considerably in all considered cases (USA, Korea, Europe)
· In USA, the maximum EIRP of 40 dBm supported by the UE is reached with 12, 3 and 2 PRBs in case of 120 kHz, 480 kHz and 960 kHz SCS, respectively. 
· In Europe and especially in Korea, significantly larger PUCCH allocations would be needed to reach 40 dBm EIRP; 35 PRBs and 348 PRBs in case of 120 kHz SCS. Over 35 dBm and 25 dBm EIRP is allowed in Europe and Korea, respectively, for 12, 3 and 2 PRB 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 few UCI bits.
· The impact from sequence design alternatives is seen only with few PRB allocations, similarly to Figure 2. In those cases, Alt. 2 sequence design reduces the maximum achievable EIRP by 1.3-1.9 dB.  
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Figure 2. Maximum achievable EIRP as 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. 
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Figure 3. Maximum achievable EIRP as function of allocated RBs for PUCCH format 0 in case of UE with 40 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. 
Maximum isotropic loss (MIL) is shown in Figures 4-6 for a UE supporting up to 25 dBm EIRP and 21 dBm Tx power under USA and Korean power limitation. The results are shown for 2-symbol PUCCH format 0, 14-symbol PUCCH format 1 and 14-symbol PUCCH format 4 in Figures 4, 5, and 6, respectively. In the figures, the results are shown for Alt.1 sequence design. Alt. 2 sequence design for PUCCH format 0 and 1 would suffer from similar MIL degradation as seen in Figure 2 for maximum achievable EIRP. In the case of PUCCH format 4, DMRS sequence design alternatives result in the same MIL values. MIL values are shown for TDL-A channel with 10 ns and 20 ns delay spread. Tables for MIL calculation are shown in Appendix 2.
It can be seen from the figures that when PUCCH allocation is increased from 1 PRB to 12, 3, and 2 PRB in case of 120 kHz, 480 kHz and 960 kHz SCS, respectively, the MIL is increased significantly. However, when PUCCH allocation is increased even further, no improvement in MIL is seen. This is aligned with the observations made from Figure 2.  
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Figure 4. MIL for 2-symbol PUCCH format 0 for 25 dBm EIRP UE under USA and Korean power limitation. Alt.1 sequence used. 
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Figure 5. MIL for 14-symbol PUCCH format 1 for 25 dBm EIRP UE under USA and Korean power limitation. Alt.1 sequence used. 
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Figure 6. MIL for 14-symbol PUCCH format 4 with 22 bit payload for 25 dBm EIRP UE under USA and Korean power limitation. Alt.1 sequence used. 
In Figure 7, maximum isotropic loss is shown for UE supporting up to 40 dBm EIRP and 21 dBm Tx power 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 PRB allocation beyond 12, 3, and 2 PRB for 120 kHz, 480 kHz and 960 kHz SCS, respectively, increases the MIL further, although rather reasonable MIL values are achieved already with the 12, 3, and 2 PRB allocations.
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Figure 7. MIL for 2-symbol PUCCH format 0 for 40 dBm EIRP UE under European power limitation. Alt.1 sequence used. 
Discussion
Supported RB allocations
One of the open items for the supported RB allocations is the maximum number of RBs that can be configured for each of the enhanced PUCCH formats 0/1/4 and for each SCS. We note that 
· 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 results shown in the previous section, the maximum achievable EIRP and link budget are not improved for UE with 25 dBm max EIRP and 6 dB antenna gain when PRB allocation is increased beyond 16 MHz, that is, beyond 12/3/2 RBs for 120/480/960 kHz SCS, respectively. UEs supporting high maximum EIRP (over 35 dBm in Europe and over 25 dBm in Korea) can benefit from a wider PUCCH allocation, but it can be questioned how practical it is to require over 35 dBm EIRP for transmission of couple of HARQ-ACK bits. 
· At least enhanced PUCCH formats 0/1 are used on the initial BWP, which may have rather modest number of PRBs. Supporting a very wide RB allocation for PUCCH can reduce possibilities for PUCCH multiplexing in frequency domain. Hence we see maximum allocation of 12 RBs more reasonable design choice than 16 RBs. 
Based on the discussion above, we propose:
Observation 1: PUCCH allocations going beyond 12/3/2 RBs for 120/480/960 kHz SCS, respectively, provide coverage gain only for UEs supporting high maximum EIRP in either Europe or Korea.
Proposal 1: Enhanced PUCCH format 0/1/4 resource allocations up to 12/3/2 RBs are supported for 120/480/960 kHz SCS, respectively. 
Designs for enhanced PUCCH formats
As stated in Section 2, two alternatives for enhanced PUCCH format 0/1 sequence design were identified in RAN1#104. 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, we make following notes:   
· 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 drawback of Alt. 1 is that it does not support 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 do not see this as a major limitation for Alt. 1 or benefit for Alt. 2. 
