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A working item (WI) has been approved with the aim to extending NR up to 71 GHz by 3GPP TSG RAN Meeting #90 [1]. As a part of the objectives of the WI, one sub-agenda is to support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation. 
During the RAN1 #104e-bis meeting, several agreements were made to support the enhancement [2], including the maximum number of RBs with each subcarrier spacing for PF0/1/4 under the selected power limits, the length of OCC of pre-DFT block-wise spreading for PF4, DMRS sequence type for PF4, contiguous RB allocation for pre-DFT block-wise spreading for PF4, and deprioritizing user-multiplexing as a PUCCH design criterion. The agreements are listed in the appendix. 
The extended RB values are not stabilized yet, and it was agreed to further study whether or not the values need to be revised to support larger RB values. In the meantime, it has been agreed to further study whether all the RB numbers between 1 and the maximum value are configurable, or a coarser granularity is supported instead. The associated signaling detail is also an FFS.  In the contribution, we study to provide recommendation on the allowed ranges of the number of PRBs for each SCS, based on link-level simulation results following the agreed parameters [4] and with the updated power limits. For DCI overhead consideration and the observation that the Maximum Isotropic Loss (MIL) does not change substantially for small increment of RBs, we see the coarser granularity as an economical way with minor flexibility loss. We also try to identify other aspects for potential enhancements for PUCCH formats, including but not limited to formats 0/1/4, such as the range of OSs, the allowed number of HARQ-ACK bits, and UE multiplexing capabilities.      

Discussion
According to the US/South Korea regional regulations of power limits, the currently agreed maximum values for the configured number of RBs by RAN1 #104e-bis meeting for enhanced PF0/1/4 are at least 12 RBs for 120 kHz SCS, 3 RBs for 480 kHz SCS, and 2 RBs for 960 kHz SCS. These values are obtained with the assumption that {UE_EIRP = 25 dBm, UE_P = 21 dBm, TxBF = 6 dBm}. Several companies have pointed that the required number of RBs increases when a smaller UE Tx beamforming gain is assumed and/or a larger UE conducted power limit and UE EIRP limit is associated such that UE_P is the active limit. For further discussion, the alternative RAN1 assumption is {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm}, proposed by the moderator with company supports. Under this setting, the UE power is limited by the UE_P instead of the UE_EIRP, i.e.


where the power backoff equals the Cubic Metric (CM), which is shown by the evaluations in the last meeting to be less by 3dB across all a wide range of RBs based on the single long type-1 low PAPR sequence, such that we assume the power backoff equals 3dB to calculate

which corresponds to 22 RBs for SCS 120kHz, 6RBs for SCS 480kHz, and 3RBs for SCS 960kHz. 
Observation 1: With the alternative setting {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm} and assuming CM not larger than 3dB across any number of RBs, the maximum numbers of RBs under US/North Korea power limits for SCS 120kHz/480kHz/960kHz are 22RBs/6RBs/3RBs. 
Note that the larger number of supported RBs should be considered in the discussion on whether all RB values or a coarser subset is supported
PUCCH Format 0  
The link-level simulations are configured based on the Tables 1 and Table 2 in Section 2.3 of R1-2102127. The MIL performance results of PF0 under {SCS 120kHz, BW 400MHz} and {SCS 960kHz, BW 2000MHz} are shown in this section (the trend with respect to {480kHz, 1600MHz} is the same and is not a part of the example figures). For PF0, the cases associated 1 UCI OFDM symbol and 2 UCI OFDM symbols are evaluated, respectively. 
In light of Observation 1, we study by simulations and notice that the MIL differences between adjacent number of RBs are not significant. In other words, the ‘MIL granularity’ does not reduce significantly by reducing the RB granularity from the Alt 1, which allows all integer RB values being configurable/schedulable.
Observation 2: No substantial MIL changes between cases using adjacent number of RBs ensures that the ‘MIL granularity’ does not have to reduce significantly if coarser RB granularity is adopted. 
 Based on Observation 2, we consider coarser granularity for the RB candidate set {1, 2, 4, 8, 16, 22} (which we view to be a representative minimal set considering the above Observation). For SCS 960kHz, since there are only three RB candidates {1, 2, 3}, all values are considered. Table 1 – Table 2 summarize the ACK detection performance and CM values for SCS 120kHz and 960kHz under channel TDL-A-10ns, 3km/h. The trends reflected in the tables maintain with other candidate DS values for PF0.
Table 1. SNR at 1% ACK miss detection and CM for the RB candidate set for SCS 120kHz, PF0
	 
