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[bookmark: _Ref178064866]This document summarizes the contributions made under the “Enhancements for PUCCH Formats 0/1/4” agenda item of the Rel-17 work item "Supporting NR from 52.6GHz to 71 GHz."
The updated WID [1] contains the following objective related to this agenda item:
-	Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
The following is an outline of the summary:
1	Introduction	
2	Frequency Domain Resource Mapping	
2.1	Number of RBs for Enhanced PF0/1/4	Proposal 1
2.2	Multiplexing of Users with Misaligned RB Allocations	Suggested Conclusion
2.3	RE Mapping for Enhanced PF0/1/4 for 120 kHz SCS	Proposal 3
2.4	Indication of N_RB	Suggest to Defer Discussion
3	Sequence Construction	
3.1	Sequence Construction for Enhanced PF0/1	Further Discssion Required
3.2	DMRS Sequence Construction for Enhanced PF4	Proposal 5
4	User Multiplexing Design for Enhanced PF4	
4.1	OCC Lengths	Proposal 6
4.2	Pre-DFT Blockwise Spreading	Proposal 7
5	PUCCH Resource Sets Prior to RRC Configuration	SUGGEST to Defer Discussion

[bookmark: _Toc62396100][bookmark: _Toc69069511][bookmark: _Toc5100796][bookmark: _Toc8247941][bookmark: _Toc5596042][bookmark: _Toc5596356][bookmark: _Toc8398210][bookmark: _Toc17755481][bookmark: _Toc1970558][bookmark: _Toc535588812]2	Frequency Domain Resource Mapping
[bookmark: _Toc62396103][bookmark: _Toc69069512][bookmark: _Toc62396101]2.1	Number of RBs for Enhanced PF0/1/4
The following agreement was made at RAN1#104-e:

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

The main open issues are: 
· What is the maximum number of RBs for PF0/1/4 for each SCS (120, 480, 960 kHz)?
· What granularity of configuration of the number of RBs should be supported?

The following table provides a summary of company proposals:

	[bookmark: _Hlk62138312]Company
	Company Proposals

	Intel
	Proposal 2: Before RAN1 concludes on the maximum number of PRBs required, it should discuss on the practical values that may be used by a UE for TX beamforming gain. Furthermore, RAN1 should discuss whether a proper framework is needed for the UE to implicitly or explicitly indicate its own power class and beamforming gain to the gNB.

	ZTE
	Proposal 1: The PRB number for PUCCH should take waveform, numerology, system bandwidth, EIRP and link budget into account. The max value of N_RB can be the maximum PRB in the system bandwidth. The allowed values of N_RB within the [min/max] range can be flexible.
PF0/1: 35/9/5 (assumes TxBF = 0)
PF4: 32/9/5 for 120/480/960 kHz (assumes TxBF = 0)

	Lenovo, MoM
	Proposal 1: For NR operation between 52.6 GHz and 71 GHz, increased RB allocation for PUCCH formats 0/1/4 should be supported

	Nokia
	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 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. 

	CATT
	Proposal 3    The maximum value of NRB for each SCS should be gNB configurable and depends on the PSD limit and the EIRP in the region of the deployment.
Proposal 4    The number of RBs for PUCCH format0/1/4 can be cell specific or UE specific RRC configured.

	LGE
	Proposal #2: For the maximum values of NRB for each SCS, consider the following alternatives:
· Alt. 1: The maximum values of NRB for each SCS can be predefined in the specification considering the DFT constraint for PF4 on top of the regulatory requirements such as the power spectral density and the maximum output power. For example, the maximum values of NRB for each SCS can be predefined as 36/9/5 for 120/480/960 kHz SCS in the specification.
· Alt. 2: Determine the maximum value of NRB in a specific SCS, and calculate the maximum values of NRB for other SCS by using the proportional relationships among SCSs. For example, based on the maximum value of NRB = 5 for 960 kHz SCS, the maximum values of NRB for 480 kHz and 120 kHz SCS can be calculated as 10 and 40, respectively.
Proposal #3: For the allowed values of NRB, the positive integer values between the min/max NRB can be used for PF0/1 while the allowed values of NRB between the min/max NRB for PF4 can be obtained by applying the DFT constraint.
Proposal #4: The values of NRB after the RRC connection can be configured based on the allowed values of NRB defined in the specification for each PUCCH format/resource by the gNB (UE-dedicated RRC signalling).

	Futurewei
	Proposal 1: For PF0 under the considered scenario, if reaching the conducted power limit is the primary concern, extend the RB to the numbers corresponding to the target BWs for SCS 120kHz, 480kHz, and 960kHz, which are 11, 3, and 2, respectively, corresponding to the TxBF gain set according to Table 2 of R1-2102127.  
Proposal 2: For PF1 under the considered scenario, extend the RB to the number corresponding to the target BW. 
Proposal 3: For PF4 under the considered scenario, extending the RB to the target BW leads to better performance than the single RB case under SCS 480kHz and 960kHz. For SCS 120kHz, extending the number of RB to occupy less than the target BW may be considered. 

	OPPO
	Proposal 1: For SCS=120 kHz, the following N_RB values can be supported: 1, 12, 32, where 
· N_RB = 1 is used for applying EU regulatory power limit and UE_P limitation.
· N_RB = 12 is used for applying US regulatory power limit and UE_P limitation.  
· N_RB = 32 is used for applying EU regulatory power limit without UE_P limitation.