· Alt. 2 with Rel-16 CM/PAPR reduction mechanism has rather high CM with 2, 3, and 4 RB allocations which is seen to reduce achievable maximum EIRP in Figures 3 and 4. This can be seen as a considerable drawback for Alt. 2. However, as there exists a reasonable alternative 1, we do not see that this justifies for investing additional efforts for investigation, designing and standardizing a new CM/PAPR reduction mechanism for Alt. 2 with contiguous allocation of RBs.   
Based on the discussion above, we propose: 
Proposal 2: We have a slight preference for Alt-1 sequence construction: a single sequence of length equal to the total number of mapped REs for PUCCH Format 0/1 resources.
Observation 2: We do not see a need for supporting multiplexing of users with misaligned RB allocations with enhanced PUCCH formats 0/1/4.
Similar sequence design alternatives were identified also for enhanced PUCCH format 4 DMRS. Another open issue for PUCCH format 4 is whether block-wise spreading is performed across all allocated RBs (Alt.1) or per RB (Alt.2). 
We observed that the DMRS sequence design alternatives have only insignificant impact to the PUCCH format 4 CM characteristics. Alt. 1 DMRS sequence is similar to the DMRS sequence of PUCCH format 3, both with and without block-wise spreading. Additionally, interlaced PUCCH format 3 supports block-wise spreading across all allocated RBs.  Hence, Alt. 1 for DMRS sequence and Alt. 1 for block-wise spreading have similarity with Rel-16 PUCCH format 3, allowing for simpler overall PUCCH design. On other hand, Alt.2 sequence together with Alt. 2 block-wise spreading per RB can support multiplexing of “misaligned” RB allocations among PUCCH format 4 users. However, Alt. 2 block-wise spreading requires further efforts for determination and specification of adequate CM/PAPR reduction mechanism. As we do not see the multiplexing of misaligned PUCCH format 4 resources as a particularly important feature in NR beam-based operation on 60 GHz band, we prefer PUCCH design simplicity. Hence, we propose:   
Proposal 3: Alt-1 sequence construction, a single sequence of length equal to the total number of mapped REs, is supported for DMRS of enhanced PUCCH format 4.
Proposal 4: For enhanced PUCCH format 4, block-wise spreading is performed across all allocated RBs. No additional OCC lengths are supported.
With the above proposals for Alt. 1 sequence construction for enhanced PUCCH format 0/1 and for enhanced PUCCH format 4 DMRS, as well as for Alt. 1 for enhanced PUCCH format 4 block-wise spreading, it is reasonable limit the supported RB allocation sizes so that introduction of new DFT sizes and sequence lengths are avoided. Hence, we propose that the number of RBs for the enhanced PUCCH format 0/1/4 are restricted to be product of 2, 3, 5 only.  
Proposal 5: The number of RBs for the enhanced PUCCH format 0/1/4 are restricted to be product of 2, 3, 5 only.  .
Enhanced PUCCH resource configuration
The PUCCH resource configuration needs to be changed to support multi-RB resource allocation. In the case of dedicated PUCCH resource configuration in PUCCH-Config, a field for the number of RBs, nrofPRBs used with PUCCH format 2 and 3, can be introduced to enhanced PUCCH format 0/1/4 configuration. The supported RB allocations can be restricted to 1,2,3,4,5,6,8,9,10,12 RBs for 120 kHz SCS, 1,2,3 RBs for 480 kHz SCS, and 1,2 RBs for 960 kHz SCS.
Proposal 6: In case of dedicated PUCCH resource configuration, a field for the number of RBs is introduced to enhanced PUCCH format 0/1/4 configuration with SCS specific restriction on the maximum number of RBs.
Before UE receives the dedicated configuration of PUCCH resources, UE uses a common PUCCH resource set provided by the pucch-ResourceCommon as an index to a row of Table 9.2.1-1 in TS38.213. 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 needs to be extended with the use of enhanced PUCCH formats 0/1. 
We propose following modifications to the common PUCCH resource sets: 
· The number of RBs needed for PUCCH format 0/1 varies as function of cell range and PSD limit as well as region. Hence, a range of RB allocations should be supported in the common PUCCH resource sets. The number of allocated RBs should 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 should be inversely proportional to the BWP SCS for the same common PUCCH resource set.  
· With increased number of RBs, the possibilities for frequency multiplexing are reduced, especially in case of relatively narrow BWP. For example, 16 PUCCH resources with 12 RB allocation cannot be supported on 24 PRB BWP with current set of initial cyclic shifts. To ensure 16 resources with 12 RB allocation even on narrow BWPs, the number of used OCC codes for PUCCH format 1 should be increased to 2, PRB offset should be set to zero, and number of possible PUCCH starting positions should be increased for PUCCH format 0. However, the use of multiple starting positions should be minimized and the 16 PUCCH resources should be determined by using the whole BWP bandwidth for frequency domain multiplexing first, before using the second PUCCH starting position.   
For convenience, the proposed modifications to the common PUCCH resource sets are illustrated with bold font on Table 1 below. 
Proposal 7: Portion of common PUCCH resource sets prior dedicated configuration are modified with RB allocation, first symbol, PRB offset, PUCCH format 1 OCC codes 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
	Number of OCCs

