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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	2 Agreements, Proposal 1b (Discuss in GTW)
2.2	Multiplexing of Users with Misaligned RB Allocations	Defer Discussion
2.3	RE Mapping for Enhanced PF0/1/4 for 120 kHz SCS	Proposal 3 (Discuss in GTW)
2.4	Indication of N_RB	Defer Discussion
3	Sequence Construction	
3.1	Sequence Construction for Enhanced PF0/1	Discuss in GTW
3.2	DMRS Sequence Construction for Enhanced PF4	Agreement
4	User Multiplexing Design for Enhanced PF4	
4.1	OCC Lengths	Agreement
4.2	Pre-DFT Blockwise Spreading	Agreement
5	PUCCH Resource Sets Prior to RRC Configuration	Defer Discussion

The following email thread is assigned for discussion of this topic:

[104b-e-NR-52-71GHz-03] Email discussion/approval on PUCCH format 0/1/4 enhancements with checkpoints for agreements on Apr-15, Apr-20 – Steve (Ericsson)
[bookmark: _Toc62396100][bookmark: _Toc69069511][bookmark: _Toc8398210][bookmark: _Toc5596356][bookmark: _Toc5596042][bookmark: _Toc8247941][bookmark: _Toc17755481][bookmark: _Toc5100796][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 
The following agreement was made in the GTW session on 4/12:
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 

Regarding the FFS, it was discussed in the GTW whether or not larger values of N_RB should be supported, e.g., for lower Tx beamforming gain and/or different UE_EIRP/UE_P values. As a guide for further discussion, for the US region, the following equation can be used to determine the maximum PUCCH bandwidth (in MHz) for given values of UE EIRP, UE_P, TxBF, CM (see details of derivation in [11]). Beyond this maximum, the conducted power cannot be increased further due to the UE limits. Note: for some reason Microsoft Equation Editor is not working on my PC, hence the handwritten formula :-).
[image: ]
For example, using the values from the ageed evaluation assumptions, i.e., UE_EIRP = 25 dBm, UE_P = 21 dBm, TxBF = 6 dBi (and assuming CM = 0), the maximum PUCCH bandwidth is 15.8 MHz. This translates to roughly 12 / 3 / 2 RBs for 120 / 480 / 960 kHz, respectively, which is in-line with the above agreement. As another example, if the UE_EIRP and UE_P limits are unchanged, but the the Tx beamforming is reduced to 4 dBi, the number of RBs increases to 18 / 5 / 2. Reducing the Tx beamforming gain further has no effect, since UE_P is limiting. 

[bookmark: _Toc62396104][bookmark: _Toc69069513]2.1.1	<1st Round Comments>
Please provide further input on the above agreement from the GTW session on 4/12. Also, please provide your view on the following questions addressing one of the FFSs in the agreement from RAN1#104-e:
Question 1: What values of NRB should be allowed within the range [1 max(NRB)]?
Question 2: Should additional values of UE Tx beamforming gain, UE EIRP limit, and UE_P limit be considered for potentially supporting larger NRB values than what has been agreed so far (12 / 3 / 2)? If so, what values should be considered? Please try to limit the number of possibilities.
	Company
	View/Position

	Moderator 
	Question 1:

Enhanced PF0/1: Like for PF2/PF3, support configuration of all integer values in the range [1 max()]
Enhanced PF4: Support all integer values in the range [1 max()] that fulfill the DFT requirement, i.e.,  where  is a set of non-negative integers.

	LG
	We share the same view with Moderator. In addition, 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).

	Qualcomm
	We think additional values of N_RB should be studied with different values of BF/EIRP/UE_P. In our simulations, we saw median BF gain around 0dBi with realistic channel estimation, and suggest to re-evaulate N_RB with Tx_BF=0dBi

	Intel
	Regarding Q1, we also share same view with the moderator
As for Q2, our suggestion is for RAN1 to consult first with RAN4 via an LS given that this aspect is very implementation dependant and our decision may have impact later on the requirements that RAN4 would be defining for above 52.6 GHz.

	vivo
	Agree with Moderator.

	CATT
	Agree with Moderator.

	Futurewei
	For Q1 relating RB granularity, support configurable NRB for each format based on RRC signaling. The allow RB values can be chosen based on the MIL results, i.e., if there is limited MIL benefit by increasing from N1 to N2, both in the range [1 max(NRB)], then consider not to keep both values but seek for coarser granularity.
For Q2, share the view of Intel that RAN1 consult RAN4 via an LS. 


	ZTE, Sanechips
	For Q1, we agree with Moderator.
For Q2, our opinion is that a larger value of maximum PRB number considering various number of beamforming gain may help, this may allow a more flexible PRB number allocation with different configuration, so we suggest to set Tx_BF = 0

	NTT DOCOMO
	We agree with Proposal 1. Also agree with the moderator’s suggestion above that all integer values between one and max number of RBs should be supported for PF 0/1 as well as PF 2/3 and only   where  should be supported to fulfilll the DFT requirement for PF4.

	OPPO
	For Q1: for 120kHz, we don’t see the necessity to have 1 PRB granularity. 
For Q2: should investigate different values of UE_P and Tx_BF

	Nokia, NSB
	We support the proposal 1. We see that all RB values in the range [1 max()] that meet the DFT requirement () are allowed for PUCCH formats 0, 1, 4, that is, similar to PUCCH Format 3.

	Samsung
	Q1: agree with Moderator 
Q2: We share the same understanding with Moderator. We calculated N_RB for each region with both UE_EIRP = 25 dBm and 40dBm, and the value is aligned with 12/3/2 PRBs for 120/480/960KHz.  Reduced Tx beamforming gain leads to new values, we may need agree on a reasonable value first, what is the typical value for Tx beamforming gain, in addtion to 6dBi ?  

	Lenovo, Motorola Mobility
	For Q1, we agree with moderator’s proposal to support all RB values between 1 and max(). Regarding Q2, as the beamforming gain has a clear impact on the required number of RBs, we suggest to consider multiple practical Tx_BF values in addition to 6dBi.

	Sony
	For Q1, we share the view of the moderator.
For Q2, realistic values of Tx beamforming gain as well as UE EIRP and conducted powers reflecting operational characteristics of different power classes should be considered.

	Huawei, HiSilicon
	We are fine with the suggestion from the Moderator.

	Apple
	Q1: We are fine with the moderator’s proposal
Q2: Yes. 
Agree with Intel and Futurewei that consulting RAN4 might be the best way forward.

	Mediatek
	Q1: We support moderator’s proposal in general, but would support a coarser granularity if the final agreed value of  turns out to be too large (particularly for 120KHz SCS).
Q2: The evaluation assumption used to derive the current  values represents a typical use case. However, we think the derivation of  should target to cover all possible use cases (i.e., all possible combinations of Tx beamforming gain, UE TRP, and UE EIRP). Agree with Intel, Futuerwei, and Apple that RAN1 could consult RAN4 on this matter.

	InterDigital
	We are fine with the proposals from Moderator.

	Spreadtrum
	Regarding Q1, we share the same view of Moderator. 
Regarding Q2, we believe it is better to send a LS to RAN4 to ask for the practical values of Tx beamforming gain. 

	WILUS
	Q1: we also share same view with the moderator.
Q2: we share the view with Intel on consulting first with RAN4 via an LS.