Proposal 2: For SCS=480 kHz, the following N_RB values can be supported: 1, 4, 8, where 
· N_RB = 1 is used for applying EU regulatory power limit and UE_P limitation.
· N_RB = 4 is used for applying US regulatory power limit and UE_P limitation.  
· N_RB = 8 is used for applying EU regulatory power limit without UE_P limitation.

Proposal 3: For SCS=960 kHz, the following N_RB values can be supported: 1, 2, 4, where 
· N_RB = 1 is used for applying EU regulatory power limit and UE_P limitation.
· N_RB = 2 is used for applying US regulatory power limit and UE_P limitation.  
· N_RB = 4 is used for applying EU regulatory power limit without UE_P limitation.


	Apple
	Proposal 1: At least for PF0, PF1 and PF4, N consecutive RBs are allocated for PUCCH. 
· N should be based on the SCS, waveform restrictions for each format, the UE power class, the beamforming gain of the UE and the regulatory region. N can be configured by the gNB
· Assuming a 6 dB UE antenna gain, N is 11 for 120 kHz, 3 for 480 kHz and 2 for 960 kHz for the USA and South Korea.

Proposal 3: For PF2 and PF3, a restriction on the minimum number of RBs transmitted for each SCS should also be specified subject to waveform specific limitations for PF3. 


	Huawei
	Proposal 1: The maximum number of PRBs for the PUCCH is limited to:
· For 120 kHz SCS: 32
· For 480 kHz SCS: 8
· For 960 kHz SCS: 4

	DOCOMO
	Proposal 2: For PUCCH format 0, considering the MIL performance evaluation results, at least the following numbers of RBs can be considered as the maximum number of RBs for each SCS.
· 120 kHz SCS: 10RBs
· 480 kHz SCS: 4 RBs
· 960 kHz SCS: 2 RBs
Proposal 4: For PUCCH format 1, considering the MIL performance evaluation results, at least the following numbers of RBs can be considered as the maximum number of RBs for each SCS.
· 120 kHz SCS: 10RBs
· 480 kHz SCS: 4 RBs
· 960 kHz SCS: 2 RBs

	Sony
	Observation 1. The required maximum value of  depends on the sub-carrier spacing and on the region. Values of  might be needed.
Proposal 2. To enable efficient multiplexing of UEs with different configured values of , support Alt-2. Permitted values of  can be multiples of , the minimum value of .

	Samsung
	Proposal 2: The maximum value of NRB for enhanced PF 0/1 can be 11 PRBs for SCS=120KHz, 3 PRBs for SCS=480KHz and 2 PRBs for SCS=960KHz. 
Proposal 5: The maximum value of NRB for enhanced PF 4 can be 12 PRBs for SCS=120KHz, 3 PRBs for SCS=480KHz and 2 PRBs for SCS=960KHz.

	MediaTek
	[bookmark: _Ref61449459]Proposal 1: The maximum value of  for SCS of 120 KHz, 480 KHz, and 960 KHz are 40, 10, and 5, respectively.

	Interdigital
	Proposal 1: It is preferred to support 18 PRBs and 9 PRBs as maximum values for 480 kHz and 960 kHz, respectively, while 120 kHz may need further consideration.
Proposal 2: It is preferred to support 1 PRB for 120 kHz, 480 kHz and 960 kHz as PUCCH formats 0/1/4 are designed for single PRB based transmission.
Proposal 3: It is preferred to hold the discussion on available values of NRB until having designs for sequence construction

	Spreadtrum
	Proposal 1: The maximum value of NRB is {8, 2, 1} respectively for the SCS {120kHz, 480kHz, 960kHz}.

	Ericsson
	Proposal 1	Rel-17 PUCCH formats 0, 1 and 4 supports up to 10 contiguous RBs for 120 kHz SCS, up to 3 contiguous RBs for 480 kHz SCS, and up to 2 contiguous RBs for 960 kHz.

	vivo
	[bookmark: _Ref68190193]Proposal 7: The maximum value of NRB for each SCS of each PUCCH format 0/1/4 are listed in Table 4.
[bookmark: _Ref68173474][bookmark: _Ref68172744]Table 4 Maximum value of NRB for each SCS and each of PF0/1/4 
	
	PF 0 
	PF 1
	 PF 4 (4bits)
	PF 4 (11bits)
	PF 4 (22bits)

	120 kHz
(case 1& 5)
	8
	8
	8
	8
	8

	480 kHz
	2
	2
	4
	4
	4

	960 kHz
	2
	2
	2
	2
	2



[bookmark: _Ref68190194]Proposal 8: The allowed values of NRB within the [min/max] range for each SCS of each PUCCH format 0/1/4 are listed in Table 5. 
[bookmark: _Ref68173689]Table 5 Allowed values of NRB within the [min/max] range
	
	PF 0
	PF 1
	 PF 4 (4bits)
	PF 4 (11bits)
	PF 4 (22bits)

	120kHz
(case 1&5)
	{1,2,3,4,5,6,7,8}
	{1,2,3,4,5,6,7,8}
	{1,2,3,4,5,6,8}
	{1,2,3,4,5,6,8}
	{1,2,3,4,5,6,8}