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

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

	2
	0
	12 (12, 10, 8, 6 for 120 kHz)
	2
	3 (0 for 120 kHz)
	{0, 4, 8}
	12 / 3 / 2
	

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

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

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

	6
	1
	10 
	4
	4 (0 for 120 kHz)
	{0, 3, 6, 9}
	12 / 3 / 2
	2 for 120 kHz

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

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

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

	10
	1
	4
	10
	4 (0 for 120 kHz)
	{0, 3, 6, 9}
	12 / 3 / 2
	2 for 120 kHz

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

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

	13
	1
	0
	14
	2 
	{0, 3, 6, 9}
	4 / 1 / 1
	1

	14
	1
	0
	14
	4 
	{0, 3, 6, 9}
	8 / 2 / 1
	2 for 120 kHz

	15
	1
	0
	14
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(0 for 120 kHz)
	{0, 3, 6, 9}
	12 / 3 / 2
	2 for 120 kHz


Mapping to resource elements
In RAN1#104e, 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)
Alternative 1 is straightforward mapping to the all REs among the allocated RBs. Alt.2 results in a smaller number of REs per PUCCH resource, which may 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. Additionally, e.g. sequence design with corresponding investigations on CM properties should be carried out. For the sake of simplicity and standardization effort, we support Alternative 1.    
Proposal 8: All REs within each RB are mapped for enhanced PUCCH formats 0/1/4.
Conclusion
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: PUCCH allocations going beyond 12/3/2 RBs for 120/480/960 kHz SCS, respectively, provide coverage gain only for UEs supporting high maximum EIRP in either Europe or Korea.
Proposal 1: Enhanced PUCCH format 0/1/4 resource allocations up to 12/3/2 RBs are supported for 120/480/960 kHz SCS, respectively. 
Proposal 2: We have a slight preference for Alt-1 sequence construction: a single sequence of length equal to the total number of mapped REs for PUCCH Format 0/1 resources.
Observation 2: We do not see a need for supporting multiplexing of users with misaligned RB allocations with enhanced PUCCH formats 0/1/4.
Proposal 3: Alt-1 sequence construction, a single sequence of length equal to the total number of mapped REs, is supported for DMRS of enhanced PUCCH format 4.
Proposal 4: For enhanced PUCCH format 4, block-wise spreading is performed across all allocated RBs. No additional OCC lengths are supported.
Proposal 5: The number of RBs for the enhanced PUCCH format 0/1/4 are restricted to be product of 2, 3, 5 only.  
Proposal 6: In case of dedicated PUCCH resource configuration, a field for the number of RBs is introduced to enhanced PUCCH format 0/1/4 configuration with SCS specific restriction on the maximum number of RBs.
Proposal 7: Portion of common PUCCH resource sets prior dedicated configuration are modified with RB allocation, first symbol, PRB offset, PUCCH format 1 OCC codes depending on the BWP SCS value. 
Proposal 8: All REs within each RB are mapped for enhanced PUCCH formats 0/1/4.
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Appendix 1
The following agreements related to maximum bandwidth were made in RAN1 #104-e:
[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
Appendix 2
The calculation of maximum isotropic losses presented in Figures 4-7 are presented in the following tables.
Table 2. MIL for 2-symbol PUCCH format 0 for 25 dBm EIRP UE under USA and Korean power limitation and 20 ns delay spread.
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Table 3. MIL for 2-symbol PUCCH format 0 for 25 dBm EIRP UE under USA and Korean power limitation and 10 ns delay spread.
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Table 4. MIL for 14-symbol PUCCH format 1 for 25 dBm EIRP UE under USA and Korean power limitation and 20 ns delay spread.
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Table 5. MIL for 14-symbol PUCCH format 1 for 25 dBm EIRP UE under USA and Korean power limitation and 10 ns delay spread.
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Table 6. MIL for 14-symbol PUCCH format 4 with 22 bit payload for 25 dBm EIRP UE under USA and Korean power limitation and 20 ns delay spread.
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Table 7. MIL for 14-symbol PUCCH format 4 with 22 bit payload for 25 dBm EIRP UE under USA and Korean power limitation and 10 ns delay spread.
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Table 8. MIL for 2-symbol PUCCH format 0 for 40 dBm EIRP UE under European power limitation and 20 ns delay spread.
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Table 9. MIL for 2-symbol PUCCH format 0 for 40 dBm EIRP UE under European power limitation and 10 ns delay spread.
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Parameter Value Value Value Value Value Value Value Value Value Notes

PUCCH Format 0 0 0 0 0 0 0 0 0 PF0, PF1, PF4

Subcarrier spacing, SCS 

[kHz]

120 480 960 120 480 960 120 480 960 SCS = {120, 480, 960} kHz

Frequency hopping 

details

Frequency offset between hops,

Number of RBs used 

per hop (N_RB)

1 1 1 12 3 2 16 4 3 N_RB contiguous RBs per hop

PUCCH bandwidth per 

hop, BW [MHz]

1,44 5,76 11,52 17,28 17,28 23,04 23,04 23,04 34,56 BW = N_RB * 12 * SCS / 1e6

2 2 2 2 2 2 2 2 2 1 or 2 for PF0

{4 .. 14} for PF1/4

Sequence construction 

details

Sequence type for PF0/1

For PF0/1

For DMRS of PF4

1 user

1 1 1 1 1 1 1 1 1

PUCCH payload size(s) 

(bits)

1 1 1 1 1 1 1 1 1

Required SNR (dB) 1,9 1,9 3,7 -5,9 -0,9 -0,2 -7,3 -2 -1,9

Required SNR needed to fulfil detection criterion, 

from link level simulations based on Table 1 (see 

Notes (1) and (2) at bottom of table for definition 

of detection criteria for PF 0/1/4).