	RB = 1
	RB = 2
	RB = 4
	RB = 8
	RB = 16
	RB = 22

	SNR@1% ACK miss    1 OS
	7.3 
	6.8 
	5.0 
	1.6 
	-1.1 
	-2.5(dB)

	Cubic Metric 1 OS
	1.15 
	0.91 
	1.06 
	1.14 
	1.24 
	2.19(dB)

	SNR@1% ACK miss      2 OS
	6.0 
	4.4 
	2.0 
	-0.3 
	-3.5 
	-4.3(dB)

	Cubic Metric 2 OS
	1.06
	1.01
	1.59
	1.18
	1.08
	1.69(dB)



Table 2. SNR at 1% ACK miss detection and CM for the RB candidate set for SCS 960kHz, PF0
	 
	RB = 1
	RB = 2
	RB = 3

	SNR@1% ACK miss    1 OS
	6.2 
	5.6
	4.5

	Cubic Metric 1 OS
	1.15
	0.91
	1.32

	SNR@1% ACK miss      2 OS
	5.7
	5.4
	3.4

	Cubic Metric 2 OS
	1.06
	1.01
	1.55



Observation 3: The ACK miss detection performance improves by increasing the number of RBs for PF0. Using 2 OS offers better performance than 1 OS for all RB values considered. The CM values under 1 OS and 2 OS are similar across different RBs. 
Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource is used for the CM evaluations. If other sequences or mappings are also considered as options later, different CM ranges and fluctuations across RB values are expected. While based on the discussions during the last meeting, we for now focus on evaluation with the sequence with the most support for evaluations. The MIL values corresponding to the 1 OS and 2 OS cases under SCS 120kHz and 960kHz, considering US regional and South Korea regional power regulations are shown in Figure 1 – Figure 4.  The MIL values are calculated based on the Tables 2 and Table 3 in Section 2.3 of R1-2102127. It is seen that unlike the cases that were evaluated in the RAN1 #104b-e meeting, which assumes {UE_EIRP = 25 dBm, UE_P = 21 dBm, TxBF = 6 dBm}, the MIL values under the US regional and South Korea regional regulations are no longer the same, with the UE_P restricted setting {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm}.   
Observation 4: The MIL values increase with the number of RBs under US regional power regulations, assuming power limits {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm}. The trend is no longer the same under South Korea regional power regulations as with the EIRP limited cases. 
Proposal 1: Once the final power limits and beamforming gains feedback from RAN4 are available, re-evaluation to capture the trends under different regional regulations is necessary, if the finalized values differ from the suggested values from RAN1.  
[image: ][image: ]
(a)                                                                                (b)
Figure 1. PF0 MIL for SCS 120kHz across different RBs under (a) US regulations (b) South Korea regulations with 1 OFDM Symbol
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(a)                                                                                (b)
Figure 2. PF0 MIL for SCS 120kHz across different RBs under (a) US regulations (b) South Korea regulations with 2 OFDM Symbols
[image: ][image: ]
(a)                                                                                (b)
Figure 3. PF0 MIL for SCS 960kHz across different RBs under (a) US regulations (b) South Korea regulations with 1 OFDM Symbol
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(a)                                                                                (b)
Figure 4. PF0 MIL for SCS 960kHz across different RBs under (a) US regulations (b) South Korea regulations with 2 OFDM Symbol
PUCCH Format 1  
Link performance results for PF1 are provided in this section. For PF1, the allowed number of OSs for PUCCH is 4-14, and we choose two cases for evaluation, which are 14 OSs and 6 OS. Table 3 – Table 4 summarize the ACK detection performance and CM values for SCS 120kHz and 960kHz with the same channel conditions for PF0. 
Table 3. SNR at 1% ACK miss detection and CM for the RB candidate set for SCS 120kHz, PF1
	 
	RB = 1
	RB = 2
	RB = 4
	RB = 8
	RB = 16
	RB = 22

	SNR@1% ACK miss    14 OS
	 -5.0
	-6.3
	-7.0
	-8.7 
	-9.8
	-10.4(dB)

	Cubic Metric 14 OS
	 1.01
	1.04
	1.61
	1.17
	1.07
	1.69(dB)

	SNR@1% ACK miss      6 OS
	-0.6
	-2.0
	-3.6
	-5.5
	-7.4
	-8.0(dB)

	Cubic Metric 6 OS
	 1.00
	1.05
	1.62
	1.18
	1.08
	1.68(dB)



