[bookmark: _GoBack]3GPP TSG RAN WG1#104bis-e	        	R1-2103296
E-meeting, 12 – 20 April 2021

Agenda Item:					    8.2.3
Source:	Sony
Title:	Considerations on enhancements for PUCCH formats 0/1/4
Document for:	Discussion and decision

[bookmark: _Ref61639634]
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The following agreements were made during RAN1#103-e meeting [1], [2]:

Agreement
Tables 1, 2, and 3 in Section 2.3 of R1-2102127 are agreed as a common set of assumptions for link level simulations and link budget calculations for evaluating enhancements to PUCCH formats 0/1/4 
Note: Other parameters can be additionally considered in the evaluations
Agreement
For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120/480/960 kHz SCS, support allocation of N_RB contiguous RBs
· FFS: Values of N_RB for each SCS
· For 480/960 kHz SCS, all REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· For 120 kHz SCS, further discuss the following two alternatives:
· Alt-1: All REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· Alt-2: Subset of REs within each RB are mapped (sub-PRB interlaced mapping)
Agreement
· The configured number of RBs for enhanced PF 0/1/4 is denoted NRB
· The minimum value of NRB is 1 for PF 0/1/4 for all subcarrier spacings
· The maximum value of NRB depends on subcarrier spacing
· FFS: maximum value for each SCS and each of PF0/1/4
· FFS: Allowed values of NRB within the [min/max] range
· FFS: Details of indication of NRB by cell-specific (for PF0/1) and dedicated signaling (PF0/1/4)
· FFS: Whether or not multiplexing of users with misaligned RB allocations is supported, where "misaligned" also includes users with different # of RBs.
· For PF4:
· The actual number of RBs used for a PUCCH transmission is equal to NRB, i.e., the actual number of RBs does not vary dynamically based on PUCCH payload
· NRB fulfils the following:  where  is a set of non-negative integers
· Note: if frequency hopping is enabled, NRB is the number of RBs per hop
· Note: decisions on the maximum value of NRB for each SCS and PUCCH format shall take into account link budgets based at least on the agreed evaluation assumptions

Agreement
· For enhanced PF0/1, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives:
· Alt-1: A single sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· Alt-2: A single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact	
Agreement:
· For DMRS of enhanced PF4, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives for sequence construction:
· Alt-1: A single sequence of length equal to the total number of mapped Res of of the PUCCH resource is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4.
· Alt-2: A single sequence of length equal to the number of mapped Res per PRB of the PUCCH resource is used, and the sequence is repeated in each PRB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact

Agreement:
· For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 as defined for Rel-16 PF4
· Further study the following and decide in RAN1#104-b:
· Whether or not additional OCC lengths are supported
· Down-select to one of the following alternatives for blockwise spreading
· Alt-1: Blockwise spreading is performed across all allocated RBs
· Alt-2: Blockwise spreading and DFT is performed per-RB followed by per-RB PAPR/CM reduction mechanism.
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact

In this contribution, we study some of the above agreements and provide our views on enhancements for PUCCH formats 0/1/4 for Rel-17.

Discussion
On the number of resource blocks
Regulatory limits to the maximum PSD of user equipments operating in the 60 GHz unlicensed band call for enhancements to PUCCH formats 0/1/4. A summary of the applicable EIRP and PSD requirements can be found in [2, Table 3], reproduced below, for various regions of interest. 
[bookmark: _Ref68553151]Table 1. Regulatory Power Limits by Region [2, Table 3].
	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



The maximum conducted powers allowed in Europe (EU), US (US) and South Korea (KO, KO2; the latter is applicable in the proximity of astronomical antennas) have been plotted in Figure 1a as a function of the occupied channel bandwidth, for power class 3 (PC3) handheld devices. In the plots, a realized array gain  dBi, a total conducted power per polarization  dBm and a polarization gain of  dB have been assumed. These values were adopted for the n262 47 GHz band [3] and are herein assumed representative for the 60 GHz unlicensed band[footnoteRef:2]. [2:  In fact, the array gain is likely to be higher compared to 47 GHz as more elements would be needed for 60 GHz. On the other hand, the conducted power per element per polarization is likely to be lower, although total power might be the same if ones assumes the number of PA would increase with the number of antenna elements.
] 
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[bookmark: _Ref68546903]Figure 1. Maximum conducted power as per regulatory limits (solid) and UE implementation for PC3 handheld devices (dashed) (a); occupied channel bandwidth as a function of the PF0/1/4 allocation size, , for various sub-carriers spacings (b).