Cubic Metric, CM (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1

Reported value is the 95

th

 percentile, i.e., the CM 

for which 95% of all sequences of the design fall 

below

UE Tx Beamforming 

gain (dBi)

6 6 6 6 6 6 6 6 6 TxBF = 6 dBi

BS Rx Beamforming 

gain (dBi)

20 20 20 20 20 20 20 20 20 RxBF = 20 dBi

UE Power Limitations

Maximum conduced power (prior to consideration 

of backoff):

UE_P 21 21 21 21 21 21 21 21 21 UE_P = 21 dBm

UE_EIRP 25 25 25 25 25 25 25 25 25 Maximum EIRP:

UE_EIRP = 25 dBm

Pmax (dBm) 8,6 14,6 17,6 19,4 19,4 20,6 20,6 20,6 22,4

Maximum allowed conducted power considering 

combined limit per region (from Table 3).

Backoff (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1 Power backoff is equal to the cubic metric, CM

8,6 14,6 17,6 19,0 19,0 19,0 19,0 19,0 19,0

Maximum allowed transmit power including UE 

power limitation and backoff

P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – 

Backoff)

-105,4 -99,4 -96,4 -94,6 -94,6 -93,4 -93,4 -93,4 -91,6 BS Noise Figure, NF = 7 dB

Noise PSD = -174 dBm/Hz

P_N = Noise PSD + 10*log10(BW * 1e6) + NF

Maximum Isotropic 

Loss, MIL (dB)

138,1 138,1 136,3 145,5 140,5 138,6 145,7 140,4 138,5

MIL = P_TX – P_N – Required SNR + TxBF + 

RxBF

Intra-slot hopping between BWP edges

Number of OFDM 

symbols used for 

PUCCH resource

Sequence of 12 Long sequence

Cyclic shift 

configuration details

According to spec 12 equally spaced cyclic shifts

Long sequence

12 equally spaced cyclic shifts

Number of multiplexed 

users, e.g., by code 

division, if applicable

Transmit power, P_TX 

(dBm)

Noise power, P_N 

(dBm)
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Parameter Value Value Value Value Value Value Value Value Value Notes

PUCCH Format 0 0 0 0 0 0 0 0 0 PF0, PF1, PF4

Subcarrier spacing, SCS 

[kHz]

120 480 960 120 480 960 120 480 960 SCS = {120, 480, 960} kHz

Frequency hopping 

details

Frequency offset between hops,

Number of RBs used 

per hop (N_RB)

1 1 1 12 3 2 16 4 3 N_RB contiguous RBs per hop

PUCCH bandwidth per 

hop, BW [MHz]

1,44 5,76 11,52 17,28 17,28 23,04 23,04 23,04 34,56 BW = N_RB * 12 * SCS / 1e6

2 2 2 2 2 2 2 2 2 1 or 2 for PF0

{4 .. 14} for PF1/4

Sequence construction 

details

Sequence type for PF0/1

For PF0/1

For DMRS of PF4

1 user

1 1 1 1 1 1 1 1 1

PUCCH payload size(s) 

(bits)

1 1 1 1 1 1 1 1 1

Required SNR (dB) 1,3 3,7 4,7 -6 -0,3 1,6 -7 -2 0,2

Required SNR needed to fulfil detection criterion, 

from link level simulations based on Table 1 (see 

Notes (1) and (2) at bottom of table for definition 

of detection criteria for PF 0/1/4).

Cubic Metric, CM (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1

Reported value is the 95

th

 percentile, i.e., the CM 

for which 95% of all sequences of the design fall 

below

UE Tx Beamforming 

gain (dBi)

6 6 6 6 6 6 6 6 6 TxBF = 6 dBi

BS Rx Beamforming 

gain (dBi)

20 20 20 20 20 20 20 20 20 RxBF = 20 dBi

UE Power Limitations

Maximum conduced power (prior to consideration 

of backoff):

UE_P 21 21 21 21 21 21 21 21 21 UE_P = 21 dBm

UE_EIRP 25 25 25 25 25 25 25 25 25 Maximum EIRP:

UE_EIRP = 25 dBm

Pmax (dBm) 8,6 14,6 17,6 19,4 19,4 20,6 20,6 20,6 22,4

Maximum allowed conducted power considering 

combined limit per region (from Table 3).

Backoff (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1 Power backoff is equal to the cubic metric, CM

8,6 14,6 17,6 19,0 19,0 19,0 19,0 19,0 19,0

Maximum allowed transmit power including UE 

power limitation and backoff

P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – 

Backoff)

-105,4 -99,4 -96,4 -94,6 -94,6 -93,4 -93,4 -93,4 -91,6 BS Noise Figure, NF = 7 dB

Noise PSD = -174 dBm/Hz

P_N = Noise PSD + 10*log10(BW * 1e6) + NF

Maximum Isotropic 

Loss, MIL (dB)

138,7 136,3 135,3 145,6 139,9 136,8 145,4 140,4 136,4

MIL = P_TX – P_N – Required SNR + TxBF + 

RxBF

Intra-slot hopping between BWP edges

Number of multiplexed 

users, e.g., by code 

division, if applicable

Transmit power, P_TX 

(dBm)

Noise power, P_N 

(dBm)

Number of OFDM 

symbols used for 

PUCCH resource

Sequence of 12 Long sequence Long sequence

Cyclic shift 

configuration details

According to spec 12 equally spaced cyclic shifts 12 equally spaced cyclic shifts
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Parameter Value Value Value Value Value Value Value Value Value Notes