Table 4. SNR at 1% ACK miss detection and CM for the RB candidate set for SCS 960kHz, PF1
	 
	RB = 1
	RB = 2
	RB = 3

	SNR@1% ACK miss    14 OS
	-8.2  
	-9.4
	-10.2

	Cubic Metric 14 OS
	1.01
	1.04
	1.55

	SNR@1% ACK miss      6 OS
	-1.9
	-5.4
	-6.7

	Cubic Metric 6 OS
	1.00
	1.05
	1.56



Observation 5: Similar to PF0, the ACK miss detection performance improves by increasing the number of RBs for PF1. Using 14 OS offers better performance than 6 OS for all RB values considered. The CM values under 14 OS and 6 OS are similar across different RBs.
The MIL values corresponding to the 14 OS and 6 OS cases under SCS 120kHz and 960kHz, considering US regional and South Korea regional power regulations are shown in Figure 5 – Figure 8.  
Observation 6: The trend of MIL values with 6 OSs and SCS 960kHz is not exactly the same with that associated with 14 OSs. Under US regulation, 3 RBs offers more MIL gain than 1RB with 6 OSs than 14 OSs; under South Korea regulation, 2 RBs has the best MIL with 6 OSs while 1RB has the best MIL with 14 OSs. 
Proposal 2: The MIL trend not only varies according to the number of RBs used, but also according to the number of OSs. Therefore, evaluate different RB value sets for different number of OSs under PF1. 
[image: ][image: ]
(a)                                                                                (b)
Figure 5. PF1 MIL for SCS 120kHz across different RBs under (a) US regulations (b) South Korea regulations with 14 OFDM Symbols
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(a)                                                                                (b)
Figure 6. PF1 MIL for SCS 120kHz across different RBs under (a) US regulations (b) South Korea regulations with 6 OFDM Symbols
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(a)                                                                                (b)
Figure 7. PF1 MIL for SCS 960kHz across different RBs under (a) US regulations (b) South Korea regulations with 14 OFDM Symbols
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(a)                                                                                (b)
Figure 8. PF1 MIL for SCS 120kHz across different RBs under (a) US regulations (b) South Korea regulations with 6 OFDM Symbols
PUCCH Format 4  
BLER performance results for PF4 are provided in this section. The cases with 22 bits and 12 bits for UCI are evaluated, with Polar coder/decoder and CRC lengths of 11 and 6, respectively. For PF4, DFT-s-OFDM waveform is used instead of the CP-OFDM for PF0/1. Like PF0/1, a candidate RB set is used for SCS 120kHz instead of all RB values. From the detection performance and CM summarized in Table 5 and Table 6 below, it is observed that the link performance improves with increasing the number of RBs for both the 14 OSs and 6 OSs cases. The detection performance corresponding to the 14 OSs cases are better than the 6 OSs counterparts, while this difference shrinks for larger RBs. 1 RB does not work for the 6 OSs case.
Observation 7: For PF4, the detection performance using 14 OSs is better than using 6 OSs, while the gain shrinks for larger RBs. 
The above trend is also reflected in the MIL values corresponding to the 14 OSs and 6 OSs cases shown in Figure 9 – Figure 16, i.e., the coverage improves both with increasing the number of OSs, while the improvement slows down if enough RBs are employed. Therefore, we propose the following 
Proposal 3: For better coverage, the gNB can configure a larger number of RB to carry UCI if smaller number of OSs is selected. 
Note also from Figure 10 and Figure 12 that 1 RB does not work for the 6 OSs case, therefore, complete link failure would be expected if high payload is to be conveyed.
Table 5. SNR at 1% ACK miss detection and CM for the RB candidate set for SCS 120kHz, PF4
	 
	RB = 1
	RB = 2
	RB = 4
	RB = 8
	RB = 16
	RB = 22

	SNR@1% ACK miss    14 OS, 22bits
	3.8 
	-5.1
	-9.2
	-13.2
	-15.4
	-16.2 (dB)

	Cubic Metric 14 OS, 22bits
	 1.73
	1.38
	1.88
	1.73
	1.73
	1.64 (dB)

	SNR@1% ACK miss      6 OS, 22bits
	N/A
	6.2
	-3.1
	-8.3
	-14.2
	-16.1 (dB)

	Cubic Metric 6 OS, 22bits
	  N/A
	 1.39
	1.70
	1.47
	1.60
	1.55 (dB)