	480kHz
	{1,2}
	{1,2}
	{1,2,3,4}
	{1,2,3,4}
	{1,2,3,4}

	960kHz
	{1,2}
	{1,2}
	{1,2}
	{1,2}
	{1,2}






Many companies have provided extensive evaluation results, both analytical and empirical, for addressing the issue on the maximum number of RBs that should be supported for enhanced PF0/1/4. 
As agreed previously, decisions on the number of RBs should be based on link budgets (maximum isotropic loss (MIL)) based at least on the agreed evaluation assumptions. In order to evaluate the maximum isotropic loss (MIL), the following expression was agreed for calculating the conducted UE transmit power P_TX:
	Transmit power, P_TX (dBm)
	
	Maximum allowed transmit power including UE power limitation and backoff

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



This expression is a function of 3 power terms (in addition to the Tx beamforming gain and power backoff):
· The regional maximum conducted power Pmax given in Table 1 below
· Two UE limitation terms given in Table 2 below:
· UE maximum UE_EIRP
· UE maximum conducted power UE_P

[bookmark: _Ref68162587][bookmark: _Ref68171243]Table 1: Regulatory power limits per region (from Section 2.3 of [2])
	Region
	Maximum Conducted Power, Pmax (dBm)

	US
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm – TxBF

Conducted power limit as a function of PUCCH BW per hop:
     Pmax_P = 27 dBm – max(0, 10*log10(100 / BW))

Combined limit:
     Pmax = min(Pmax_P, Pmax_EIRP)

	Europe
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm – TxBF

Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 23 dBm/MHz + max(0, 10*log10(BW)) – TxBF

Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	South Korea
	Conducted power limit due to EIRP limit: 
     Pmax_EIRP = 43 dBm – TxBF   when an equipment is >=300m from an astronomical antenna
     Pmax_EIRP = 27 dBm – TxBF   when an equipment is <300m from an astronomical antenna

Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 13 dBm/MHz + max(0, 10*log10(BW)) – TxBF

Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	Other regions
	…

	Note: BW is the PUCCH bandwidth per hop in MHz



[bookmark: _Ref68162601][bookmark: _Ref68162671]Table 2: UE power limitations (from Section 2.3 of [2])
	UE Power Limitations
	
	Maximum EIRP:
UE_EIRP = 25 dBm

Maximum conduced power (prior to consideration of backoff):
UE_P = 21 dBm
 
Optional:
- UE_EIRP = 40dBm
- UE_P = 21 dBm

Note: Companies to report if other cases evaluated



Using these agreed assumptions, Samsung [16] calculates the following number of RBs required to maximize P_TX. These values have been confirmed by several companies through link budget evaluations.
Observation 1: To achieve maximum P_TX, candidate number of PRBs are:
· For 120KHz SCS, 11 PRBs or 12 PRBs in US and South Korea, and 1 or 2 PRBs in Europe
· For 480KHz SCS, 3 PRBs in US and South Korea, and 1 PRB in Europe
· For 960KHz SCS, 2 PRBs in US and South Korea, and 1 PRB in Europe. 
These values should be considered as the baseline since they are determined using the agreed evaluation assumptions. However, it is reasonable to further discuss potential variations from this baseline based on other factors.
Based on company contributions the following is a high level summary of what companies recommend as candidates for the maximum number of RBs. The numbers X / Y / Z correspond to 120 / 480 / 960 kHz SCS:
· Candidate Set #1: {12 / 3 / 2}, {11 / 3 / 2}, {10 / 4 / 2}, {10 / 3 / 2}
· Futurewei, Apple, DOCOMO, Samsung, Ericsson, Nokia
· This set of values is close to the baseline set using the agreed evaluation assumptions
· Candidate Set #2: {40 / 10 / 5}, {35 / 9 / 5}, {32 / 9 / 5}, {32 / 8 / 4}
· ZTE, LGE, OPPO, Huawei, MediaTek
· It appears as though these larger values were determined without accounting for the the UE Power Limitations in Table 2, or without accounting for the transmit beamforming, or by considered only PSD limits, or some combination of these factors.
· Candidate Set #3: {8 / 2 / 2}, {8 / 4 / 2}, {8 / 2 / 1}
· vivo, Spreadtrum
· vivo considered N_RB values that are restricted to a power of 2 (2, 4, 8, 16). Without this restriction, the values may be closer to Candidate Set #1.
· Candidate Set #4: {20 / 5 / 3}, {X / 18 / 9}
· Sony, Interdigital
· To arrive at these numbers, Sony has used different values for the UE conducted power and UE transmit beamforming gain compared to the baseline.
· Candidate Set #5: {X / Y / Z}
· Intel
· X, Y, Z not repeated here (see details in [13])
· This set of values is parameterized by the UE Tx beamforming gain and the UE power class. At least for UE power class 3 and 6 dB beamforming gain, the results appear to be similar to Candidate Set #1.
Several companies have pointed that the required number of RBs increases when:
· A smaller UE Tx beamforming gain is assumed
· A larger UE conducted power limit and UE EIRP limit is assumed

Based on the above, it is the FL's recommendation to agree on at least the baseline set of values, and then further discuss if larger values are needed, e.g., to support lower UE Tx beamforming gain or larger UE conducted power/EIRP for higher power class UEs. Furthermore, once the maximum values are agreed, we can further discuss what granularity of values should be supported between 
Proposal 1		Agree on the following
· 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 larger values need to be supported, e.g., to support lower UE Tx beamforing gain and/or larger UE EIRP and conducted power limits for different UE power classes

[bookmark: _Toc69069514]2.2	Multiplexing of Users with Misaligned RB Allocations
The agreement shown in Section 2.1 also includes an FFS on whether or not multiplexing of users with misaligned RB allocations is supported, where "misaligned" also includes users with different # of RBs. The following table provides a summary of company proposals on this topic.

