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Introduction
In RAN#104-e meeting, RAN1 started WI for 52.6 ~ 71GHz and the following agreements have been made regarding PUCCH enhancement [1]:
	[bookmark: _Hlk63407597]Agreement:
Tables 1, 2, and 3 in Section 2.3 of R1-2102127 are agreed as a common set of assumptions for link level simulations and link budget calculations for evaluating enhancements to PUCCH formats 0/1/4
Note: Other parameters can be additionally considered in the evaluations
Agreement:
For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120/480/960 kHz SCS, support allocation of N_RB contiguous RBs
· FFS: Values of N_RB for each SCS
· For 480/960 kHz SCS, all REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· For 120 kHz SCS, further discuss the following two alternatives:
· Alt-1: All REs within each RB are mapped
· Note: PRB and sub-PRB interlaced mapping is not considered further
· Alt-2: Subset of REs within each RB are mapped (sub-PRB interlaced mapping)

Agreement:
· The configured number of RBs for enhanced PF 0/1/4 is denoted NRB
· The minimum value of NRB is 1 for PF 0/1/4 for all subcarrier spacings
· The maximum value of NRB depends on subcarrier spacing
· FFS: maximum value for each SCS and each of PF0/1/4
· FFS: Allowed values of NRB within the [min/max] range
· FFS: Details of indication of NRB by cell-specific (for PF0/1) and dedicated signaling (PF0/1/4)
· FFS: Whether or not multiplexing of users with misaligned RB allocations is supported, where "misaligned" also includes users with different # of RBs.
· For PF4:
· The actual number of RBs used for a PUCCH transmission is equal to NRB, i.e., the actual number of RBs does not vary dynamically based on PUCCH payload
· NRB fulfils the following:  where  is a set of non-negative integers
· Note: if frequency hopping is enabled, NRB is the number of RBs per hop
· Note: decisions on the maximum value of NRB for each SCS and PUCCH format shall take into account link budgets based at least on the agreed evaluation assumptions
Agreement:
· For enhanced PF0/1, support Alt-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 Alt-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


This contribution provides evaluation results for PF 0/1/4 with multiple PRBs for different candidate sequence, and discuss potential enhancement for PUCCH format 0/1/4.
Discussion

In last meeting, RAN1 agreed that PRB and sub-PRB interlace mapping for 480/960KHz is not considered, while it is FFS for 120KHz. Sub-PRB interlace for 120 KHz can achieve maximum P_TX by using only some of REs per PRB, while full-PRB allocation achieves same P_TX with occupying all REs of  the same number of PRBs, thus, the sub-PRB interlace seems better for resource efficiency for small UCI payload, e.g. 1 or 2 bits for PUCCH format 0/1. However, the saved REs within each PRB can not be utilized for other UL transmission, e.g. PUSCH or PRACH, thus it barely improve the overall resource efficiency. On the other hand, large standard effort for sub-PRB interlace is expected, e.g. proper number of REs per PRB, DMRS pattern, UE multiplexing, etc. Therefore, sub-PRB interlace for 120 KHz is undesirable, a unified solution based on full-PRB for 120/480/960KHz is sufficient. 
Proposal 1: Support unified solution for enhanced PUCCH format 0/1/4 based on contiguous multi-full PRB allocation for 120/480/960KHz. 
1 
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In last meeting, RAN1 discussed factors to determine maximum transmission power.
P_TX = min (Pmax, UE_EIRP – TxBF, UE_P – Backoff)                                         (1)
Pmax varies with PUCCH bandwidth according to different regional regulation, Backoff varies with the number of PRBs and sequence types (long sequence or short sequence with repetition), and UE_EIRP can be different for different UE types (25 or 40dBm). Table 1 provides P_TX for each region and corresponding PUCCH bandwidth with UE_EIRP =25 dBm and UE_EIRP = 40dBm respectively.
Table 1 P_TX and PUCCH BW to achieve P_Tx
	EIRP=25dBm
	US
	Europe
	South Korea with an equipment is >=300m or < 300m from an astronomical antenna

	P_TX (dB)
	Alt-1 sequence
	18.7[1]
	19
	18.7[1]

	
	Alt-2 sequence
	19
	18.6[2]
	19

	Bandwidth (MHz)
Number of PRBs (120KHz)
	Alt-1 sequence
	15.8
11 PRB
	2.9
2 PRB
	15.8
11 PRB