PUCCH Format 1 1 1 1 1 1 1 1 1 PF0, PF1, PF4

Subcarrier spacing, SCS 

[kHz]

120 480 960 120 480 960 120 480 960 SCS = {120, 480, 960} kHz

Frequency hopping 

details

Frequency offset between hops,

Number of RBs used 

per hop (N_RB)

1 1 1 12 3 2 16 4 3 N_RB contiguous RBs per hop

PUCCH bandwidth per 

hop, BW [MHz]

1,44 5,76 11,52 17,28 17,28 23,04 23,04 23,04 34,56 BW = N_RB * 12 * SCS / 1e6

14 14 14 14 14 14 14 14 14 1 or 2 for PF0

{4 .. 14} for PF1/4

Sequence construction 

details

Sequence type for PF0/1

OCC configuration 

details

Index i = 0 Index i = 0 Index i = 0

For PF0/1

For DMRS of PF4

1 user

1 1 1 1 1 1 1 1 1

PUCCH payload size(s) 

(bits)

1 1 1 1 1 1 1 1 1

Required SNR (dB) -4,7 -3,4 -3,4 -12,5 -8,8 -6,5 -13,5 -9,6 -8,2

Required SNR needed to fulfil detection criterion, 

from link level simulations based on Table 1 (see 

Notes (1) and (2) at bottom of table for definition 

of detection criteria for PF 0/1/4).

Cubic Metric, CM (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1

Reported value is the 95

th

 percentile, i.e., the CM 

for which 95% of all sequences of the design fall 

below

UE Tx Beamforming 

gain (dBi)

6 6 6 6 6 6 6 6 6 TxBF = 6 dBi

BS Rx Beamforming 

gain (dBi)

20 20 20 20 20 20 20 20 20 RxBF = 20 dBi

UE Power Limitations

Maximum conduced power (prior to consideration 

of backoff):

UE_P 21 21 21 21 21 21 21 21 21 UE_P = 21 dBm

UE_EIRP 25 25 25 25 25 25 25 25 25 Maximum EIRP:

UE_EIRP = 25 dBm

Pmax (dBm) 8,6 14,6 17,6 19,4 19,4 20,6 20,6 20,6 22,4

Maximum allowed conducted power considering 

combined limit per region (from Table 3).

Backoff (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1 Power backoff is equal to the cubic metric, CM

8,6 14,6 17,6 19,0 19,0 19,0 19,0 19,0 19,0

Maximum allowed transmit power including UE 

power limitation and backoff

P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – 

Backoff)

-105,4 -99,4 -96,4 -94,6 -94,6 -93,4 -93,4 -93,4 -91,6 BS Noise Figure, NF = 7 dB

Noise PSD = -174 dBm/Hz

P_N = Noise PSD + 10*log10(BW * 1e6) + NF

Maximum Isotropic 

Loss, MIL (dB)

144,7 143,4 143,4 152,1 148,4 144,9 151,9 148,0 144,8

MIL = P_TX – P_N – Required SNR + TxBF + 

RxBF

Intra-slot hopping between BWP edges

Number of OFDM 

symbols used for 

PUCCH resource

Sequence of 12 Long sequence

Cyclic shift 

configuration details

According to spec 12 equally spaced cyclic shifts

Long sequence

12 equally spaced cyclic shifts

Number of multiplexed 

users, e.g., by code 

division, if applicable

Transmit power, P_TX 

(dBm)

Noise power, P_N 

(dBm)
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Parameter Value Value Value Value Value Value Value Value Value Notes

PUCCH Format 1 1 1 1 1 1 1 1 1 PF0, PF1, PF4

Subcarrier spacing, SCS 

[kHz]

120 480 960 120 480 960 120 480 960 SCS = {120, 480, 960} kHz

Frequency hopping 

details

Frequency offset between hops,

Number of RBs used 

per hop (N_RB)

1 1 1 12 3 2 16 4 3 N_RB contiguous RBs per hop

PUCCH bandwidth per 

hop, BW [MHz]

1,44 5,76 11,52 17,28 17,28 23,04 23,04 23,04 34,56 BW = N_RB * 12 * SCS / 1e6

14 14 14 14 14 14 14 14 14 1 or 2 for PF0

{4 .. 14} for PF1/4

Sequence construction 

details

Sequence type for PF0/1

OCC configuration 

details

Index i = 0 Index i = 0 Index i = 0

For PF0/1

For DMRS of PF4

1 user

1 1 1 1 1 1 1 1 1

PUCCH payload size(s) 

(bits)

1 1 1 1 1 1 1 1 1

Required SNR (dB) -4,9 -2,6 -3,7 -11,7 -7,6 -6,5 -12,6 -8,5 -7,5

Required SNR needed to fulfil detection criterion, 

from link level simulations based on Table 1 (see 

Notes (1) and (2) at bottom of table for definition 

of detection criteria for PF 0/1/4).

Cubic Metric, CM (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1

Reported value is the 95

th

 percentile, i.e., the CM 

for which 95% of all sequences of the design fall 

below

UE Tx Beamforming 

gain (dBi)

6 6 6 6 6 6 6 6 6 TxBF = 6 dBi

BS Rx Beamforming 

gain (dBi)

20 20 20 20 20 20 20 20 20 RxBF = 20 dBi

UE Power Limitations

Maximum conduced power (prior to consideration 

of backoff):

UE_P 21 21 21 21 21 21 21 21 21 UE_P = 21 dBm

UE_EIRP 25 25 25 25 25 25 25 25 25 Maximum EIRP:

UE_EIRP = 25 dBm

Pmax (dBm) 8,6 14,6 17,6 19,4 19,4 20,6 20,6 20,6 22,4

Maximum allowed conducted power considering 

combined limit per region (from Table 3).