[bookmark: _Toc69069514]2.1.2	<Summary of 1st Round>
On Question 1, a large majority of companies support the suggestion by the moderator, but 3 companies prefer a coarser granularity. Hence the following proposal is made, and we can down select to one alternative later
Proposal 1a		Agree to the following
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()]

On Question 2, it seems more discussion is required. Some companies suggest sending an LS to RAN4 to ask what other values of UE_P and UE_EIRP should be considered. Other companies suggest considering a lower UE Tx beamforming gain (e.g., 0 dB) and then choose the maximum N_RB based on that. It seems that RAN1 could do some additional work before consulting RAN4, e.g., by performing a sensitivity analysis on the 3 parameters UE_P, UE_EIRP, and TxBF.
To that end, it should be well understood amongst companies by now that it is the US regulatory region that supports the largest number of RBs before the UE limitations on conducted power and EIRP kick in. Once these limits kick in, then it is not beneficial to increase the PUCCH bandwidth further by allocating more RBs.
As discussed above, the maximum PUCCH bandwidth (in MHz) for the US region before the UE limits kick in is given by
[image: ]
which is a function of UE_EIRP, UE_P, TxBF, and the cubic metric (CM). We can investigate different values of these parameters to see how it affects the number of RBs. As a start, using the values from the agreed evaluation assumptions (UE_EIRP = 25 dBm, TxBF = 6 dBi, and CM = 2 dB), results in the following values of N_RB as UE_P is varied between 17 and 25 dBm. N_RB is derived simply by converting the maximum PUCCH bandwidth from the above equation to number of RBs for 120, 480, and 960 kHz SCS.
[image: Chart, line chart

Description automatically generated]Values we aggreed so far, i.e., 12 / 3 / 2 PRBs


Some companies suggest to consider 0 dBi Tx beamforming gain. This results in the following. For UE_P = 21 dBm, the number of RBs we have already agreed (12 / 3 / 2) is unchanged. If the cubic metric CM is reduced to 0 dB, then the number of RBs increases to (18 / 5 / 3). 
[image: Chart, line chart

Description automatically generated]Same as the values we aggreed so far, i.e., 12 / 3 / 2 PRBs

If the UE_EIRP is increased to 40 dBm, e.g., to reflect a device with a capability for larger beamforming gains, then this results in the following. Note that with this large a value of UE_EIRP, the UE Tx beamforming gain needs to be increased to 16 dBi before any change occurs in the below graph. This is because it is the conducted power UE_P that is limiting.
[image: Chart, line chart

Description automatically generated]Same as the values we aggreed so far, i.e., 12 / 3 / 2 PRBs

Based on this analysis, the following conclusions can be drawn:
· If we stay with the current evaluation assumptions, but reduce the beamforming gain to 0 dB (assuming 2 dB CM), then 12 / 3 / 2 RBs is still sufficient
· If we increase the EIRP to 40 dBm, then the conducted power UE_P is the limiting factor for all beamforming gains up to 16 dBi, and 12 / 3 / 2 RBs is still sufficient for UE_P = 21 dBm.
· If we increase UE_P above 21 dBm, then supporting values larger than 12 / 3 / 2 could allow for larger conducted power.
· Assuming UE_P = 23 dBm conducted power would result in 18 / 5 / 3 RBs
· Assuming UE_P = 25 dBm conducted power would result in 28 / 7 / 4 RBs

Clearly, if the UE EIRP is sufficiently large, it is the UE conducted power limit (UE_P) that directly affects the number of RBs, and the UE Tx beamforming does not impact the decision.
[bookmark: _Hlk69394348][bookmark: _Hlk69394910]FL Recommendation
· On Question 1, agree to Proposal 1a in Section 2.1.2 (this section).
· On Question 2, further discuss whether/how to increase the maximum number of RBs for enhanced PUCCH beyond what has been agreed so far (12 / 3 / 2 PRBs for 120 / 480 / 960 kHz SCS, respectively).

2.1.3	<2nd Round Discussion>
Question: Which alternative do you prefer:
· Alt-1: Do not send LS to RAN4
· RAN1 selects at least 2nd set of values for {UE_EIRP, UE_P, TxBF, and CM} for determining the maximum number of RBs supported for enhanced PUCCH
· Please propose a 2nd set of values taking the above sensitivity analysis into account
· Alt-2: Send LS to RAN4
· Please propose appropriate questions to ask, taking the above sensitivity analysis into account

Please provide your company view on the above Question
	Company
	View/Position

	Moderator
	Alt-1
Suggest UE_EIRP = 40 dBm and CM = 2 dB. Further discuss what maximum value of UE_P to consider in the range 21 .. 25 dBm. TxBF value will not matter, since UE_EIRP is significantly larger than UE_P, so we can assume TxBF = 0 dB.

	LG
	We support the Alt-2. Based on the our analysis and the Moderator’s conclusions above, the maximum number of RBs is depending on the UE conducted power limit (UE_P). However, the appropriate the of values of UE_P for determining the number of RBs can not be determined in RAN1. Therefore, it is better to send LS to RAN4 for obtaining the proper values and advice.

	Huawei/HiSilicon
	Alt. 1. Presumably, these values will be in the RRC spec, thus there is no `cost´ for RAN1 to take some margin and agree on a set of fairly large values. It could also be  considered to agree on a few <spare> states, which could be used later on, if needed.

	NTT DOCOMO
	We support Alt-1. For the 2nd set of values, considering the above analysis, we think {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm} can be a candidate to consider maximum RBs potentiall required and CM can be evaluated according to the number of RB and/or sequence design of Alt-1/2.

	OPPO
	Alt-1 is prefered. We think it would be worthy to confirm if a device is always constrained by UE_P? Is it possible that only device power is only limitted by UE_EIRP? 

	ZTE, Sanechips
	We prefer Alt 1 with a 2nd set {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm} since a relatively larger maximum RB number may bring benefit to configuration flexibility. Alt 2 can be the 2nd preference if RAN1 can not reach consensus on the set of values.

	Qualcomm
	For question 1, we support proposal1a with Alt-2 preferred, as we don’t see the need to support all the values within [1, Max_RB]. A set like {1,2,4,6,12} is sufficient for PF0/1 given that power gain is usually in dB scale.

For question 2, We prefer Alt-1 with a 2nd set { UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm} to account for other possible use cases.

	vivo
	Alt-2. 

RAN1 came up and agreed a set of values last meeting. Companies evaluated to determine the maximum RB number and still there’re views saying to consider other set of assumptions. If RAN1 does not have the final say on the limit, it’s better to get them from RAN4 and decide the max RB number accordingly later in RAN1.

	Lenovo, Motorola Mobility
	We support Alt1 to select 2nd set of parameters (TxBF =0dBi, UE_EIRP = 40 dBm, UE_P=25dBm). We don’t see a need at the momnt for an LS to RAN4.

	Futurewei
	We prefer Alt1 with the {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm}. CM is RB dependent so may not be specified as a parameter in the set of values, so suggest to revise the sub-bullet 1 under bullet 1 if this is the case. 

	CATT
	Alt2.It seems very difficult to reach consensus on this issue

	Intel
	We support the Alt-2. We believe that it would be more appropriate for RAN4 to decide the minimum TxBF gain requirements, and maximum power limits, so that to avoid to decide on values which may be too losy or not practical or may also limit any future RAN4 decisions.

	Apple
	We support proposal 1a. On the specific alternative, it will depend on the whether ultimately support larger values of N_RB.

On question 2, we we support Alt 2. 

	MediaTek
	For Question 1, we support Alt-2 for proposal 1a. Coarser granularity of  is preferred particularly for 120KHz SCS. 
For Question 2, we support Alt-2. Specifically, we agree with Intel to have RAN4 decide the minimum TxBF gain, maxmimum UE_EIRP, and UE_P, so that proper upper bound on  could be defined.

	Nokia, NSB
	We support proposal 1a.
From these alternatives, we prefer Alt-1 over Alt-2, with e.g. UE_EIRP = 40 dBm and UE_P to be discussed further. 
However, Alt-1 should be clarified so that the results for the 2nd set of values for evaluations do not determine as such the maximum number of RBs supported for enhanced PUCCH, but are considered in the discussions resolving the FFS point whether or not the agreed values need to be revised to support larger values.



