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Introduction
In RAN#104bis-e meeting, the following agreements have been made regarding PUCCH enhancement [1]:
	Agreement:
· The maximum values for the configured number of RBs, NRB, for enhanced PF0/1/4 are at least:
· 12 RBs for 120 kHz SCS
· 3 RBs for 480 kHz SCS
· 2 RBs for 960 kHz SCS
· FFS: Whether or not the above values need to be revised to support larger values (and any associated signaling impact), e.g., to support lower UE Tx beamforming gain and/or larger UE EIRP and conducted power limits for different UE power classes, different from those in the agreed evaluation assumptions 

Agreement:
Down select to one of the following two alternatives for the configuration of the number of RBs, , for enhanced PUCCH formats 0/1/4:
· Alt-1:
· For enhanced PF0/1
· Support configuration of all integer values in the range [1 .. max()] for each SCS
· For enhanced PF4
· Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfill the requirement  where  is a set of non-negative integers.
· Alt-2:
· Same as Alt-1, but with coarser granularity, i.e., not all integer values of  can be configured
· FFS: Which values of  are supported values in the range [1 .. max()]

Agreement:
For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 only, as in Rel-15/16.
Agreement:
For DMRS of enhanced PF4, a Type-1 low PAPR sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4 (Alt-1 in agreement from RAN1#104-e).
Agreement:
For UCI of enhanced PF4, support pre-DFT blockwise spreading performed across all allocated RBs (Alt-1 in agreement from RAN1#104-e).
Agreement:
For addressing the FFS from the prior agreement in RAN1#104bis-e on the maximum values for the configured number RBs, send an LS to RAN4 asking for feasible maximum values for UE_EIRP and UE_P for operation in 52.6-71 GHz.
R1-2104061	LS to RAN4 on maximum UE conducted power and maximum UE EIRP for operation in the 52.6 – 71 GHz band
Agreement:
User-multiplexing can be considered but as lower priority compared to maximum isotropic loss for PUCCH as a design criterion.


This contribution discusses open issues for PUCCH format 0/1/4.
Discussion
RAN1 already 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 cannot be utilized for other UL transmission, e.g. PUSCH or PRACH, thus it barely improves 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, and 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. 
In the last meeting, RAN1 discussed how to configure the number of RBs, . Alt 1 supports configuration of all integer values in the range of [1 .. max()], while Alt 2 supports configuration with coarser granularity. Alt 1 provides more flexibility and marginal standard effort, i.e. gNB can configure any proper integer as in Rel-15/16. Alt 2 can reduce some RRC signalling overhead (however, RRC signalling overhead is not typically RAN1 concern) at the cost of less flexibility and larger standard effort, i.e. RAN1 needs to determine the proper granularity. From RAN1’s perspective, scheduling flexibility and reasonable standard effort is more important than the limited RRC overhead reduction. Therefore, Alt 1 should be supported. 
Proposal 2: Support configuration of all integer values in the range of [1 .. max()] per SCS, for PUCCH format 0/1. Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfills the requirement  where  is a set of non-negative integers for PUCCH format 4. 
In the last meeting, RAN1 discussed the maximum number of PRBs for PUCCH format 0/1/4 for different cases. For the case of UE_P = 21 dBm, EIRP = 25 or 40 dBm, TxBF = 6 dBi, the maximum number of PRBs is 12, 3, 2 for 120KHz, 480KHz and 960KHz respectively. According to the evaluation [2] for long sequence (Alt-1) and short sequence with repetition (Alt-2), 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. If the number of maximum PRBs is further increased (still waiting RAN4’s response for feasible maximum values for UE_EIRP and UE_P), e.g. up to 18 PRBs with UE_P = 23 dBm for 120KHz SCS, MIL performance is still expected better by Alt-2 due to smaller CM and robustness to channel frequency selectivity. 
Table 1 95-percentile CM [dB]  for PF 0/1 with >12 PRBs
	RBs
	13
	14
	15
	16
	17
	18

	Alt -1 
	2.1
	2.3
	2.3
	2.3
	2.0
	2.1

	Alt -2
	1.1
	1.0
	1.1
	1.4
	1.7
	2.0



Since MIL performance is comparable for Alt-1 and Alt-2, other factors should be considered. 
· Multi-UE multiplexing
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. Comparing Alt-1 and Alt-2 sequence, Alt-1 sequence cannot 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.
· Standard effort 
Alt-2 is reusing Rel-16 NR-U PUCCH format 0/1 design, while Alt-1 requires additional standard effort for long sequence. 
Therefore, Alt-2 is preferred. 
Proposal 3: Support Alt-2 (Rel-16 NR-U short sequence with repetition) for PUCCH format 0/1.   
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 NR 52.6 GHz-71 GHz, 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 NR 52.6 GHz-71 GHz 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 each UE in NR 52.6 GHz-71 GHz 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.
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: Support configuration of all integer values in the range of [1 .. max()] per SCS, for PUCCH format 0/1. Support configuration of all integer values in the range [1 .. max()] for each SCS that fulfills the requirement  where  is a set of non-negative integers for PUCCH format 4. 
Proposal 3: Support Alt-2 (Rel-16 NR-U short sequence with repetition) for PUCCH format 0/1.   
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.
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