Backoff (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1 Power backoff is equal to the cubic metric, CM

8,6 14,6 17,6 19,0 19,0 19,0 19,0 19,0 19,0

Maximum allowed transmit power including UE 

power limitation and backoff

P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – 

Backoff)

-105,4 -99,4 -96,4 -94,6 -94,6 -93,4 -93,4 -93,4 -91,6 BS Noise Figure, NF = 7 dB

Noise PSD = -174 dBm/Hz

P_N = Noise PSD + 10*log10(BW * 1e6) + NF

Maximum Isotropic 

Loss, MIL (dB)

144,9 142,6 143,7 151,3 147,2 144,9 151,0 146,9 144,1

MIL = P_TX – P_N – Required SNR + TxBF + 

RxBF

Intra-slot hopping between BWP edges

Number of multiplexed 

users, e.g., by code 

division, if applicable

Transmit power, P_TX 

(dBm)

Noise power, P_N 

(dBm)

Number of OFDM 

symbols used for 

PUCCH resource

Sequence of 12 Long sequence Long sequence

Cyclic shift 

configuration details

According to spec 12 equally spaced cyclic shifts 12 equally spaced cyclic shifts
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Parameter Value Value Value Value Value Value Value Value Value Notes

PUCCH Format 4 4 4 4 4 4 4 4 4 PF0, PF1, PF4

Subcarrier spacing, SCS 

[kHz]

120 480 960 120 480 960 120 480 960 SCS = {120, 480, 960} kHz

Frequency hopping 

details

 

Number of RBs used 

per hop (N_RB)

1 1 1 12 3 2 16 4 3 N_RB contiguous RBs per hop

PUCCH bandwidth per 

hop, BW [MHz]

1,44 5,76 11,52 17,28 17,28 23,04 23,04 23,04 34,56 BW = N_RB * 12 * SCS / 1e6

14 14 14 14 14 14 14 14 14 1 or 2 for PF0

    {4 .. 14} for PF1/4

Sequence construction 

details

Sequence type for DMRS of PF4

OCC configuration 

details

[1 1] [1 1] [1 1]

For PF0/1

For DMRS of PF4

1 user

1 1 1 1 1 1 1 1 1

PUCCH payload 

encoder type

Polar Polar Polar Polar Polar Polar Polar Polar Polar Reed Muller or Polar for PF4

PUCCH payload size(s) 

(bits)

22 22 22 22 22 22 22 22 22

0,23 0,23 0,23 0,02 0,08 0,11 0,01 0,06 0,08 Applicable for PF4

If multiple payload sizes evaluated, encoding rates 

to be reported for each payload size

Required SNR (dB) -0,1 0,7 3,4 -8,4 -4,2 -1,4 -9,7 -5,8 -4,2

Required SNR needed to fulfil detection criterion, 

from link level simulations based on Table 1 (see 

Notes (1) and (2) at bottom of table for definition 

of detection criteria for PF 0/1/4).

Cubic Metric, CM (dB) 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2

Reported value is the 95

th

 percentile, i.e., the CM 

for which 95% of all sequences of the design fall 

below

UE Tx Beamforming 

gain (dBi)

6 6 6 6 6 6 6 6 6 TxBF = 6 dBi

BS Rx Beamforming 

gain (dBi)

20 20 20 20 20 20 20 20 20 RxBF = 20 dBi

UE Power Limitations

Maximum conduced power (prior to consideration 

of backoff):

UE_P 21 21 21 21 21 21 21 21 21 UE_P = 21 dBm

UE_EIRP 25 25 25 25 25 25 25 25 25 Maximum EIRP:

UE_EIRP = 25 dBm

Pmax (dBm) 8,6 14,6 17,6 19,4 19,4 20,6 20,6 20,6 22,4

Maximum allowed conducted power considering 

combined limit per region (from Table 3).

Backoff (dB) 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 Power backoff is equal to the cubic metric, CM

8,6 14,6 17,6 19,0 19,0 19,0 19,0 19,0 19,0

Maximum allowed transmit power including UE 

power limitation and backoff

P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – 

Backoff)

-105,4 -99,4 -96,4 -94,6 -94,6 -93,4 -93,4 -93,4 -91,6 BS Noise Figure, NF = 7 dB

Noise PSD = -174 dBm/Hz

P_N = Noise PSD + 10*log10(BW * 1e6) + NF

Maximum Isotropic 

Loss, MIL (dB)

140,1 139,3 136,6 148,0 143,8 139,8 148,1 144,2 140,8

MIL = P_TX – P_N – Required SNR + TxBF + 

RxBF

Number of multiplexed 

users, e.g., by code 

division, if applicable

PUCCH encoding 

rate(s)

Transmit power, P_TX 

(dBm)

Noise power, P_N 

(dBm)

Cyclic shift 

configuration details

According to spec 12 equally spaced cyclic shifts 12 equally spaced cyclic shifts

Intra-slot hopping between BWP edges

Number of OFDM 

symbols used for 

PUCCH resource

Sequence of 12 Long sequence Long sequence
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Parameter Value Value Value Value Value Value Value Value Value Notes