	Company
	Company Proposals

	ZTE*
	Proposal 4: PRB misalignment issue for PUCCH format 0/1 can be left to gNB implementation.
Proposal 8: For PUCCH format 4, PRB misalignment issue can be left to gNB implementation.

	Nokia
	Observation 2: We do not see a need for supporting multiplexing of users with misaligned RB allocations with enhanced PUCCH formats 0/1/4.

	LGE
	Proposal #5: Since the misaligned RB allocation may lead to restricting the scheduling/configuration, do not support multiplexing of users with misaligned RB allocations.

	Sony
	Proposal 1: Support multiplexing of UEs with different configured values of  is required for enhanced PF0/1/4.
Proposal 2. To enable efficient multiplexing of UEs with different configured values of , support Alt-2. Permitted values of  can be multiples of , the minimum value of .

	Qualcomm
	[bookmark: p6]Proposal 6: For multi-RB PUCCH 0/1, NR supports multiplexing of users with misaligned RB allocations under the condition that Alt-2 is adopted for base sequence and cyclic shift ramping is used as Rel-16.

	vivo*
	[bookmark: _Ref68190195]Proposal 9: The multiplexing of users with misaligned RB allocations should not be supported.



There seems to be a roughly even split on whether multiplexing of misaligned users should or should not be supported. Some companies have pointed out that this is tied ot the decision on the sequence design for PF0/1/4.
At least one company points out that this can be left to gNB implementation, and the moderator asks the same question. Clearly, it makes no difference to the UE. Furthermore, a proper gNB implementation will not try to multiplex users if the PUCCH format design does not support it, or if the performance would not be acceptable.

Proposal 2		Recommend the following conclusion (formal agreement not needed)
On the question of "Whether or not multiplexing of users with misaligned RB allocations is supported, where "misaligned" also includes users with different # of RBs" it is concluded that this is left to gNB implementation.

[bookmark: _Toc69069516]2.3	RE Mapping for Enhanced PF0/1/4 for 120 kHz SCS
[bookmark: _Hlk62218285]The following agreement was made at RAN1#104-e:

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)

The main open issue is for the case of 120 kHz SCS, which RE mapping approach should be supported:
· 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)

The following table provides a summary of company proposals:

	Company
	Company Proposals

	Intel
	Proposal 1:  For the enhanced (multi-RB) PUCCH formats 0/1/4 for 120 kHz SCS all REs within each RB are mapped.

	ZTE
	Proposal 2: In 52.6GHz-71GHz frequency band, PUCCH should map into all REs within the PRBs allocated

	Nokia
	Proposal 8: All REs within each RB are mapped for enhanced PUCCH formats 0/1/4.

	LGE
	Proposal #1: For enhanced PUCCH formats 0/1/4 for 120 kHz SCS, the PRB and sub-PRB interlaced mapping should not be considered further.

	OPPO*
	Proposal 5: For 120 kHz SCS, adopt sub-PRB mapping instead of full-PRB mapping, where only 1 RE is mapped in a RB. 

	Apple
	Proposal 2: To ensure  consistent design across all SCSs, for 120 kHz SCS, all REs within each RB are mapped.

	Huawei
	Proposal 2: Sub-PRB interlaced mapping is not introduced for 120 kHz SCS.

	Qualcomm
	[bookmark: p5]Proposal 5: For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120kHz SCS, support allocation of contiguous RBs, and all REs within each RB are mapped

	Samsung
	Proposal 1: Support unified solution for enhanced PUCCH format 0/1/4 based on contiguous multi-full PRB allocation for 120/480/960KHz. 

	WILUS
	· Proposal 1: The interlaced or sub-PRB interlaced design for PUCCH format 0/1/4 seems not necessary to apply to 60GHz unlicensed spectrum from the perspective of power boosting in the new numerologies, i.e., 480kHz, 960kHz, and 120kHz SCS.
· Even for 120kHz SCS case, we support Alt-1.
· Alt-1: All REs within each RB are mapped.
· Note: PRB and sub-PRB interlaced mapping is not considered further.

	Ericsson*
	Proposal 4	Do not support sub-PRB allocations for Rel-17 PUCCH.

	vivo*
	Proposal 2: For enhanced PUCCH format 0/1, for 120 kHz SCS, we support both of the two alternatives for RE mapping. Meanwhile, the UE multiplexing impact for MIL need further study. 
[bookmark: _Ref68190188]Proposal 3: For UCI of enhanced PUCCH format 4, all REs within each RB are mapped is preferred for 120kHz SCS.