2.1.4	<Summary of 2nd Round>
The following agreement (corresponding to Proposal 1a) was declared by the Vice Chair over email on 4/17
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()]

Regarding Question 2, the following is a summary of company views:
· Alt-1: Do not send LS to RAN4
· Huawei/HiSilicon, OPPO, 
· {UE_EIRP = 40 dBm, UE_P = 25 dBm, TxBF = 0 dBm}
· DOCOMO, ZTE/Sanechips, Qualcomm, Lenovo/MotM, Futurewei, Ericsson
· Alt-2: Send LS to RAN4
· LGE, vivo, CATT, Intel, Apple, MediaTek

There is somewhat split support for asking RAN4 about maximum conducted power. Given that there is no consensus to send an LS, the moderator proposes the following:
Proposal 1b	Agree to the following
For addressing the FFS from the following agreement in RAN1#104bis-e,

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 

The following additional set of values are to be considered in addition to the already agreed evaluation assumptions in Table 2 and 3 in Section 2.3 of R1-2102127:
· UE_EIRP = 40 dBm
· UE_P = 25 dBm
· TxBF = 0 dBi

2.1.5	<3rd Round Comments>
Please provide your company view on Proposal 1b.
	Company
	View/Position

	
	

	
	

	
	

	
	



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: _Toc69069515]2.2.1	<1st Round Comments>
Please provide your company view on the proposed conclusion in Proposal 2:
	Company
	View/Position

	LG
	We would like to clarify the meaning of “left to Gnb implementation”. Is it the correct understanding that the misaligned RB allocation is allowed to Gnb and PUCCH format design can be affected by this?

	Qualcomm
	We agree with Moderator’s view that conclusion on this question highly depends on the sequence type. We would like to defer this aximumio until after agreement on the sequence type of PF0/1/4.

	Intel
	While, we would prefer not to support multiplexing of Ues with misaligned RBs, since we do not see the technical reason to do so, we would be OK to have the underlining assumption that a Gnb could potentially decide whether to support or not this feature.

	Vivo
	If the understanding of “left to Gnb implementation” is that multiplexing of users with misaligned RB allocations is supported without specification impact, we have concern on such conclusion as that simply implies RAN1 agrees this is not a big issue requiring standard solution. 

However, there’re not many evaluation results submitted on this issue to support such conclusion. At least from our evaluation results, the misaligned RB allocations has worse performance which deserves further discussion, so we suggest not to conclude this for now.

	CATT
	We agree there is no evident benefit of supporting multiplexing of users with misaligned RB allocations. Therefore no specification support is needed. But Gnb can still implement such configuration if it choose to.

	Futurewei
	Support aximumi’s conclusion that multiplexing of user with misaligned RB allocations should be left for the Gnb implementation.

	ZTE, Sanechips
	We support aximumi’s conclusion.
From our aximumiong, there is no benefit to allow multiplexing of users with misaligned RB number, but we don’t think we need to avoid this issue through spec restriction, Gnb can decide whether to support such configuration, the misaligned issue should not be considered for sequence type selection.

	NTT DOCOMO
	We agree with the conclusion in Proposal 2 regardless of which sequence design of Alt.1 or Alt.2 would be agreed.

	OPPO
	The benefit of supporting mis-aligned UE mux should be clarified. 

	Nokia, NSB
	We support the conclusion.

	Samsung 
	The benefit of supporting multiplexing of users with misaligned RB is for flexible resource allocation, not only for PUCCHs for different Ues with different proper numbr of PRBs (UE with different power limitation, in different geometry may have different proper number of PRBs), but also for PUCCH and PUSCH (leave more resources for PUSCH). 
Supporting multiplexing of users with misaligned RBs for PDSCH/PUSCH is already supported in LTE and NR. It would be a natural extention for PUCCH now. 
 
Regarding the standard impact, support multiplexing of users with misaligned RBs does not require aximumio effort, sequence type-2 can work properly.

We also would like to aximum the understanding for “left to Gnb implementation“. 
In our understanding, if we go with sequence type-1, the performance obviously degrades, because the orthogonality is destroyed, which is well-understood. I guess vivo’s simulation results is based on sequence type-1, worse performance for misaglined RB allocation is aligned with the understanding. Then, it seems Gnb can not support misaglined RB allocation, unless Gnb makes unwise decision. So, we don’t think it can be up to Gnb implementation, if we finally choose sequence type-1. 
But if we go with sequence type-2, the orthogonality is maintained, the performance would not degrade as sequence type-1. Gnb can choose to configure aligned or misaglined RB allocation with aximumi detection performance, and flexible resource allocation for UL transmissions, i.e. “left to Gnb implementation“ is applicable for sequence type-2. 

	Lenovo, Motorola Mobility
	We think that such discussion can be made after an agreement on the sequence type and mapping options of PF0/1/4. We also think that supporting multiplexing Ues with misaligned RBs is aximumio since different Ues may have different Tx_BF and UE_P values and hence different required number of RBs. 
Also, we would like to get clarification on what it means that it is left up to the implementation. Does it mean that it can be supported and up to Gnb if it applies it or not?

	Sony
	In our understanding, if multiplexing of users with misaligned RBs is not properly supported, then transmissions of PUCCH formats 0/1/4 in the 60 GHz unlicensed band may cost up to  times more resources compared to Rel-16. For the agreed simulation assumptions, compatible with power class 3 (PC3) handheld devices, maximum  values between 2 and 12 have been proposed. Larger maximum  values might be needed for other power classes (i.e., PC1, PC2, PC4). In any case, the net result is a waste of spectrum resources in the best case, i.e., when network load is low. When several ource-located Ues need to transmit ACK/NAK and/or SR at the same time, i.e., in high load, the network can either postpone some PUCCH transmissions, which increases latency, or multiplex users with misaligned RBs, which results in larger detection probability errors unless designed properly. (Note that it is also possible to force all Ues to use the same number of RBs; but, again, using a larger number of RBs than it is optimal for a UE increases the associated detection proability error.)

Hence, we believe that supporting the ourcencyg of users with misaligned RBs is beneficial.

	Huawei. HiSilicon
	We do not think an explicit agreement is needed on this. Obviously, the Gnb could multiplex such users if the DMRSs are made orthogonal according to Alt. 2.

	Apple
	We support the moderator’s proposal. 

	Mediatek
	We support the conclusion.

	InterDigital
	We are fine with the conclusion. 

	Spreadtrum
	We are fine with the conclusion.

	WILUS
	We are fine with this conclusion. But to make the conclusion clear, we’d better to further clarify that it does not specify anything for user-multiplexing in mis-aligned RB allocation.



[bookmark: _Toc69069516][bookmark: _Hlk69377408]2.2.2	<Summary of 1st Round>
It seems there are mixed views on this topic, and several companies have observed that there is a dependence on the sequence construction (Alt-1 vs. Alt-2).
FL Recommendation
Do not try to make a conclusion now, and further discuss this issue concurrently with the other PUCCH design issues.

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: _Toc62396102][bookmark: _Toc69069517][bookmark: _Hlk62139257]2.3.1	<1st Round Comments>
Please provide your company view Proposal 3.
	Company
	View/Position

	LG
	We support the Proposal 3.

	Qualcomm
	We support Proposal 3

	Intel 
	We are OK with the FL’s proposal, and to conclude that sub-PRB interleace could no longer be considered. As highlighted by the feature lead, Alt-2 does bring gain in some very limited scenarios. However, this comes as the cost of overcomplicating the implementation and having a large spec impact, while Alt-1 could still operate in par with it by simply spanning the PF0/1 over a slightly larger number of PRBs. 