	SNR@1% ACK miss    14 OS, 12bits
	-2.9
	-7.7 
	-12.1
	-12.6
	-14.4
	-15.3 (dB)

	Cubic Metric 14 OS, 12bits
	1.28
	1.35
	1.71
	1.69
	1.45
	1.61 (dB)

	SNR@1% ACK miss      6 OS, 12bits
	10.0
	-0.7
	-5.3
	-11.0
	-14.6
	-15.8 (dB)

	Cubic Metric 6 OS, 12bits
	1.33
	1.86
	2.02
	1.27
	1.55
	1.67 (dB)




Table 6. SNR at 1% ACK miss detection and CM for the RB candidate set for SCS 960kHz, PF4
	 
	RB = 1
	RB = 2
	RB = 3

	SNR@1% ACK miss    14 OS, 22bits
	   0.2
	-7.6
	-13.8 (dB)

	Cubic Metric 14 OS, 22bits
	 1.75
	1.40
	1.51 (dB)

	SNR@1% ACK miss      6 OS, 22bits
	N/A 
	5.7
	-0.9 (dB)

	Cubic Metric 6 OS, 22bits
	 N/A
	1.40
	1.96 (dB)

	SNR@1% ACK miss    14 OS, 12bits
	-7.7
	-12.6
	-17.4 (dB)

	Cubic Metric 14 OS, 12bits
	1.32
	1.33
	1.46 (dB)

	SNR@1% ACK miss      6 OS, 12bits
	9.6
	-3.7
	-8.4 (dB)

	Cubic Metric 6 OS, 12bits
	1.31
	1.89
	1.29 (dB)
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(a)                                                                                (b)
Figure 9. PF4 MIL for SCS 120kHz across different RBs under (a) US regulations (b) South Korea regulations with 14 OFDM Symbols and 12 UCI bits.
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(a)                                                                                (b)
Figure 10. PF4 MIL for SCS 120kHz across different RBs under (a) US regulations (b) South Korea regulations with 6 OFDM Symbols and 22 UCI bits.
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(a)                                                                                (b)
Figure 11. PF4 MIL for SCS 960kHz across different RBs under (a) US regulations (b) South Korea regulations with 14 OFDM Symbols and 22 UCI bits.
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(a)                                                                                (b)
Figure 12. PF4 MIL for SCS 960kHz across different RBs under (a) US regulations (b) South Korea regulations with 6 OFDM Symbols and 22 UCI bits.
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(a)                                                                                (b)
Figure 13. PF4 MIL for SCS 120kHz across different RBs under (a) US regulations (b) South Korea regulations with 14 OFDM Symbols and 12 UCI bits. 
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(a)                                                                                (b)
Figure 14. PF4 MIL for SCS 120kHz across different RBs under (a) US regulations (b) South Korea regulations with 6 OFDM Symbols and 12 UCI bits. 
[image: ][image: ]
(a)                                                                                (b)
Figure 15. PF4 MIL for SCS 960kHz across different RBs under (a) US regulations (b) South Korea regulations with 14 OFDM Symbols and 12 UCI bits. 
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(a)                                                                                (b)
Figure 16. PF4 MIL for SCS 960kHz across different RBs under (a) US regulations (b) South Korea regulations with 6 OFDM Symbols and 12 UCI bits. 

RB Granularity
Regarding RB granularity for the extended PUCCH formats, the alternatives are between supporting configuration of all integer values in the range [1,...max()] for each SCS, or with coarser granularity, i.e., not all integer values of  can be configured. There are several aspects to consider before this decision is made. 

First, the max() among all SCSs is for SCS 120kHz, which is 22 RBs according to the UE_P limited calculation, i.e., {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm}. Although further feedback from RAN4 is pending relating the recommended power limits and beamforming gains, it is reasonable that both the UE_EIRP and UE_P limited cases would be considered for different types of UEs and different beamforming gains, thus it is not likely that the eventually chosen max() be less than 20 RBs, thus about 5 bits are expected if the exact number of RBs is to be dynamically indicated. Second, and relates to the first aspect is that whether dynamic indication of the number of RBs is necessary, or if a semi-static configuration is sufficient, in which case the discussion would not involve DCI overhead reduction. It is observed, from the other sub-agenda on scheduling and HARQ for 52.6GHz to 71GHz, that for the multi-PDSCH/PUSCH scheduling the range of size of dynamic HARQ-ACK codebook is notably enlarged from the single-PDSCH/PUSCH and the actual size depends on the scheduled number of PDSCH/PUSCHs across all component carriers. To address the dynamic HARQ-ACK codebook size it seems beneficial to consider DCI indication for the number of RBs for better coverage or power saving. Third, it is observed from the performance results in the previous section that although using larger number of RBs lead generally to better MIL, there is no substantial gain from slightly increase the number of RBs, for example, from 3 RBs to 4 RBs, and we thus do not see the necessity for every number of RBs be configurable. It seems that the dynamic indication of coarser RB granularity is useful when the HARQ-ACK codebook size is dynamic as well, and one such case is when multi-PDSCH is configured by the gNB, therefore, the DCI signaling of the number of RB is better tied in some way to the use of the multi-PDSCH. 