All but two companies support Alt-1. Out of the two companies supporting Alt-2 (OPPO, vivo), vivo proposes that both Alt-1 and Alt-2 are supported.
OPPO evaluates the following scenario for Alt-2 and compares the performance to Alt-1:
· 120 kHz SCS
· 12 RBs
· 1 RE mapped per PRB  Comb-12 pattern
· PF0
· 1 bit payload

Vivo evalutates the following scenario for Alt-2 and compares the performance to Alt-1:
· 120 kHz SCS
· 2, 4, 8 RBs
· 6 REs per PRB mapped to PUCCH in a Comb-2 pattern (best performing alternative amongst the ones evaluated)
· Single long sequence mapped to all used REs
· PF0 and PF1
· 1 bit payload?
· 5, 10, 20 ns delay spread
· Evaluated US, Europe, South Korea regions

Ericsson evaluates the following scenario for Alt-2 and compares the performance to Alt-1:
· 120 kHz SCS
· 2, 4, 6, 8, 10, 12 RBs
· 6 REs per PRB mapped to PUCCH in a Comb-2 pattern (best performing alternative amongst the 3 cases evaluated)
· Single long sequence mapped to all used REs
· PF0
· 1 and 2 bit payloads
· 5 and 40 ns delay spread
· Evaluated US, Europe, South Korea regions

The following observations are drawn:
· OPPO observes comparable MIL for Alt-1 and Alt-2
· Vivo observes comparable MIL for Alt-1 and Alt-2 except for the following case where Alt-2 provides gains on the order of 2 dB for both PF0 and PF1
· 4 RBs in the Europe region
· However, in the Europe region
· For PF0, the MIL for single RB Alt-1 is within 1 dB of Alt-2 with 4 RBs
· For PF0, the MIL for single RB Alt-1 is exceeds that for Alt-2
· Ericsson observes that at best, Alt-2 is comparable to Alt-1, but Alt-2 has a degradation of 0.5 – 1 dB in large delay spread.

On balance, it is not clar that Alt-2 offers any meaningful gain compared to Alt-1. Some companies observe that even if there would be a gain, the number of RBs for Alt-1 can simply be increased
Given these observations, it does not seem motivated to support two different RE mappings from an implementation complexity point of view. Hence, the FL recommendation is to down-select to Alt-1 only. 

Proposal 3		Agree on the following
For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120 kHz SCS, support allocation of N_RB contiguous RBs in which all REs within each RB are mapped (Alt-1 in agreement from RAN1#104-e). Sub-PRB interlaced mapping is not considered further.
· Note: the same RE mapping approach was previously agreed for 480 and 960 kHz

[bookmark: _Toc69069518][bookmark: _Hlk68700925][bookmark: _Toc62396105]2.4	Indication of N_RB 
The agreement shown in Section 2.1 also includes an FFS on the details of indication of N_RB by cell-specific (for PF0/1) and dedicated signaling (PF0/1/4). The following table provides a summary of company proposals on this topic.

	Company
	Company Proposals

	vivo
	[bookmark: _Ref68190199]Proposal 11: The indication of NRB for common PUCCH format 0/1 can be configured in the predefined table of PUCCH resource sets before dedicated PUCCH resource configuration or configured by SIB1.
[bookmark: _Ref68190200]Proposal 12: The PUCCH frequency resource and the first PRB index are dependent on the NRB.
[bookmark: _Ref68190201]Proposal 13: The sub-PRB interlace RE mapping pattern candidates should be configured by SIB1 and then dynamically indicated to UE by DCI format.
[bookmark: _Ref68190203]Proposal 14: The indication of NRB (PF0/1/4) and sub-PRB interlace RE mapping pattern are by dedicated RRC signalling.

	
	

	
	

	
	



Clearly, this topic has not attraced very much company input; however, it is still early to discuss this topic. The moderator recommends that discussion on this topic is deferred until more progress is made on the fundamental PUCCH design issues.
[bookmark: _Toc69069520]3	Sequence Construction
[bookmark: _Toc69069521]3.1	Sequence Construction for Enhanced PF0/1
The following agreement was made in RAN1#104-e:

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

For the PF0/1 sequence, the main open issue is which sequence construction method should be supported:
· Alt-1: A single long sequence
· Alt-2: Sequence repeated in each RB + cyclic shift cycling for PAPR/CM mitigation

The following table provides a summary of company proposals:

	Company
	Company Proposals

	Intel*
	Proposal 3: For PUCCH format 0 and 1, the sequence is generated by using a Type-1 low PAPR sequence of length equal to the number of subcarriers over which the PUCCH spans across.

	ZTE*
	Proposal 3: Regarding the PUCCH format 0/1 sequence type selection, Alt1 (a single long sequence) is preferred

	Lenovo, MoM*
	Proposal 2: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 transmitted with multiple number of (same) base sequences with different phase shifts should be supported for mapping to multiple RBs

Proposal 3: For NR operation between 52.6 GHz and 71 GHz, Rel 15 based long sequence should be considered for PUCCH formats 0/1 for mapping to multiple RBs.
Proposal 4: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 should be enhanced to support 2-bit transmission with 1 symbol by mapping to 2 RBs.
Proposal 5: For NR operation between 52.6 GHz and 71 GHz, a combination of repetition and longs sequence could be supported for mapping on multiple RBs for PUCCH format 0/1

	Nokia*
	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.

	CATT*
	Proposal 1    The method to reduce the PAPR should be supported if repetitive sequences are adopted.
[bookmark: OLE_LINK15]Proposal 2    For sequence repetition, cycling of cyclic shifts across RBs in a similar way as for Rel-16 can be used to reduce the PAPR.

	LGE
	Proposal #6: To minimize the specification impacts, adopt Alt-2 (a single sequence of length equal to the number of mapped REs per RB with the step size ∆ = 5 for the cycling of cyclic shifts across RBs) for the sequence type for enhanced PUCCH format 0/1 in 60 GHz.

	Futurewei*
	Proposal 4: Use long T1-LPS instead of repetitive T1-LPS sequence for PF0, PF1, and PF4. CCS T1-LPS can be an option for PF0/1. 