	
	Alt-2 sequence
	15.8
11 PRB
	1.44
1 PRB
	15.8
11 PRB

	EIRP=40dBm
	US
	Europe
	South Korea with an equipment is >=300m or < 300m from an astronomical antenna

	P_TX (dB)
	Alt-1 sequence
	18.9[1]
	20.2
	18.9[1]

	
	Alt-2 sequence
	19.5[3]
	18.6[2]
	19.9[3]

	Bandwidth (MHz)
Number of PRBs (120KHz)
	Alt-1 sequence
	17.3
12 PRB
	2.9
2 PRB
	17.3
12 PRB

	
	Alt-2 sequence
	17.3
12 PRB
	1.44
1 PRB
	17.3
12 PRB


[1] P_TX = 18.9 can be achieved by 12 PRBs.
[2] P_TX = 19 can be achieved by 14.4MHz PUCCH BW. Considering the resource efficiency would be much lower to compensate 0.4 dB transmission gap, 1 PRB transmission (1.44MHz) is used in the table.
[3] P_TX = 19.9 can be achieved by 13 PRBs 

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. 

The candidate number of PRBs above can be the reference for the candidate maximum number of PRBs. The final decision of candidate maximum number of PRBs should also take PUCCH detection performance and resource efficiency into account. 
Table 2 and Table 3 provide PUCCH performance in terms of maximum isotropic loss (MIL) for PUCCH format 0/1 with single UE transmission based on the agreed simulation assumption in last meeting [2]. 
Table 2  MIL for PUCCH format 0 (1 bit with 2-symbol duration)
	
	SCS =120, PRB=11
	SCS =120, PRB=12
	SCS =480, PRB=3
	SCS =960, PRB=2

	5us delay spread
for Alt-1 sequence
	148.3
	148.4
	143.5
	140.8

	5us delay spread
for Alt-2 sequence
	148.8
	149.2
	142.5
	140

	20us delay spread
for Alt-1 sequence
	147.5
	147.7
	142.9
	139.9

	20us delay spread
for Alt-2 sequence
	148.1
	148.5
	141.8
	139



Table 3  MIL for PUCCH format 1 (1 bit with 4-symbol duration)
	