PUCCH Format 4 4 4 4 4 4 4 4 4 PF0, PF1, PF4

Subcarrier spacing, SCS 

[kHz]

120 480 960 120 480 960 120 480 960 SCS = {120, 480, 960} kHz

Frequency hopping 

details

 

Number of RBs used 

per hop (N_RB)

1 1 1 12 3 2 16 4 3 N_RB contiguous RBs per hop

PUCCH bandwidth per 

hop, BW [MHz]

1,44 5,76 11,52 17,28 17,28 23,04 23,04 23,04 34,56 BW = N_RB * 12 * SCS / 1e6

14 14 14 14 14 14 14 14 14 1 or 2 for PF0

    {4 .. 14} for PF1/4

Sequence construction 

details

Sequence type for DMRS of PF4

OCC configuration 

details

[1 1] [1 1] [1 1]

For PF0/1

For DMRS of PF4

1 user

1 1 1 1 1 1 1 1 1

PUCCH payload 

encoder type

Polar Polar Polar Polar Polar Polar Polar Polar Polar Reed Muller or Polar for PF4

PUCCH payload size(s) 

(bits)

22 22 22 22 22 22 22 22 22

0,23 0,23 0,23 0,02 0,08 0,11 0,01 0,06 0,08 Applicable for PF4

If multiple payload sizes evaluated, encoding rates 

to be reported for each payload size

Required SNR (dB) -0,8 3,5 2,5 -10,9 -2,9 -1,0 -11,9 -5,0 -2,9

Required SNR needed to fulfil detection criterion, 

from link level simulations based on Table 1 (see 

Notes (1) and (2) at bottom of table for definition 

of detection criteria for PF 0/1/4).

Cubic Metric, CM (dB) 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2

Reported value is the 95

th

 percentile, i.e., the CM 

for which 95% of all sequences of the design fall 

below

UE Tx Beamforming 

gain (dBi)

6 6 6 6 6 6 6 6 6 TxBF = 6 dBi

BS Rx Beamforming 

gain (dBi)

20 20 20 20 20 20 20 20 20 RxBF = 20 dBi

UE Power Limitations

Maximum conduced power (prior to consideration 

of backoff):

UE_P 21 21 21 21 21 21 21 21 21 UE_P = 21 dBm

UE_EIRP 25 25 25 25 25 25 25 25 25 Maximum EIRP:

UE_EIRP = 25 dBm

Pmax (dBm) 8,6 14,6 17,6 19,4 19,4 20,6 20,6 20,6 22,4

Maximum allowed conducted power considering 

combined limit per region (from Table 3).

Backoff (dB) 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 Power backoff is equal to the cubic metric, CM

8,6 14,6 17,6 19,0 19,0 19,0 19,0 19,0 19,0

Maximum allowed transmit power including UE 

power limitation and backoff

P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – 

Backoff)

-105,4 -99,4 -96,4 -94,6 -94,6 -93,4 -93,4 -93,4 -91,6 BS Noise Figure, NF = 7 dB

Noise PSD = -174 dBm/Hz

P_N = Noise PSD + 10*log10(BW * 1e6) + NF

Maximum Isotropic 

Loss, MIL (dB)

140,8 136,5 137,5 150,5 142,5 139,4 150,3 143,4 139,5

MIL = P_TX – P_N – Required SNR + TxBF + 

RxBF

Number of multiplexed 

users, e.g., by code 

division, if applicable

PUCCH encoding 

rate(s)

Transmit power, P_TX 

(dBm)

Noise power, P_N 

(dBm)

Cyclic shift 

configuration details

According to spec 12 equally spaced cyclic shifts 12 equally spaced cyclic shifts

Intra-slot hopping between BWP edges

Number of OFDM 

symbols used for 

PUCCH resource

Sequence of 12 Long sequence Long sequence
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Parameter Value Value Value Value Value Value Value Value Value Notes

PUCCH Format 0 0 0 0 0 0 0 0 0  

Subcarrier spacing, SCS 

[kHz]

120 480 960 120 480 960 120 480 960 SCS = {120, 480, 960} kHz

Frequency hopping 

details

Frequency offset between hops,

Number of RBs used 

per hop (N_RB)

1 1 1 12 3 2 16 4 3 N_RB contiguous RBs per hop

PUCCH bandwidth per 

hop, BW [MHz]

1,44 5,76 11,52 17,28 17,28 23,04 23,04 23,04 34,56 BW = N_RB * 12 * SCS / 1e6

2 2 2 2 2 2 2 2 2 1 or 2 for PF0

{4 .. 14} for PF1/4

Sequence construction 

details

Sequence type for PF0/1

For PF0/1

For DMRS of PF4

1 user

1 1 1 1 1 1 1 1 1

PUCCH payload size(s) 

(bits)

1 1 1 1 1 1 1 1 1

Required SNR (dB) 1,9 1,9 3,7 -5,9 -0,9 -0,2 -7,3 -2 -1,9

Required SNR needed to fulfil detection criterion, 

from link level simulations based on Table 1 (see 

Notes (1) and (2) at bottom of table for definition 

of detection criteria for PF 0/1/4).