	OPPO*
	Proposal 4: Adopt long sequence for PUCCH format 0 and format 1 when N_RB>1. 

	Apple*
	Proposal 4: For enhanced PF0/1,  a single Type-1 low PAPR sequence of length equal to the total number of mapped REs 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.

	Huawei*
	Proposal 3: For PUCCH format 0 and format 1, 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.
· Cycling of cyclic shifts across PRBs is performed in the same way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured.

	DOCOMO
	Proposal 1: According to the evaluation results of Cubic Metric, required SNR on sequence detection and the MIL performance with sequence designs of Alt-1 and Alt-2, Alt-1 should be supported as the PUCCH format 0 base sequence design with multiple RBs.
Proposal 3: According to the evaluation results of Cubic Metric, required SNR on sequence detection and the MIL performance with sequence designs of Alt-1 and Alt-2, Alt-1 should be supported as the PUCCH format 1 base sequence design with multiple RBs.

	Qualcomm*
	[bookmark: p1]Proposal 1: Support Alt-2 for base sequence type when PUCCH format 0/1 occupies more than one RB.

	Samsung
	Proposal 3: Support Alt-2 (Rel-16 NR-U short sequence with repetition) for PUCCH format 0/1 for desirable UL coverage, UE multiplexing with misaligned resource allocation and minor standard impact.   

	WILUS
	· Proposal 3: For low PAPR sequence for enhanced PUCCH format 0/1 (PF0/1) and DMRS sequence of enhanced PUCCH format 4 (PF4) respectively, we propose to support Alt-2 that 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.

	MediaTek
	[bookmark: _Ref68353572]Proposal 2: Alternative 1 should be adopted as the base sequence design for enhanced PUCCH format 0/1.

	Interdigital
	Proposal 4: It is preferred to support a single sequence of length equal to the total number of mapped REs of the PUCCH resource (Alt-1).

	Spreadtrum
	Proposal 2: For enhanced PF0/1, Alt -2 should be supported in order to reduce the impact of the specification.

	Ericsson*
	Proposal 3	Reuse the Rel-15 rules to select base sequences for Rel-17 enhanced PUCCH format 0, 1 and 4 with multiple RBs, i.e., based on Low-PAPR sequence Type-1 defined in 38.211 Section 5.2.2. Do not support repeated sequences with cyclic shift cycling.

	vivo*
	[bookmark: _Ref68190184]Proposal 1: For enhanced PUCCH format 0/1, the alt 1 of a single sequence of length equal to the total number of mapped REs of the PUCCH resource is preferred.
[bookmark: _Ref68190196]Proposal 10：For a single sequence of length equal to the total number of mapped REs of the PUCCH resource, the cyclic shift should be adapted with the length of the sequence at least for PUCCH format 0/1.



While a majority of companies prefer Alt-1 it seems like more discussion is needed before down-selecting to one alternative amongst Alt-1 and Alt-2. Some aspects to consider in the discussion are the following:
· Multiple companies have compared the cubic metric for Alt-1 and Alt-2 and found that Alt-1 has a cubic metric advantage up to at least 10 RBs and also for above 22 RBs. For example, [13] contains the following graph which shows that in the 2 – 8 RB range the CM for Alt-2 rises to 3.5 dB, whereas the CM for Alt-1 is stable at around 2 dB or less.
[image: ]
Figure 3 – 95th percentile CM of all the sequence as a function of the number of PRBs over which the sequence spans. 

· Some companies claim that this does not matter since it doesn't affect MIL. However, the moderator would like to point out that according to the agreed evaluation assumptions, when one accounts for the UE power limitations in Table 2 in Section 2.1, the MIL is indeed affected. This has also been observed by other companies, e.g., [7]. This is explained as follows. The conducted power corresponding to the UE_EIRP limit is 19 dBm (25 dBm EIRP – 6 dBi Tx beamforming gain) and the conducted power corresponding to the UE_P limit is 21dBm – CM. This means that if the CM exceeds 2 dB (difference between 21 and 19), the latter limit becomes the limit that directly affects the MIL. Clearly, this happens for Alt-2 in the 2 – 8 RB range. Since many companies find that the number of RBs for 480 and 960 kHz should be in the range 2 – 4, the CM can have an impact on MIL up to 1.5 dB for these SCSs.
· Some companies prefer Alt-2 since it is claimed it has lower spec impact than Alt-1 since Alt-2 was the approach used for Rel-16. However, the moderator would like to point out that Alt-2 (sequence repetition + cyclic shift cycling) is only defined for PF0/1 when interlaced PUCCH is configured. When interlaced PUCCH is not configured, a single (non-repeated) sequence is the same approach used for PF0, PF1, PF3 DMRS, and PF4 DMRS which is already specified in Rel-15 for variable sequence lengths depending on how many PRBs are allocated (38.211 Section 5.2.2).
· Some companies observe that Alt-2 offers multiplexing flexibility for the case of misaligned RB allocations. However, in this and other discussions some companies observe that it is not clear that such flexible multiplexing is needed for the 52.6 – 71 GHz band, over and above what is already available by the use of cyclic shifts, since the likelihood of having users in the same beam to multiplex is low.

Proposal 4	Further discuss Alt-1 vs. Alt-2 with a goal of down-selecting to one alternative

[bookmark: _Toc62396108][bookmark: _Toc69069523]3.2	DMRS Sequence Construction for Enhanced PF4 
The following agreement was made in RAN1#104-e.