	Vivo
	We do not support Proposal 3. 
As summarized by Moderator, there’re only three evaluation results compared full and sub-PRB mapping (Alt-1 and Alt-2 from RAN1#104-e). Note that for sub-PRB RE mapping, there’re multiple ways of RE allocations where only some of them are evaluated. We feel agreeing on only support full PRB RE mapping (Alt-1) for 120 kHz SCS based on such limited results is kind of rush for several reasons. 
For the regions with regulation limit, Alt-2 does provide gain in some regions. Furthermore, current simulation assumption only consider 1 UE. The impact of multiplexed UE on RE mapping is not known at all. As we proposed in our contribution, we think the decision of RE mapping should be made when all aspects are clear.
 

	CATT
	We support Proposal 3

	Futurewei
	Support the proposal based on majority view that N_RB contiguous RBs are mapped and sub-PRB interlaced mapping is not considered further.

	ZTE, Sanechips
	We support Proposal 3.

	NTT DOCOMO
	Agree with the Proposal 3 to ensure the consistent design across all SCSs.

	OPPO
	We don’t agree with this proposal 3.
Our observation is only partially reflected in the summary. From our simulation analysis, the sub-PRB does not have MIL loss compared with full-PRB, but it has much better spectral efficiency gain as it uses less resources. This spectral efficiency gain can also be translated to multiplexing gain. Moreover, it does not request of new sequence design. Thus, we don’t see a clear issue that sub-PRB should be precluded. 

To NTT DOCOMO’s comment: we believe that the consistent design across all SCSs is not a requirement, otherwise we would not have made previous RAN1 agreement with the FFS. The advantages of the alternatives should not be ignored. 

	Nokia, NSB
	We support the proposal 3

	Samsung 
	We support Proposal 3.

	Lenovo, Motorola Mobility
	We support Moderator’s proposal

	Sony
	Okay to support proposal 3.

	Huawei, HiSilicon
	We agree with the proposal. Sub-PRB interlacing is an optimization to increase the spectral efficiency which implies large changes to the PHY layer.
•	New DMRS sequences with fewer cyclic shifts
•	New PUCCH sequences
•	Potentially introduction of sub-PRB interlacing for the PUSCH

	Apple
	We support the moderator’s proposal

	Mediatek
	We support proposal 3.

	Vivo2
	We have some clarification questions and comments toward Ericsson’s evaluation in [11] and hope to understand their results better.

In table 8 of [11], Ericsson has the aximumion adjustment of transmit power of sub-PRB interlace allocation.
[bookmark: _Ref68171430]Table 8: Adjustments to calculate MIL for sub-PRB interlacing
	Region
	Maximum Conducted Power, Pmax (dBm)

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

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

	South Korea
	Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all subset of Res allocated per PRB):
     Pmax_PSD = 13 dBm/MHz + max(0, 10*log10(BW N_RE * N_RB * SCS)) – TxBF + PB

	Notes:
· N_RE is the number of Res mapped per RB (2 or 6), and SCS is the subcarrier spacing (in MHz).
· The power boost factor, PB (in units of Db), is due to the fact that the Res within a PRB occupy less than the 1 MHz measurement bandwidth used for the PSD regulations. The power boost factor is given by PB = 10*log10(1 / (N_RE*SCS)), which is equal to 6.2 Db, 1.4, and 2.8 Db for Case A, B, and C, respectively.
· The ”max(0, . )” expressions are relevant only  for contiguous RE mapping to make sure that allocations less than 1 MHz do not use less power than an allocation of 1 MHz. For sub-PRB interlaced mapping, this is removed since this case is handled by the power boost factor PB.



We understand it could be applied to Case A and B in [11] ( Case A: PUCCH is mapped to first 2 Res in a number of contiguous RBs. Case B: PUCCH is mapped to the first 6 Res in a number of contiguous RBs. Case C: PUCCH is mapped to every 2nd RE (Comb-2 pattern) in a number of contiguous RBs). But we’re not sure this should be the way for case C, which is the comb-2 pattern. In our understanding, the transmit power should be adjusted below for both contiguous pattern and comb pattern. We observe that the power boosting gain for case C is more than that of case B with equal RB number.
	Region
	Maximum Conducted Power, Pmax (dBm)

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

	Europe
	Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all subset of Res allocated per PRB):
     Pmax_PSD = 23 dBm/MHz + max(0, 10*log10(BW N_RE * N_RB * SCS)) – TxBF + PB = 23 dBm/MHz – TxBF + 10*log10(N_RE * N_RB/N_ref)

	South Korea
	Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all subset of Res allocated per PRB):
     Pmax_PSD = 13 dBm/MHz + max(0, 10*log10(BW N_RE * N_RB * SCS)) – TxBF + PB = 13 dBm/MHz – TxBF + 10*log10(N_RE * N_RB/N_ref)

	Notes:
· N_RE is the number of Res mapped per RB (2 or 6), and SCS is the subcarrier spacing (in MHz).
· The power boost factor, PB (in units of Db), is due to the fact that the Res within a PRB occupy less than the 1 MHz measurement bandwidth used for the PSD regulations. N_ref is the aximum number of Res in any 1MHz measurement bandwidth where N_ref is equal to 2, 6, 13/3 for case A B, and C. The power boost factor is given by PB = 10*log10(1 / (N_REN_ref*SCS)), which is equal to -6.2 Db, -1.4, and -2.8 Db for Case A, B, and C, respectively. For 10*log10(N_RE * N_RB/N_ref), it is equal to 3.0Db, 4.4Db for case B and C when N_RB = 2.
· The ”max(0, . )” expressions are relevant only  for contiguous RE mapping to make sure that allocations less than 1 MHz do not use less power than an allocation of 1 MHz. For sub-PRB interlaced mapping, this is removed since this case is handled by the power boost factor PB.



Another point, for US, the EIRP is limited to 27 dBm when bandwidth is 100MHz, for other bandwidth, the transmit power can be derived by the formula above. Our understanding is that Pmax_P = 27 dBm – max(0, 10*log10(N_100 / N_BW)) may be more approaprite, where the N_100 and N_BW is the RE number within the 100MHz bandwidth and with in PUCCH allocated bandwidth respectively.

	InterDigital
	We support the proposal. 

	Spreadtrum
	We support the proposal.

	WILUS
	We support this Proposal 3

	Moderator
	@vivo
Thank-you for spotting the typo in the way we described the adjustment of the maximum transmit power. It should be corrected as follows:
Table 8: Adjustments to calculate MIL for sub-PRB interlacing
	Region
	Maximum Conducted Power, Pmax (dBm)

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

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

	South Korea
	Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all subset of Res allocated per PRB):
     Pmax_PSD = 13 dBm/MHz + max(0, 10*log10(BW N_RE * N_RB * SCS)) – TxBF + PB

	Notes:
· N_RE is the number of Res mapped per RB (2 or 6), and SCS is the subcarrier spacing (in MHz).
· The power boost factor, PB (in units of Db), is due to the fact that the Res within a PRB occupy less than the 1 MHz measurement bandwidth used for the PSD regulations. The power boost factor is given by PB = 10*log10(1 / (N_ref N_RE*SCS)), which is equal to 6.2 Db, 1.4, and 2.8 Db for Case A, B, and C, respectively. N_ref is the number of Res within the 1 MHz measurement bandwidth. Note: For Case A and B, N_ref = N_RE.
· The ”max(0, . )” expressions are relevant only  for contiguous RE mapping to make sure that allocations less than 1 MHz do not use less power than an allocation of 1 MHz. For sub-PRB interlaced mapping, this is removed since this case is handled by the power boost factor PB.



However, this is only a typo in the way we described power boosting. We have double checked our evaluation results (MIL computation), and indeed we used the correct value of power boosting for Case C which is 2.8 Db (compared to 1.4 Db for Case B). With the above correction, if you compare your formulas to ours, they should be equivalent.