It can be readily seen that the size of the channel bandwidth required to reach the maximum conducted power permitted by the UE implementation depends strongly on the region. Required allocation sizes,  are summarized in Table 2.

[bookmark: _Ref68553164]Table 2. Maximum allocation sizes, , for PF0/1/4 in number of resource blocks.
	
	960 KHz
	480 KHz
	120 KHz

	Europe
	1
	1
	2

	US
	2
	3
	9

	South Korea
	3
	5
	18 / 20[footnoteRef:3] [3:  Further/closer than  m to an astronomical antenna.] 





Observation 1. The required maximum value of  depends on the sub-carrier spacing and on the region. Values of  might be needed.

Moreover, the actual configured values of  depend as well on the target EIRP, which might be different for different UEs. Since using too large configured values of  leads to increased noise power at the receiver, it follows that multiplexing of UEs with different configured values of  needs to be supported.

Observation 2. To limit the amount of noise power at the receiver and given that different UEs may have different target EIRPs, it appears that multiplexing of UEs with different configured values of  is required for enhanced PF0/1/4.

Proposal 1: Support multiplexing of UEs with different configured values of  is required for enhanced PF0/1/4.
On Type-1 low-PAPR sequences for enhanced PF0/1
During RAN1#104-e, two ways of extending Type-1 low PAPR sequences to multiple RBs were considered for enhanced PF0/1.
· Alt-1: A single sequence of length , i.e., the number of mapped REs of the PUCCH allocation, is used. 
· Alt-2: A base sequence of length  REs is used, and the sequence is repeated  times. For PAPR/CM reduction, cycling of cyclic shifts across RBs like Rel-16 for PF0/1 with useInterlacePUCCH-PUSCH configured can be used.

The main advantage of Alt-1 over Alt-2 is a smaller PAPR/CM. However, if cyclic shifts are cycled across RBs, the PAPR/CM gap between the two alternatives can be reduced significantly. On the other hand, because cycled versions of the base sequence can be made mutually orthogonal, Alt-2 has a greater potential to preserve the orthogonality of enhanced PF0/1 sequences corresponding to different configured values of , compared to Alt-1. The reason is that sequences designed according to Alt-1 are mutually orthogonal if they are of the same length. In general, Alt-1 sequences of different lengths are not mutually orthogonal. This is illustrated in Figure 2.

[image: ]
[bookmark: _Ref68596608]Figure 2. Sequences of same length are mutually orthogonal, but sequences of different lengths are not (left); since sequences contained in the shadowed boxes can be made mutually orthogonal, sequences of different lengths are also orthogonal (right).

If a base sequence of length REs is used, up to  orthogonal cyclic shifts can be obtained. Hence, the length of the base sequence imposes a limit to the number of UEs that can be efficiently multiplexed, i.e., the UE multiplexing gain. In some situations, however, it might be desirable to multiplex more than  UEs. To obtain this flexibility, the minimum configured value of  can be set to . If configured values of  are always multiples of , then UE multiplexing gains of up to  can be obtained. We make the following observation and proposal:

Observation 3. For enhanced PF0/1, configured values of  can be integer multiples of , where  is the minimum configured value of . The parameter  can be selected depending on the target UE multiplexing gain. In general, larger values of  enable larger UE multiplexing gains.

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 .

Type-1 low-PAPR sequences for DMRS of enhanced PF4
During RAN1#104-e, two ways of extending Type-1 low PAPR sequences to multiple RBs were considered for DMRS of enhanced PF4.
· Alt-1 A single sequence of length equal to the number of mapped REs of the PUCCH allocation is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4.
· Alt-2: A base sequence of length  REs is used, and the sequence is repeated  times. For PAPR/CM reduction, cycling of cyclic shifts across RBs like Rel-16 for PF0/1 with useInterlacePUCCH-PUSCH configured can be used.

As companies are encouraged to down-select one of these two alternatives, and as Alt-2 has been explained above to have greater potential to enable efficient multiplexing of UEs for PF0/1, we make the following proposal.

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

[bookmark: _Hlk47387515]Conclusions
This document considered enhancements to Rel-17 for PUCCH formats 0/1/4. The following observations and proposals have been made:

Observation 1. The required maximum value of  depends on the sub-carrier spacing and on the region. Values of  might be needed.
Observation 2. To limit the amount of noise power at the receiver and given that different UEs may have different target EIRPs, it appears that multiplexing of UEs with different configured values of  is required for enhanced PF0/1/4.
Observation 3. For enhanced PF0/1, configured values of  can be integer multiples of , where  is the minimum configured value of . The parameter  can be selected depending on the target UE multiplexing gain. In general, larger values of  enable larger UE multiplexing gains.

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