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

For the PF4 DMRS sequence, the main open issue is which sequence construction method should be supported:
· Alt-1: A single long sequence
· Alt-2: Sequence repeated in each RB + cyclic shift cycling for PAPR/CM mitigation

The following table provides a summary of company proposals on this topic.

	Company
	Company Proposals

	Intel
	Proposal 6: The DMRS for PUCCH format 4 is composed by a single Type-1 low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource used

	ZTE
	So we prefer Alt-1 as the DMRS for PUCCH format 4.

	Lenovo, MoM
	Proposal 6: For NR operation between 52.6 GHz and 71 GHz, Rel 15 long DFT precoding that spans all RBs should be considered for PUCCH format 4 for mapping to multiple RBs.

Proposal 7: For NR operation between 52.6 GHz and 71 GHz, a combination of repetition and longs DFT could be supported for mapping on multiple RBs for PUCCH format 4

	Nokia
	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.

	LGE
	Proposal #7: For DMRS of enhanced PF4, adopt 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). 

	Futurewei*
	Proposal 4: Use long T1-LPS instead of repetitive T1-LPS sequence for PF0, PF1, and PF4. CCS T1-LPS can be an option for PF0/1. 

	Apple
	Proposal 5: For DMRS of enhanced PF4, a single 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

	Huawei*
	Proposal 4: For PUCCH format 4, a single DMRS 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.
· Cycling of cyclic shifts across PRBs is performed in the same way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured.

	Sony
	Proposal 3. If only one Alt-1 and Alt-2 is supported, then support Alt-2.

	Qualcomm*
	[bookmark: p2]Proposal 2: For DMRS of enhanced PF4, support 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 way as Rel-15/16 for PF4.

	Samsung
	Proposal 6: Support Alt-2 (Rel-16 NR-U short sequence with repetition) for PUCCH format 4 DMRS.   

	WILUS
	· Proposal 3: For low PAPR sequence for enhanced PUCCH format 0/1 (PF0/1) and DMRS sequence of enhanced PUCCH format 4 (PF4) respectively, we propose to support Alt-2 as follows,
· 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.

	Ericsson*
	Proposal 3	Reuse the Rel-15 rules to select base sequences for Rel-17 enhanced PUCCH format 0, 1 and 4 with multiple RBs, i.e., based on Low-PAPR sequence Type-1 defined in 38.211 Section 5.2.2. Do not support repeated sequences with cyclic shift cycling.

	vivo*
	[bookmark: _Ref68190190]Proposal 4: For DMRS of enhanced PUCCH format 4, a single sequence of length equal to the total number of mapped REs of the PUCCH resource is preferred is preferred.



A large majority of companies support Alt-1 from the perspective that it reuses the same approach as in PF3 and that it offers lower cubic metric than Alt-2. It is claimed that Alt-2 may offer additional user multiplexing opportunities; however, in this and other discussions, some companies point out that it is not clear that additional multiplexing is needed for the 52.6 – 71 GHz band since the likelihood of having users in the same beam to multiplex is low.
Based on these observations, the following is recommended.
Proposal 5		Agree to the following
· 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).


[bookmark: _Toc62396110][bookmark: _Toc69069525]4	User Multiplexing Design for Enhanced PF4
The following agreement was made at RAN1#104-e:
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

[bookmark: _Toc69069526]4.1	OCC Lengths
One of the issues in the above agreement is whether or not additional OCC lengths besides 2 and 4 should be supported. The following table provides a summary of company proposals on this topic.

	Company
	Company Proposals

	Intel
	Proposal 5: Enhance UE multiplexing by supporting on top of OCC’s length 2 and 4, a larger OCC length. 

	ZTE*
	Proposal 6: For PUCCH format 4, at least for larger SCS, UE multiplexing under poor channel condition is not supported.
Proposal 7: Reuse the same deign of DMRS as in rel-15 for PUCCH format 4, no additional OCC is supported.

	Nokia
	Proposal 4: For enhanced PUCCH format 4, block-wise spreading is performed across all allocated RBs. No additional OCC lengths are supported.

	Apple
	Proposal 8: Additional OCC lengths may be optionally supported

	Qualcomm
	[bookmark: p3]Proposal 3: For UCI of enhanced PF4, support pre-DFT blockwise spreading factor of length 2 and 4 as defined in Rel-16-PF4, no additional OCC length are supported.

	Samsung
	Proposal 7: Reuse Rel-16 NR-U pre-DFT blockwise spread across all allocated PRBs with existing OCC length for UCI of enhanced PUCCH format 4.   

	Ericsson
	Proposal 2	Rel-17 PUCCH format 4 does not support higher OCC level than 4.

	vivo
	[bookmark: _Ref68190192]Proposal 6: The current OCC length for enhanced PUCCH format 4 is enough.



In Rel-15, PF4 supports OCC lengths 2 and 4. All but two companies propose that for enhanced PF4, no additional OCC lengths other these values should be supported. In this and other discussions, some companies point out that it is not clear that additional multiplexing is needed for the 52.6 – 71 GHz band since the likelihood of having users in the same beam to multiplex is low. The moderator points out that some companies have shown in evaluations that even for OCC4, the performance for larger subcarrier spacing, larger dispersion, and higher payloads degrades significantly. Hence it is questionable if the user multiplexing can be pushed further by adopting longer OCCs.
Based on these observations, the following is recommended.
Proposal 6		Agree to the following
· For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 only, as in Rel-15/16.