Observation 8: Using larger number of RBs generally leads to better MIL, and there is no substantial gain from slightly increase the number of RBs, thus it is not seen as necessary for every number of RBs be configurable. 

Proposal 4: To address the dynamic HARQ-ACK codebook size it seems beneficial to consider the number of RBs be indicated by the DCI for better coverage or power saving. In this case, coarser granularity indication is beneficial for DCI overhead reduction consideration.  

With the above aspects considered, based on our evaluations, we prefer the coarser granularity for scheduling the number of RBs for PUCCH formats 0/1/4, allowing about 4-8 values below the max() to be schedulable. If RAN4’s recommendation, as a further basis, is in line with the current calculation based on UE_P that the maximum RB values for 120kHz/480kHz/960kHz are 22RBs/6RBs/3RBs, we would recommend using one of the options on candidate RB value set as proposed below.

Proposal 5: Support configuration with a coarser RB granularity for PF0/1/4. Recommend candidate RB value sets contain the following options: 
· Option 1: {1, 2, 4, 8, 16, 22} for SCS 120kHz, {1, 2, 4, 6} for SCS 480kHz, and {1, 2, 3} for SCS 960kHz.
· Option 2: {1, 2, 4, 6, 8, 12, 16, 22} for SCS 120kHz, {1, 2, 4, 6} for SCS 480kHz, and {1, 2, 3} for SCS 960kHz.
· Option 3: {1, 2, 4, 6, 8, 12, 16, 22} for SCS 120kHz, {1, 2, 3, 4, 5, 6} for SCS 480kHz, and {1, 2, 3} for SCS 960kHz
where Option 1 corresponds to the sets as shown by the MIL figures in the previous sections; Option 2 has added the possibility of scheduling 6 and 12 RBs as well (without increasing the DCI size), since for certain cases, for example PF0 with 1 OS, the MIL difference between 4 RBs and 8 RBs is a bit bigger and so is for certain cases relating between 8 RBs and 16 RBs; Option 3 in addition allows the remaining valid RB values for SCS 480kHz to be schedulable, as a compromised option between Alt 1 and Alt 2.    
Additional Enhancement Possibilities
Recall that the motivation of PUCCH format 0/1/4 enhancements was to increase the number of RBs under power limits in shared spectrum operation, since only 1 RB was allowed for these formats in prior releases as shown in Table 7. Besides the agreements and further discussions on RB extensions, agreements had been reached on the type of DMRS sequence to use, OCC length for pre-DFT block-wise spreading, and pre-DFT block-wise spreading performed across all allocated RBs for PF4, details included in the attached agreements.
Also,  it was agreed that user-multiplexing can be considered with  lower priority compared to maximum isotropic loss for PUCCH as a design criterion. This can be a no less important motivation for additional enhancements or simplifications be studied for including but not limited to formats 0/1/4. For example, the rule of no multiplexing in same PRB may now be applied to formats other than format 2/3, since all has more than 1 RB to use if scheduled. 
Besides, assuming the range of schedulable OSs for each format remains the same, the number of allowed HARQ-ACK bits may be subject to change for PF0/1, considering that much more than 2 bits of HARQ-ACK is needed for cases such as multi-PDSCH. 
Time multiplexing rules of UCI and DMRS symbols might need to be revisited as well, depending on the eventual agreements to be made for the RS enhancement subject inside PDSCH/PUSCH enhancement. 
Finally, if multi-PUCCH is supported for 52.6GHz to 71GHz, additional enhancements might be needed upon the legacy to coordinate different PUCCH occasions. 
Proposal 6: Study other design aspects besides the RB extension for additional necessary enhancements for any PUCCH format, e.g., UE multiplexing, allowed number of bits, time multiplexing of UCI, DMRS, and multi-PUCCH.
Table 7. PUCCH Formats