Regarding your 2nd point, we disagree with Pmax_P = 27 dBm – max(0, 10*log10(N_100 / N_BW)). The bandwidth dependent US regulation depends on the spanned bandwidth of the signal, not the occupied Res; hence it should be BW in this formula (as in the original agreed evaluation assumptions), not N_BW.

	OPPO2
	We suggest that we should analyze the pros and cons between full-PRB and sub-PRB first before simply precluding the sub-PRB due to the spec impact. Moreover, the spec changes should be analyzed too. We don’t agree with Huawei’s comment that the sequence design has to be redesign for sub-PRB. 

To us, at least for PF0 and 1, the spectral ourcency gain can be translated to multilplexing gain, which can be quite significant and the sequence and cyclic shift can remain unchanged. The details can be further discussed. 



[bookmark: _Toc69069518][bookmark: _Hlk68700925][bookmark: _Toc62396105]2.3.2	<Summary of 1st Round>
The following is a summary of company responses:
· Alt-1 (For 120/480/960 kHz SCS, all Res per PRB mapped)
· LG, Qualcomm, Intel, CATT, Futurewei, ZTE/Sanechips, NTT DOCOMO, Nokia/NSB, Samsung, Lenovo/MoM, Sony, Huawei/HiSilicon, Apple, MediaTek, Interdigital, Spreadtrum, WILUS, Ericsson
· Alt-2 (For 120 kHz SCS, sub-PRB interlace mapping; for 480/960 kHz Alt-1 mapping)
· vivo, OPPO

As listed before, the following observations on MIL are drawn from the evaluation results:
· 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.

The proponents of Alt-2 observe that sub-PRB interlacing allows for orthogonal FDM multiplexing of users. Other companies observe that user multiplexing is not a driver for selection of the RE mapping design.
Some companies observe that supporting two different RE mappings depending on SCS (Alt-2 for 120 kHz and Alt-1 for 480/960 kHz) complicates implementation.
[bookmark: _Hlk69394948]FL Recommendation
· Clearly there is large majority support for Alt-1; but consensus cannot be claimed yet
· This issue can be further discussed; however, it is not clear that company positions will change
· Recommend down selection to one alternative in this meeting.

2.3.3	<2nd Round Discussion>
Please provide further input on the above recommendation:
	Company
	View/Position

	NTT DOCOMO
	We support Alt-1. We do not see strong necessity to consider multiplexing capacity. 

	LG
	We think that Alt-1 should be adopted. The reason for using the PRB-based interlaced structure in NR-U was to boost transmission power while complying with the OCB requirement. However, in 60GHz band, the gain is limited even if the Sub-PRB interlaced mapping is used because of the large SCS, and the OCB requirement that is different from the NR-U. Therefore, the PRB and sub-PRB interlaced mapping should not be considered further for 120 kHz SCS.

	OPPO
	There is no clear arguement from the Alt-1 supporting companies about the benefit that full-PRB over sub-PRB. 
Regarding the MIL: these two alternatives have comparable performance
Regarding spectral efficiency: sub-PRB is much better than full-PRB
Regardnig the sequence design: sub-PRB can use the exsiting sequence and cyclic shift

What is the advantage for full-PRB. 
By the way, some companies say that spectral efficiency is not important. I don’t want to spend pages to debate the importance of spectral efficiency. But since decades, the spectral efficiency has been an important design factor for communication systems!

	Vivo
	We assume only the 3rd bullet is the actual FL recommendation „Recommend down selection to one alternative in this meeting“ which we disagree with.

3 contributions in this meeting compared performance between Alt-1 and Alt-2. Two sources showed gain of Alt-2 and the other ource showed no gain of Alt-2. Seems evaluations results do not matter much for the decision. Isn’t the whole point of further study that a decision at least should be based on some evaluation results when we agreed all those assumptions last meeting?

[Moderator Comment]: My read of OPPO's paper is that they showed comparable MIL performance for Alt-1 and Alt-2. Absolutely evaluations matter, but the moderator can only draw conclusions from companies that submit results.

As we commented before, the performance of RE mapping with regard to multiplexing Ues is not known and we propose to further study on this aspect. In section 2.2, FL recommended „Do not try to make a conclusion now, and further discuss this issue concurrently with the other PUCCH design issues.” W.r.t. multiplexing Ues with misaligned RB allocations. We don’t know why for this issue which is also related to multiplexing Ues is “recommend down selection to one alternative in this meeting”.  


	Lenovo, Motorola Mobility
	We support Alt-1. 

	Futurewei
	We prefer Alt-1, unless more results are collect showing gains of using sub-PRB interlacing with SCS 120kHz over full-PRB.  

	Intel 
	We support Alt-1. As stated above we do not see any clear technical benefit in supporting Alt-2, which on the other hand would overcomplicate the implementation and lead to a large spec impac.

	MediaTek
	We support Alt-1. 

	Nokia, NSB
	 We continue to support Alt-1.



2.3.4	<Summary of 2nd Round>
There is no change in company positions on Alt-1 vs. Alt-2. Still a large majority of companies do not wish to support sub-PRB interlacing. As with the decision on the two different alternatives for sequence construction for enhanced PF0/1, it seems to come down to whether or not user multiplexing should be prioritized in the design, and concerns about implementation complexity of supporting a different mapping for different SCSs.
In Section 3.1.5 and Section 4.1.3 of this summary, multiple companies have commented that user-multiplexing is not a key consideration for operation in the 52.6 – 71 GHz band due to lower coverage and narrow beams. Given this, plus the performance results on the table and the large majority of companies supporting Alt-1, Proposal 3 should be discussed further in the next GTW session.
FL Recommendation
Further discuss Proposal 3 in the upcoming GTW including whether or not user-multiplexing should be prioritized in the design of RE mapping.
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.

	LG
	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).

	
	

	
	



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: _Toc69069519]2.4.1	<1st Round Comments>
[bookmark: _Hlk68701254]While it is recommened to defer discussion on this topic, companies are still free to provide their view in the following if so desired. This can help for future discussions.
	Company
	View/Position

	LG
	We added our proposals to the above table related to the indication of N_RB. For the Proposal 4, since the regulatory requirements may differ from the region and gNB may need to adjust the number of PRB according to network configuration, the values of N_RB after the RRC connection can be configured based on the allowed values of N_RB defined in the specification for each PUCCH format/resource by the gNB (UE-dedicated RRC signalling). 
Moreover, considering that the coverage of initial PUCCH and the multi-RB PF 0/1 introduced to increase PUCCH transmission power, a number of RBs greater than 1 should be supported even for the initial PUCCH resource and the N_RB for the initial PUCCH resource can be determined based on one of the options in the Proposal 10 in our contribution [18].

	Intel
	We agree with the FL, and we beleive that this discussion could be postponed after  RAN1 concludes on 2.1.1.

	vivo
	We’re not sure what fundamental PUCCH design issues in the Moderator’s comment call for a deferral on this discussion given this is only for the indication of N_RB.
Since we have agreed the maximal RB number and with discussion in section 2.1, we should discuss the indication of the RB number without any deferral.

	 CATT
	We share similar view as vivo and we also think 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.

	Futurewei
	Support deferring the discussion until more progress is made.

	ZTE, Sanechips
	We are fine with moderator’s suggestion.

	Nokia, NSB
	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.
Some of common PUCCH resource sets prior to dedicated configuration are modified with multi-RB allocation that depends on the BWP SCS value. The resource set is indicated via pucch-ResourceCommon

	Samsung 
	Ok to defer the discussion, while we’d also like to provide some comments here. 
After RRC connection, we can simply reuse UE-dedicated RRC signaling for PUCCH configruation to configure N_RB not exceeding the agreed uper bound (to be decided in section 2.1).
Before RRC connection, how to indicate the number of PRBs by SIB1, and/or by the default table, and/or by DCI, can be discussed in section 5. 