[bookmark: _Toc69069528]4.2	Pre-DFT Blockwise Spreading 
Another issue in the above agreement is which pre-DFT blockwise spreading approach should be supported:
· 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

The following table provides a summary of company proposals on this topic.

	Company
	Company Proposals

	Intel
	Proposal 4: Enhance UE multiplexing for PUCCH format 4 by applying the pre-DFT block-wise OCC spread across the entire transmission bandwidth on UCI symbols.

	ZTE
	Proposal 5: Alt1 with the DFT and block wise spreading across all allocated PRBs should be selected for PUCCH format 4.

	Nokia
	Proposal 4: For enhanced PUCCH format 4, block-wise spreading is performed across all allocated RBs. No additional OCC lengths are supported.

	LGE
	Proposal #8: For UCI of enhanced PF4, adopt Alt-1 (Blockwise spreading is performed across all allocated RBs).

	Apple
	Proposal 7: For UCI of enhanced PF4, blockwise spreading is performed across all allocated RBs.

	Huawei*
	Proposal 5: For PUCCH format 4, use N DFT precoders per N allocated RBs. 
· A phase ramp is used for CM/PAPR reduction method. 

	Qualcomm
	[bookmark: p4]Proposal 4: For UCI of enhanced PF4, blockwise spreading is performed across all allocated RB

	Samsung
	Proposal 7: Reuse Rel-16 NR-U pre-DFT blockwise spread across all allocated PRBs with existing OCC length for UCI of enhanced PUCCH format 4.   

	vivo*
	[bookmark: _Ref68190191]Proposal 5: For UCI of enhanced PUCCH format 4, we support alt 1 that the block-wise spreading is performed across all allocated RBs.



All but one company support Alt-1. Alt-2 is proposed in [3], and the following observation is made:
Observation 8: Using N DFT precoders maintains the IFDMA waveform, could allow more flexible UE multiplexing capability and possibility to reuse PUCCH format 4 implementation but comes at the price of higher CM, of which the difference typically is less than 2 dB if a CM reduction method is used. 
[bookmark: _Hlk68806140]While this observation mentions that an advantage of Alt-2 is that it can reuse PUCCH format 4 implementation, other companies point out that Alt-1 uses the same approach to blockwise spreading as for PUCCH format 3, and for that reason Alt-1 is more attractive. Clearly, Alt-1 has a CM advantage (up to 2 dB). Regarding UE multiplexing capability, in this and other discussions, some companies point out that PF4 already supports user multiplexing, and it is not clear that additional multiplexing is needed for the 52.6 – 71 GHz band since the likelihood of having users in the same beam to multiplex is low. 
Based on these observations, the following is recommended.
Proposal 7		Agree to the following
· For UCI of enhanced PF4, support pre-DFT blockwise spreading performed across all allocated RBs (Alt-1 in agreement from RAN1#104-e).

[bookmark: _Toc62396112][bookmark: _Toc69069530]5	PUCCH Resource Sets Prior to RRC Configuration
In RAN1#104-e, it was recommended to revisit the design of the PUCCH resource set used prior to RRC configuration once more progress is made on the design of enhanced (multi-RB) PF0/1. However, companies still provided input on this topic. The following table provides a summary of company proposals.

	Company
	Company Proposals

	Intel
	Proposal 7: Enhance PUCCH resource sets before dedicated PUCCH resource configuration to support sufficient resource partitioning via either additional starting symbols or orthogonal cover codes.

	ZTE
	Proposal 9: If the resource for cell-specific PUCCH were overlapped, similar solution in NR-U can be considered, and the resource unit could be RBG or RB set.

	Nokia
	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

	CATT
	[bookmark: OLE_LINK9][bookmark: OLE_LINK12]Proposal 5     For RRC connected UEs, the gNB could associate the PUCCH Resource ID with the number of RBs similar to that of PUCCH format 2/3.
Proposal 6    The gNB needs to indicate the UE with the configured number of RBs for PUCCH format0/1/4 during the initial access process.

	LGE
	Proposal #9: A number of RBs greater than 1 should be supported even for the initial PUCCH resource and the PRB offset value also needs to be scaled by NRB.
Proposal #10: To determine the value of NRB for the initial PUCCH resource, the following options can be considered:
· Opt.1: Directly use the predefined maximum value of NRB for PF 0/1 in the specification.
· Opt.2: Use the value of NRB configured through RRC signalling (e.g., SIB1) by gNB.
· Opt.3: Calculate the value of NRB based on the size of the initial BWP and the required number of FDM resources for each PUCCH resource set.
Proposal #11: To address the potential shortage of PUCCH resources for the initial PUCCH resource set resulting from using multi-PRB to transmit PUCCH formats 0 and 1, consider the following alternatives: 
· Alt. 1: Use only valid resources in the frequency domain
· Alt. 2: Support additional starting symbol and OCC index
Proposal #12: Considering the available number of RBs in the initial BWP and more than 1 RB allocated for an initial PUCCH resource, discuss how to configure the hopping distance to obtain hopping gain equally for each initial PUCCH resource.

	Samsung
	Proposal 4: Support contiguous multi-PRB PUCCH format 0/1 before RRC connection setup
· support different number of multiple PRBs for different scenarios.
· support different number of multiple PRBs for different UEs.

	vivo
	[bookmark: _Ref68190204]Proposal 15: The additional SLIV or OCC should be included in the PUCCH resource sets before dedicated PUCCH resource configuration.
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