Cubic Metric, CM (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1

Reported value is the 95

th

 percentile, i.e., the CM 

for which 95% of all sequences of the design fall 

below

UE Tx Beamforming 

gain (dBi)

20 20 20 20 20 20 20 20 20 TxBF = 20 dBi

BS Rx Beamforming 

gain (dBi)

20 20 20 20 20 20 20 20 20 RxBF = 20 dBi

UE Power Limitations

Maximum conduced power (prior to consideration 

of backoff):

UE_P 21 21 21 21 21 21 21 21 21 UE_P = 21 dBm

UE_EIRP 40 40 40 40 40 40 40 40 40 Maximum EIRP:

UE_EIRP = 25 dBm

Pmax (dBm) 4,6 10,6 13,6 15,4 15,4 16,6 16,6 16,6 18,4

Maximum allowed conducted power considering 

combined limit per region (from Table 3).

Backoff (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1 Power backoff is equal to the cubic metric, CM

4,6 10,6 13,6 15,4 15,4 16,6 16,6 16,6 18,4

Maximum allowed transmit power including UE 

power limitation and backoff

P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – 

Backoff)

-105,4 -99,4 -96,4 -94,6 -94,6 -93,4 -93,4 -93,4 -91,6 BS Noise Figure, NF = 7 dB

Noise PSD = -174 dBm/Hz

P_N = Noise PSD + 10*log10(BW * 1e6) + NF

Maximum Isotropic 

Loss, MIL (dB)

148,1 148,1 146,3 155,9 150,9 150,2 157,3 152,0 151,9

MIL = P_TX – P_N – Required SNR + TxBF + 

RxBF

Intra-slot hopping between BWP edges

Number of multiplexed 

users, e.g., by code 

division, if applicable

Transmit power, P_TX 

(dBm)

Noise power, P_N 

(dBm)

Number of OFDM 

symbols used for 

PUCCH resource

Sequence of 12 Long sequence Long sequence

Cyclic shift 

configuration details

According to spec 12 equally spaced cyclic shifts 12 equally spaced cyclic shifts
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Parameter Value Value Value Value Value Value Value Value Value Notes

PUCCH Format 0 0 0 0 0 0 0 0 0  

Subcarrier spacing, SCS 

[kHz]

120 480 960 120 480 960 120 480 960 SCS = {120, 480, 960} kHz

Frequency hopping 

details

Frequency offset between hops,

Number of RBs used 

per hop (N_RB)

1 1 1 12 3 2 16 4 3 N_RB contiguous RBs per hop

PUCCH bandwidth per 

hop, BW [MHz]

1,44 5,76 11,52 17,28 17,28 23,04 23,04 23,04 34,56 BW = N_RB * 12 * SCS / 1e6

2 2 2 2 2 2 2 2 2 1 or 2 for PF0

{4 .. 14} for PF1/4

Sequence construction 

details

Sequence type for PF0/1

For PF0/1

For DMRS of PF4

1 user

1 1 1 1 1 1 1 1 1

PUCCH payload size(s) 

(bits)

1 1 1 1 1 1 1 1 1

Required SNR (dB) 1,3 3,7 4,7 -6 -0,3 1,6 -7 -2 0,2

Required SNR needed to fulfil detection criterion, 

from link level simulations based on Table 1 (see 

Notes (1) and (2) at bottom of table for definition 

of detection criteria for PF 0/1/4).

Cubic Metric, CM (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1

Reported value is the 95

th

 percentile, i.e., the CM 

for which 95% of all sequences of the design fall 

below

UE Tx Beamforming 

gain (dBi)

20 20 20 20 20 20 20 20 20 TxBF = 20 dBi

BS Rx Beamforming 

gain (dBi)

20 20 20 20 20 20 20 20 20 RxBF = 20 dBi

UE Power Limitations

Maximum conduced power (prior to consideration 

of backoff):

UE_P 21 21 21 21 21 21 21 21 21 UE_P = 21 dBm

UE_EIRP 40 40 40 40 40 40 40 40 40 Maximum EIRP:

UE_EIRP = 25 dBm

Pmax (dBm) 4,6 10,6 13,6 15,4 15,4 16,6 16,6 16,6 18,4

Maximum allowed conducted power considering 

combined limit per region (from Table 3).

Backoff (dB) 0,6 0,6 0,6 1,7 1,1 0,6 1,9 1,7 1,1 Power backoff is equal to the cubic metric, CM

4,6 10,6 13,6 15,4 15,4 16,6 16,6 16,6 18,4

Maximum allowed transmit power including UE 

power limitation and backoff

P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – 

Backoff)

-105,4 -99,4 -96,4 -94,6 -94,6 -93,4 -93,4 -93,4 -91,6 BS Noise Figure, NF = 7 dB

Noise PSD = -174 dBm/Hz

P_N = Noise PSD + 10*log10(BW * 1e6) + NF

Maximum Isotropic 

Loss, MIL (dB)

148,7 146,3 145,3 156,0 150,3 148,4 157,0 152,0 149,8

MIL = P_TX – P_N – Required SNR + TxBF + 

RxBF

Intra-slot hopping between BWP edges

Number of multiplexed 

users, e.g., by code 

division, if applicable

Transmit power, P_TX 

(dBm)

Noise power, P_N 

(dBm)

Number of OFDM 

symbols used for 

PUCCH resource

Sequence of 12 Long sequence Long sequence

Cyclic shift 

configuration details

According to spec 12 equally spaced cyclic shifts 12 equally spaced cyclic shifts