	Lenovo, Motorola Mobility
	We agree with the Moderator to defer discussion on this topic after agreeing on the exact design of PUCCH e.g. the granularity and the maximum number of the required RBs. 

	Sony
	We are okay with the suggestion of the moderator.

	Apple
	Agree that we should defer the issue

	Mediatek
	Agree with the moderator’s suggestion.

	InterDigital
	Agree with the moderator’s suggestion. In addition, we think that detailed signaling design is a RAN2 scope. So, RAN1 can provide required maximum values and granularity and RAN2 can determine how to design the signaling. 

	Spreadtrum
	We agree with the moderator’s recommendation.

	WILUS
	We are fine with FL’s suggestion.



[bookmark: _Toc69069520]2.4.2	<Summary of 1st Round>
It seems most companies are okay to defer this discussion for now until we conclude on other basic design details.
FL Recommendation
Defer discussion on this topic until we conclude on other basic design details.
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: _Toc62396106][bookmark: _Toc69069522]3.1.1	<1st Round Comments>
Please provide further discussion on this topic accounting for the above points.
	Company
	View/Position

	LG
	As we commented before, considering that the coverage of initial PUCCH and the multi-RB PF 0/1 introduced to increase PUCCH transmission power, a number of RBs greater than 1 should be supported even for the initial PUCCH resource. In this regard, it is important to consider the CM performance of PF0/1 with N_RB=12 for 120kHz SCS and Alt-2 is observed the better CM performance than Alt-1 for N_RB=12. In addition, the Alt-2 offers more flexibility for the multiplexing and less specification impact compare to the Alt-1. Therefore, we can adopt Alt-2 as baseline and Alt-1 can be discussed further for the case the N_RB less than 10.

	Qualcomm
	We agree with LG and support Alt-2.

	Intel
	Alt-1 is preferred considering that this provides better coverage due to higher MIL and lower CM, and also would require less specification impact. As for the multiplexing flexibility that Alt.2 may bring, we also share the same view with the FL, and we do not think additional multiplexing capabilitiy is needed for a system that would highly benefit from spatial multiplexing on top of the multiplexing capability provided through cyclic shifting. 

	vivo
	Firstly, we agree with Moderator’s observation on CM impact. It truly affected MIL when it is large enough or the P_max is large enough. Secondly, we also agree with Moderator’s point on the specification impact. We see Alt 1 has less specification impact than Alt 2. Lastly, from our evaluation, it is obviously shown that the Alt 1 have better MIL than Alt 2 in most cases. So we support Alt 1.
On the proposal 4 from Moderator to further discuss, we’d like to understand what else should be discussed given all the points made in the contributions and the clear criteria for down-selection as reflected in the agreed simulation assumptions from last meeting.

	 Futurewei
	Support Alt-1, a single long sequence for PUCCH, unless there are enough evidences in some later stage proving flexible multiplexing is needed for the 52.6 – 71 GHz band.

	ZTE, Sanechips
	We support Alt 1. From the figure of CM calculation, we could find that the CM of Alt 1 is quite stable for various PRB numbers, but for Alt 2, only in a range of values around 15 RPBs, it can achieve better CM performance. So from the perspective of flexible PRB allocation, Alt 1 would be a better choice. 

	NTT DOCOMO
	As metioned above moderator’s summary, the motivation of additional user multiplexing is not clear for 52.6 to 71 GHz operation since the beam would be narrower and the user multiplexing opportunity would not increase. So we don’t see the need of additional user multiplexing. In addition, in terms of specification impact, we think there is no big difference between Alt-1 and Alt-2, moreover, Alt-1 is better in that it can use the existing design not only for PF0/1 but for DMRS of PF4. Thus, we support Alt.1 which can achieve better CM performance at least from 2 to 10 RBs.

	OPPO
	Support Alt-1. In our simulation results, we don’t see advantage of Alt-2.

	Nokia, NSB
	We prefer slightly Alt1 and agree with the above arguments made by the Moderator.

	Samsung
	We support Alt-2. We share the same view with LG and QC. 

	Lenovo, Motorola Mobility
	We support both Alt 1 and Alt 2, where both can be used separately as well as in combination. However, we prefer Alt1 if down selection of one option is strived.
Alt 1 has better MIL and hence better coverage shown by our simulation and other companies simulations, and we don’t think that adopting Alt1 with Rel15 sequence types will lead to a specification impact larger than Alt2. Furthermore, we think in order to make a tarade-off between the coverage gain and multiplexig gain, a combination of both Alt1/Alt2 could be considered. For example a long sequence is used over block of RBs and this block of RBs is repeated in frequency.

	Sony
	We have a similar view to LG and support Alt-2.

	Huawei, HiSilicon
	We agree that only one alternative should be selected, preferably Alt. 2.

	Apple
	From the latest agreement, the current values of N_RB are lower than 12. For N_RB = 1,…, 9 10, the CM for Alt-1 is less than or equal to that for Alt-2 while for N_RB ≥10, it is about 0.5 dB more. Also, the CM for Alt-1 is relatively stable. Based on these values and the associated MIL, we slightly prefer Alt-1.

	Mediatek
	We support Alt-1. Our evaluation shows that Alt-1 outperforms Alt-2 in terms of PAPR for most values of . Furthermore, when interference from neighbour cells is considered, Alt-1 would provide better detection performance due to better cross correlation property.

	InterDigital
	We support Alt-1 as most of evalutations show that Alt-1 outperforms Alt-2.

	Spreadtrum
	We share the same view as LG and support Alt-2.

	WILUS
	We support Alt-2. We share the same view with LG and QC.




[bookmark: _Toc62396108][bookmark: _Toc69069523]3.1.2	<Summary of 1st Round>
The following is a summary of company responses:
· Alt-1 (single long sequence)
· Intel, vivo, Futurewei, ZTE/Sanechips, NTT DOCOMO, OPPO, Nokia/NSB, Apple, Mediatek, Interdigital, Ericsson
· Alt-2 (repeated sequence with cyclic shift cycling)
· LG, Qualcomm, Samsung, Sony, Huawei/HiSilicon, Spreadtrum, WILUS
· Alt-1 + Alt-2
· LG, Lenovo/MoM 

Proponents of Alt-1 argue that
· The PAPR/CM over most of N_RB range from 2 .. 12 is lower than for Alt-2, and Alt-1 achieves a stable value of ~2 dB
· Better MIL performance than Alt-2
· Common design with PF3 and PF4 DMRS
· Lower spec impact than Alt-2
· Optimizing for user multiplexing is not needed

Proponents of Alt-2 argue that
· The PAPR/CM for N_RB = 11 and 12, is better than for Alt-1
· Common design with PF0/1 when interlacing configured
· Lower spec impact than Alt-1
· Better potential for multiplexing users with misaligned PUCCH resources

[bookmark: _Hlk69394970]FL Recommendation
· There is split support for Alt-1/2, but a clear majority for Alt-1
· This issue can be further discussed; it seems that the discussion point is MIL performance vs. user multiplexing
· Recommend down selection to one alternative in this meeting.

3.1.3	<2nd Round Comments>
Please provide further input, especially on the tradeoff between MIL performance vs. user multiplexing
	Company
	View/Position

	LG
	Regardless of the number of RBs, Alt-2 is better than Alt-1 in terms of user multiplexing. Therefore, Alt-2 should be considered as baseline at least considering UE multiplexing gain and the case when multi-RB (e.g., N_RB=12) is adopted for initial pUCCH resource in 120kHz SCS.