	Format Type
	Duration Type
	# of Symbols
	# of UCI Bits
	# of PRBs
	Descriptions

	0
	Short
	1 - 2
	≤ 2
	1
		UE multiplexing in same PRB; based on sequence selection/no DMRS




	1
	Long
	4 - 14
	≤ 2
	1
		UE multiplexing in same PRB;
	time-multiplex UCI &DMRS







	2
	Short
	1 - 2
	>2
	1-16
		No multiplexing in same PRB;
freq. multiplexes UCI &DMRS




	3
	Long
	4 - 14
	>2
	1-6, 8-10,
12, 15, 16
		Large UCI payloads; no multiplexing in same PRB; time-multiplex UCI & DMRS




	4
	Long
	4 - 14
	>2
	1
		Moderate UCI payloads; some multiplexing capacity in same PRB.






Conclusion
Link-performance evaluation for enhancement of PUCCH formats 0/1/4 under alternative power limits are included. The MILs associated with different SCSs, number of RBs, and number of OFDM symbols are provided. Coarser granularity for RB extension is recommended for overhead reduction consideration.    
Observation 1: With the alternative setting {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm} and assuming CM not larger than 3dB across any number of RBs, the maximum numbers of RBs under US/North Korea power limits for SCS 120kHz/480kHz/960kHz are 22RBs/6RBs/3RBs. 
Observation 2: No substantial MIL changes between cases using adjacent number of RBs ensures that the ‘MIL granularity’ does not have to reduce significantly if coarser RB granularity is adopted. 
Observation 3: The ACK miss detection performance improves by increasing the number of RBs for PF0. Using 2 OS offers better performance than 1 OS for all RB values considered. The CM values under 1 OS and 2 OS are similar across different RBs. 
Observation 4: The MIL values increase with the number of RBs under US regional power regulations, assuming power limits {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm}. The trend is no longer the same under South Korea regional power regulations as with the EIRP limited cases. 
Observation 5: Similar to PF0, the ACK miss detection performance improves by increasing the number of RBs for PF1. Using 14 OS offers better performance than 6 OS for all RB values considered. The CM values under 14 OS and 6 OS are similar across different RBs.
Observation 6: The trend of MIL values with 6 OSs and SCS 960kHz is not exactly the same with that associated with 14 OSs. Under US regulation, 3 RBs offers more MIL gain than 1RB with 6 OSs than 14 OSs; under South Korea regulation, 2 RBs has the best MIL with 6 OSs while 1RB has the best MIL with 14 OSs. 
Observation 7: For PF4, the detection performance using 14 OSs is better than using 6 OSs, while the gain shrinks for larger RBs. 
Observation 8: Using larger number of RBs generally leads to better MIL, and there is no substantial gain from slightly increase the number of RBs, thus it is not seen as necessary for every number of RBs be configurable. 

Proposal 1: Once the final power limits and beamforming gains feedback from RAN4 are available, re-evaluation to capture the trends under different regional regulations is necessary, if the finalized values differ from the suggested values from RAN1.  
Proposal 2: The MIL trend not only varies according to the number of RBs used, but also according to the number of OSs. Therefore, evaluate different RB value sets for different number of OSs under PF1. 
Proposal 3: For better coverage, the gNB can configure a larger number of RB to carry UCI if smaller number of OSs is selected. 
Proposal 4: To address the dynamic HARQ-ACK codebook size it seems beneficial to consider the number of RBs be indicated by the DCI for better coverage or power saving. In this case, coarser granularity indication is beneficial for DCI overhead reduction consideration.  

Proposal 5: Support configuration with a coarser RB granularity for PF0/1/4. Recommend candidate RB value sets contain the following options: 
· Option 1: {1, 2, 4, 8, 16, 22} for SCS 120kHz, {1, 2, 4, 6} for SCS 480kHz, and {1, 2, 3} for SCS 960kHz.
· Option 2: {1, 2, 4, 6, 8, 12, 16, 22} for SCS 120kHz, {1, 2, 4, 6} for SCS 480kHz, and {1, 2, 3} for SCS 960kHz.
· Option 3: {1, 2, 4, 6, 8, 12, 16, 22} for SCS 120kHz, {1, 2, 3, 4, 5, 6} for SCS 480kHz, and {1, 2, 3} for SCS 960kHz
Proposal 6: Study other design aspects besides the RB extension for additional necessary enhancements for any PUCCH format, e.g., UE multiplexing, allowed number of bits, time multiplexing of UCI, DMRS, and multi-PUCCH.
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Appendix
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.

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