	SCS =120, PRB=11
	SCS =120, PRB=12
	SCS =480, PRB=3
	SCS =960, PRB=2

	5us delay spread
for Alt-1 sequence
	151
	151.2

	144.9
	142.1

	5us delay spread
for Alt-2 sequence
	151.7
	151.9
	143.9
	141.4

	20us delay spread
for Alt-1 sequence
	150
	150.2
	144.1
	141.1

	20us delay spread
for Alt-2 sequence
	150.8
	151.1
	143.2
	140.3


For PUCCH format 0 & 1, it can be seen that larger number of PRBs achieves better MIL regardless of SCS, and MIL degrades with larger delay spread due to worse sequence correlation with more frequency selective channel.  For 120 KHz, the gap for 11 PRBs and 12 PRBs is no more than 0.3dB. For better UL resource efficiency, 11 PRBs would be sufficient. Comparing Alt-1 and Alt-2 sequence, Alt-2 achieves better performance for smaller SCS while Alt-1 outperforms for larger SCS, because of different CM for different number of PRBs and different channel frequency selectivity with different SCS.
To select a proper sequence type, in addition to PUCCH detection performance for single UE, detection performance for multi-UE multiplexing case should also be considered.  Considering the proper number of PRBs would be different for different UEs, e.g. due to different UE type or different geometry, it is desirable to support UE multiplexing with different number of PRBs. Even for UEs with same number of PRBs, flexible resource allocation for PUCCH starting PRB is beneficial for UL resource efficiency, e.g. starting PRB for different UEs can be different. Therefore, the sequence design should support both aligned and misaligned PUCCH resources between multiplexed users. Comparing Alt-1 and Alt-2 sequence, Alt-1 sequence can not provide orthogonality among the UEs because of different sequence length or different part of a long sequence, while Alt-2 sequence ensures the orthogonality due to same basic sequence for each PRB. Therefore, Alt-2 is preferred. 
Moreover, specification impact should also be considered for sequence selection. Although the sequence type to achieve maximum MIL is different for different SCS, it is desirable to adopt single sequence type for all cases with reasonable standard effort. 
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 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.   
PUCCH format 0/1 is not only used after RRC connection setup but also before RRC connection setup, i.e. HARQ-ACK feedback for Msg 4/Msg B PDSCH. Comparing with PUCCH after RRC connection, supporting multiple PRB for PUCCH format 0/1 before RRC connection is more critical considering its impact on initial access and its coverage degradation caused by single PRB PUCCH cannot be solved by sending HARQ-ACK on PUSCH as after RRC connection.
Before RRC connection setup, a PUCCH configuration is determined by the indication of a row index in Table 9.2.1-1 in TS 38.213 carried by SIB1. In Rel-16 NR-U, a gNB configures interlace-based transmission in SIB1, and then, the UE reinterprets the table for interlace-based PUCCH transmission, otherwise, the PUCCH resource is single PRB-based. In 52.6 GHz-71 GHz unlicensed band, similarly, a gNB can configure single or multiple PRB-based PUCCH transmission in SIB1. However, unlike Rel-16 NR-U wherein the number of PRBs per interlace is fixed, the proper number of PRBs for 52.6 GHz-71 GHz unlicensed band would vary with different regions, scenario (e.g. fixed indoor or outdoor) and SCS. Moreover, unlike Rel-16 NR-U wherein a proper number of PRBs per interlace is same for all UEs due to same OCB requirement, the proper number of PRBs for 52.6 GHz-71 GHz unlicensed band for each UE would be different, because the motivation of multi-PRB PUCCH is for UL coverage which is different for UEs in different geometry. Therefore, the mechanism to support different number of multiple PRBs for different scenario and different UEs should be supported.
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.
Table 4 provides PUCCH performance in terms of MIL for PUCCH format 4 with single UE transmission. Considering the number of PRBs should fulfils   (where  is a set of non-negative integers), 11 PRBs for SCS=120KHz is removed. Because the channel estimation performance for both sequence type are almost identical for single UE case, the PUCCH detection performance is the same, table 4 only provides result for DMRS with Alt-2 sequence. It can be seen that, comparing with PUCCH format 0/1, the performance degradation with larger delay spread is much smaller than PUCCH format 0/1, because PUCCH format 4 is not based on sequence detection. 
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.

Table 4 MIL for PUCCH format 4 (4 bits with 4-symbol duration)
	
	SCS =120, PRB=12
	SCS =480, PRB=3
	SCS =960, PRB=2

	5us delay spread
	152.9
	145.3
	143.1

	20 us delay spread 
	152.6
	145.2
	142.9



In case of user multiplexing with misaligned RB allocation, similar to PUCCH format 0/1, it can be expected that channel estimation and UCI detection performance degrades dramatically by DMRS based on Alt-1 sequence, due to destroyed orthogonality between multiplexed users. Therefore, DMRS based on Alt-2 sequence is preferred. 
Proposal 6: Support Alt-2 (Rel-16 NR-U short sequence with repetition) for PUCCH format 4 DMRS.   

For user multiplexing of UCI, blockwise spreading across all allocated RBs as Rel-16 NR-U PUCCH format 3 can be directly reused to support enhanced PUCCH format 4 without additional standard effort. There is no clear motivation to introduce a new spreading mechanism and per-RB PAPR/CM reduction mechanism. 
In last meeting, there was also some discussion for whether to extend OCC length to increase multiplexing capacity. The necessisity to increase multiplexing capacity is unclear, because the number of UEs in the same OFDM symbol would not be large in 52.6~71GHz. Moreover, although pre-DFT spread for UCI with larger OCC length may not be very sensitive to frequency selection fading, the multplexing capacility is limited by the cyclic shift gap for DMRS for different UEs. Smaller cyclic shift gap degrades channel estimaiton performance, considering the number of REs within the coherence bandwidth of the channel is significantly decreased with large SCS. 
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.   
Conclusions
This contribution discussed for PUCCH enhancement for 52.6GHz-71GHz unlicensed band. The followings are proposals in contribution.
Proposal 1: Support unified solution for enhanced PUCCH format 0/1/4 based on contiguous multi-full PRB allocation for 120/480/960KHz. 
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 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.   
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.
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.
Proposal 6: Support Alt-2 (Rel-16 NR-U short sequence with repetition) for PUCCH format 4 DMRS.   
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.   
Reference 
[bookmark: _GoBack][1] Chairman notes for RAN1 104-e.
[2] R1-2102127, “FL Summary 4 for 8.2.3 Enhancements for PUCCH”. 
Page 6