	Huawei, HiSilicon
	We would have issues with adopting a combination of both alternatives. Either, the the MIL is prioritized or the multiplexing capability. Once RAN1 has decided which, the adopted alternative should follow straightforwardly.

	NTT DOCOMO
	In our view, additional user multiplexing capability argued for Alt-2 is not needed in 52.6 – 71 GHz considering the use of narrower beam which will accommodate limited number of UEs. However, it seems that CM performances would depend on the number of RBs, so we think it should be down selected after determing section 2.1 (i.e., how many RBs can be allocated).

	ZTE, Sanechips
	We should focus on MIL performance rather than user multiplexing when we decide on the sequence of PUCCH. Considering that the MIL performance varies with PRB number, and Alt 1 is always stable in a range of relative small values with various PRB number, we prefer Alt 1.

	Qualcomm
	We want to point out that, for N_RB between 2 and 8, in US region, P_tx is limited by PUCCH BW, instead of P_EIRP-TxBF(19dBm) or UE_P-CM (21-CM). In fact, for RB up to 8, P_max is 7+10*log10(BW)<=17.21dBm, so as long as CM<3.7 (which is the case for RB<=10) based on Fig3 of [13], CM doesnt play a role here. For RB between 9 and 12, Alt-1 doesnt have advantage in term of MIL/coverage.

In summary, for the agreed Max_RB=12, Alt-2 does not have loss in term of MIL vs Alt-1. 

Note that for UE multiplexing possibly with mis-aligned RBs, while it is reasonable to assume it is gNB implementaiton, Alt-2 offers flexility/performance gain over Alt-1 if gNB decides to do so. Alt-1 discourages gNB to do so.

Also note for initial BWP, when common PUCCH PF0 is assigned multi-RBs (to be discussed later), it does increase the possiblity for UE to multiplex on top of each other. Again, Alt-2 offer better flexibility for the multiplexing.

	vivo
	Our perference is still Alt-1.

We’re open to further study on the aspect of UE multiplexing on sequence. We suggest to agree some additional assumptions to evaluate UE multiplexing impact.

	Lenovo, Motorola Mobility
	According to different companies, both alternatives have pros and cons, e.g.  MIL vs. multiplexing gain, complexity or Spec. Impact etc. Although, we slightly prefer Alt1 due to its better coverage, however, if we couldn’t identify whether the MIL or the mux gain is of the highest priority, a combination of both alternatives may benefit the system flexibility to achieve a trade-off between coverage and multiplexing gain.

	Futurewei
	Support Alt-1 long-sequence if MIL is the main concern. While the discussion on user multiplexing only begins since this meeting, it is suggested that first to agree if for B52 multiplexing capacity is still an important factor given the the narrow beam that can only accommodate limited number of UEs, before this proposal is closed.  

	CATT
	We think user multiplexing capability should be deprioritized.

	Intel
	Support Alt-1. We agree with Futurewei, and we would prefer to first agree or conclude on the merit/necessity of enhancing multiplexing capability for above 52.6 GHz. We believe that this is a key point and argument for many other proposals.

	Apple
	We support Alt-1. As at now, the metrics that have been decided are MIL and CM and based on these two, Alt-1 is preferrable for most of the maximu N_RBs that have been decided.

We are open to further study but RAN1 would need to (a) add multiplexing gain as a selection metric. Note that the narrower beams will with high probability have fewer UEs and coupled with the larger BWs available in this band, not require as much user multiplexing to serve all the UEs in the beam. (b) decide on a need to increase the maximum N_RB > 12. 

We would prefer not to have to implement both.

	MediaTek
	We support Alt-1. We think coverage is more important than UE multiplexing capability for above 52.6GHz. Furthermore, Alt-2 has worse cross correlation property compared to Alt-1. With Alt-2, UEs on the cell edge are more likely to degrade the UL performance of the neighboring cells (for both detection rate and false alarm rate).

	Nokia, NSB
	We share DOCOMO’s view that there is no need for additional user multiplexing capability given the use of beams. Hence we emphasize MIL performance more and support Alt-1. 



3.1.4	<Summary of 2nd Round>
Company views have not shifted, and the point of divergence is still whether or not user multiplexing should be prioritized over MIL performance. 
· Alt-1 (single long sequence)
· Intel, vivo, Futurewei, ZTE/Sanechips, NTT DOCOMO, OPPO, Nokia/NSB, Apple, Mediatek, Interdigital, Ericsson, Lenovo/MoM, CATT(?)
· Alt-2 (repeated sequence with cyclic shift cycling)
· LG, Qualcomm, Samsung, Sony, Huawei/HiSilicon, Spreadtrum, WILUS
· Alt-1 + Alt-2
· LG, Lenovo/MoM 

FL Recommendation
Further discuss Alt-1 vs. Alt-2 in the upcoming GTW including whether or not user-multiplexing should be prioritized.

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: _Toc62396109][bookmark: _Toc69069524]3.2.1	<1st Round Comments>
Please provide your company view Proposal 5.
	Company
	View/Position

	LG
	We support the Proposal 5 and the typo “of of” in the proposal should be fixed.

	Qualcomm
	We support Proposal 5.

	Intel
	Due to similar observations and considerations made in Sec. 3.1.1, we are OK with the FL’s proposal. 

	vivo
	We agree with proposal 5.

	CATT
	Agree with proposal 5

	Futurewei
	For DMRS of enhanced PF4, support using low PAPR sequence of length equal to the total number of mapped REs of the PUCCH resource is used, unless there are enough evidences in some later stage proving flexible multiplexing is needed for the 52.6 – 71 GHz band.
However, as tried to clarify during the GTW, there are inherent connections between phase noise and channel estimation for B52, such that PUCCH detection/MIL can be affected even if the MCS value is low, especially for the formats that rely on DMRS. Therefore, it could be beneficial to keep further simulation open in case any of the proposal/agreement is subject to changes taking into this physical constraint.  

	ZTE, Sanechips
	We support Proposal 5.

	NTT DOCOMO
	We support the Proposal 5.

	OPPO
	support

	Nokia, NSB
	We support the proposal 5

	Samsung 
	We’re like to piont out, for PF4, UE multiplexing with misaglined RB can be supported by exsiting structure for UCI part (pre-DFT over multiple PRBs), but DMRS part should use short sequence as PF 0/1. 
If all companies think the multiplexing for PF 4 is much more limited than PF 0/1 (I would agree), then, no need to support UE multiplexing with misaglined RB for PF4, so no modification compared with Rel-16 NR-U PF3, it would be fine to proposal 5.

	Lenovo, Motorola Mobility
	Agree with the proposal

	Sony
	We can support Proposal 5 if that is all other companies’s view.

	Huawei, HiSilicon
	Similar as for PF0/1, only one of the alternatives should be selected.

We are fine to go with a majority view, as long as it means that only one of the alternatives will be adopted.

	Apple
	We support the proposal

	Mediatek
	We support the proposal

	InterDigital
	We support the proposal. 

	Spreadtrum
	We support the proposal.

	WILUS
	We are ok to go with proposal 5 if a majority of companies supports this propsosal.



[bookmark: _Toc62396110][bookmark: _Toc69069525]3.2.2	<Summary of 1st Round>
The following is a summary of company responses:
· Alt-1 (single long sequence)
· LG, Qualcomm, Intel, vivo, CATT, Futurewei, ZTE/Sanechips, NTT DOCOMO, OPPO, Nokia/NSB, Samsung (?), Lenovo/MoM, Sony, Apple, MediaTek, Interdigital, Spreadtrum, WILUS, Ericsson
· Alt-2 (repeated sequence with cyclic shift cycling)

It appears as though there is consensus to support Proposal 5; however, Huawei/HiSilicon's position is a bit unclear. Is Huawei willing to support Proposal 5?
[bookmark: _Hlk69394985]FL Recommendation
Agree to Proposal 5 in Section 3.2.

The following agreement (corresponding to Proposal 5) was declared by the Vice Chair over email on 4/17
Agreement:
For DMRS of enhanced PF4, a Type-1 low PAPR sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4 (Alt-1 in agreement from RAN1#104-e).
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: _Toc69069527][bookmark: _Toc62396111]4.1.1	<1st Round Comments>
Please provide your company view Proposal 6.
	Company
	Company Proposals

	LG
	We support the Proposal 6.

	Qualcomm
	We support the Proposal 6.

	Intel
	If the group converges that multiplexing enhcements are not needed, and the spatial multiplexing provides enough flexibility, we would be OK with the FL’s proposal as long as this is captured as a conclusion.

	Vivo
	We agree with proposal 6.

	CATT
	Agree with proposal 6.

	Futurewei
	Support proposal 6. While as proposal 4-6 all somewhat rely on the observation from several companies that additional multiplexing is not needed for the 52.6 – 71 GHz band, it seems necessary to make sure this prerequisite is valid though more inputs.

	ZTE, Sanechips
	We support the Proposal 6.

	NTT DOCOMO
	We support the Proposal 6.

	Nokia, NSB
	We support the proposal 6.

	Lenovo, Motorola Mobility
	We support Moderator’s proposal

	Huawei, HiSilicon
	We are generally fine with the proposal. If, however, a length 6 OCC is introduced, it should be a DFT sequence to maintain the IFDMA property for orthogonality.

	Apple
	We are fine with the proposal. 

Although we do support an optional OCC length > 4, there may need to be some non-straightforward specification changes. OCC 6 will need to be specially designe as highlighted by Huawei and OCC > 6 does not fit within 12 Res similat to OCC 2 or OCC  4.

	Mediatek
	We support moderator’s proposal.

	InterDigital
	We are fine with the proposal. 

	Spreadtrum
	We support the proposal.

	WILUS
	We support the Proposal 6.



[bookmark: _Toc69069528]4.1.2	<Summary of 1st Round>
There appears to be consensus to support Proposal 6.

In addition two companies have suggested to try to capture a conclusion regarding whether or not user multiplexing is a key consideration in for PUCCH in the 52.6 – 71 GHz band. Perhaps this can be separately discussed.

[bookmark: _Hlk69395002]FL Recommendation
· Agree to Proposal 6 in Section 4.1
· Further discuss whether or not user multiplexing is a key driver for PUCCH design

The following agreement (corresponding to Proposal 6) was declared by the Vice Chair over email on 4/17
Agreement:
For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 only, as in Rel-15/16.

4.1.3	< 2nd Round Discussion >
Question: Is user multiplexing is a key driver for PUCCH design in the 52.6 – 71 GHz band? If so, under what circumstances is it important?
	Company
	View/Position

	ZTE, Sanechips
	Current design with OCC-4 is enough. 

	Qualcomm
	As we stated before, we dont see a need to support additional OCC length for PF4. However, we still think design should allow gNB to multiplex UE together if gNB decides to do so.

	vivo
	We’re not sure how to interpret „key driver“. We do think UE multiplexing is one aspect of PUCCH design though.

	Futurewei
	Support no more than length-4 for OCC. 

	Intel
	As mentioned above, our view is that we do not think additional multiplexing capabilitiy is needed for a system that would highly benefit from spatial multiplexing on top of the multiplexing capability provided through cyclic shifting.

	Apple
	As mentioned earlier the narrower beams will with high probability have fewer UEs and coupled with the larger BWs available in this band, not require as much user multiplexing to serve all the UEs in the beam. 

	MediaTek
	Agree with ZTE that OCC-4 is enough

	Nokia, NSB
	 Given the beam based operation with narrower beams than on lower bands, we do not see user multiplexing as a key driver for PUCCH design.




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: _Toc69069529]4.2.1	<1st Round Comments>
Please provide your company view on Proposal 7.
	Company
	View/Position

	LG
	We Support Proposal 7.

	Qualcomm
	We support the Proposal 7

	Intel
	We are Ok with the FL’s proposal.

	vivo
	We agree with proposal 7.

	CATT
	Agree with proposal 7

	Futurewei
	Support proposal 7. 

	ZTE, Sanechips
	We support Proposal 7.

	NTT DOCOMO
	We support the Proposal 7.

	Nokia, NSB
	We support the proposal 7.

	Samsung 
	We support proposal 7.

	Lenovo, Motorola Mobility
	We support Moderator’s proposal 7.

	Huawei, HiSilicon
	The decision should be taken after the DMRS sequence design, since pre-DFT blockwise spreading per RB makes more sense for Alt. 2 (sequence repetition with phase ramp).

If Proposal 5 is agreed, then will follow the majority view on Proposal 7.

	Apple
	We support the moderator’s proposal

	Mediatek
	We support the proposal.

	InterDigital
	We are fine with the proposal. 

	Spreadtrum
	We support the proposal.

	WILUS
	We support the proposal 7.




[bookmark: _Toc69069530][bookmark: _Toc62396112]4.2.2	<Summary of 1st Round>
All but one company support agreeing to Proposal 7. Huawei suggests that whether or not Proposal 5 in Section 3.2 is agreed should be discussed first. However, there is almost consensus on Proposal 5, aside from a needed clarification from Huawei. Is Huawei willing to support both Proposal 5 and Proposal 7?
[bookmark: _Hlk69395012]FL Recommendation
Agree to Proposal 7 in Section 4.2

The following agreement (corresponding to Proposal 7) was declared by the Vice Chair over email on 4/17
Agreement:
For UCI of enhanced PF4, support pre-DFT blockwise spreading performed across all allocated RBs (Alt-1 in agreement from RAN1#104-e).
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.



[bookmark: _Toc62396113][bookmark: _Toc69069531]5.1	<1st Round Comments>
While it is still recommened to defer discussion on this topic, companies are still free to provide their view in the following if so desired. This can help for future discussions.
	Company
	View/Position

	LG
	Considering that the coverage of initial PUCCH and the multi-RB PF 0/1 introduced to increase PUCCH transmission power, a number of RBs greater than 1 should be supported even for the initial PUCCH resource and the N_RB for the initial PUCCH resource can be determined based on one of the options in our Proposal 10.

	Intel
	We are OK to postpone this discussion. However, we think that some further enchement may be needed give that when PUCCH format 0 and 1 span across a number of PRBs larger than 1, for some numerologies (i.e., subcarrier spacing and bandwidth), and some of the NR PUCCH resources sets, the total number of PRBs used for the transmission of a PUCCH is so large that the PUCCH resource partitioning in frequency domain is no longer possible. 

	ZTE, Sanechips
	We are fine to postpone this discussion.

	Samsung
	OK to postpone this discussion. However, maybe we can list some factors to be considered, and companies can provide their views in next meeting, e.g. 
· Regional regulation 
· SCS
· UE specific factors, e.g. UE_EIRP, Geometry, 
· PUCCH capacity shortage due to large number of PRBs,
...

	Lenovo, Motorola Mobility
	We are OK with postponing the discussion

	Apple
	We are fine with postponing this discussion

	InterDigital
	We are fine with the Moderator’s suggestion. 

	WILUS
	We are fine with the FL’s suggestion. 



[bookmark: _Toc69069532][bookmark: _Toc62396114][bookmark: _Toc5100812][bookmark: _Toc8247956][bookmark: _Toc1970570][bookmark: _Toc17755492][bookmark: _Toc8398224][bookmark: _Toc5596374][bookmark: _Toc5596060][bookmark: _Toc535588825]5.2	<Summary of 1st Round>
It seems most companies are okay to defer this discussion for now until we conclude on other basic design details.
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