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1. Introduction
In RAN1#106bis-e meeting, extensive discussions were conducted on the aspect of PUCCH enhancements and the following agreements were made[1]:
[bookmark: _Hlk85202687]Conclusion:
· Do not re-open the discussion potential RB shortage and frequency hopping distance issues for common PUCCH resource sets prior to dedicated PUCCH resource configuration.
· Note: Whether or not the spec explicitly captures error cases related to a potential RB shortage issue will be separately discussed.

Agreement:
· Reuse the existing Rel-15/16 PUCCH configuration Table 9.2.1-1 in 38.213 for configuration of PUCCH resource sets prior to dedicated PUCCH configuration for multi-RB PUCCH formats 0/1
· As previously agreed, the number of RBs for each PUCCH resource in a set is N_RB which is signaled in SIB1
· The lowest-indexed RB for each PUCCH resource is a function of N_RB
· The following example change to 38.213 Section 9.2.1 can be recommended to the editor of 38.213 to use at the editor’s discretion (subject to resolution of the below FFS on the value of X)
---- Start ----
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as 
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
	  ---- End ----
· FFS: Supported value of X. Down-select to one of the following alternatives:
· Alt-1: X = N_RB
· Note: This alternative is mathematically equivalent to Example Construction 1 discussed in RAN1#106-e.
· Alt-2a: X is a fixed value less than N_RB, e.g., 1, N_RB / 2, …
· Alt-2b: X is configurable, e.g., via SIB1
· FFS: Whether or not the spec explicitly captures either or both of the following error cases related to a potential RB shortage issue:
· Case 1: Some of the RBs of a PUCCH resource fall outside the initial UL BWP
· Case 2: An indicated PUCCH resource with r_PUCCH ≥ 8 overlaps the RBs of a PUCCH resource with r_PUCCH < 8. 
· FFS: Whether or not special handling for PUCCH resource set index 15 is necessary.

Agreement:
· Update the following RAN1#106-e agreement to clarify that the number of RBs can be configured separately per PUCCH resource
Update of RAN1#106-e Agreement:
· Support an RRC parameter to configure the number of RBs for a per PUCCH resource for each of enhanced PUCCH formats 0, 1, and 4
· The parameter is provided by dedicated signaling (per UE) per BWP
· Update the description of the RRC parameter accordingly within the RRC parameter email thread

Agreement:
· In the RAN1#106bis-e agreement on construction of PUCCH resource sets prior to dedicated PUCCH configuration, the following is supported at least for PUCCH resource set indices 0 .. 14 in Table 9.2.1-1 (Alt-1 in the agreement):
· 
· FFS: Down select to one of the following alternatives for PUCCH resource set index 15
· Alt-a: 
· Alt-b: Alternative handling (to be defined)

Conclusion:
· For a common PUCCH resource set prior to dedicated PUCCH resource configuration, for some values of r_PUCCH, the corresponding PUCCH resource may not be fully contained within the initial UL BWP. The UE does not expect to receive a PRI and determine a value of r_PUCCH for which the corresponding PUCCH resource is not fully contained within the initial UL BWP
· It is left to gNB implementation to avoid such an error case, i.e., this is not explicitly captured in specifications

Conclusion:
For enhanced (multi-RB) PF0/1, enhancement to the cyclic shift definition is not supported in Rel-17.

In this contribution, we provide some analysis and evaluations on the further discussion, including PUCCH resource sets prior to RRC configuration, and remaining issues for PUCCH enhancement. 
2. Discussion
1. 
2. 

2.1. Coverage imbalance between PF2/3 and PF4
The maximum number of RBs for PF2/3 in Rel-16 is 16, which is aligned with the enhanced PF0/1/4, so further enhancement on the maximum number of RBs for PF2/3 is not needed. However, according to the description in 38.213, we note that the actual number of RBs used for PF2/3 transmission will vary dynamically based on PUCCH payload. 
38.213 Section 9.2.3
If a UE transmits a PUCCH with [image: ] HARQ-ACK information bits and [image: ] bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes [image: ] PRBs, the UE determines a number of PRBs [image: ] for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs [image: ] provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB from the number of PRBs, that results to [image: ] and, if [image: ], [image: ], where [image: ], [image: ], [image: ], and [image: ] are defined in Clause 9.2.5.2. For PUCCH format 3, if [image: ] is not equal [image: ] according to [4, TS 38.211], [image: ] is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If [image: ], the UE transmits the PUCCH over [image: ] PRBs.

In this case, the actual number of RBs used for PF2/3 transmission may be smaller than the number of RBs configured by RRC parameters. In 60GHz band, the PUCCH transmission power is restricted by PUCCH bandwidth due to PSD limitation, so the adjustment of number of RBs for PF2/3 transmission may result in degraded coverage. Furthermore, we provide the required SNR and MIL comparison with different number of RBs for PF3 when the payload size is 120bits, as shown in Table 1 and Fig.1 respectively.

	Target SNR for 120kHz
	N_RB=1
	N_RB=2
	N_RB=4
	N_RB=8
	N_RB=12
	N_RB=16

	TDL-A-5ns
	6.1
	1.6
	-1.7
	-4.6
	-6.2
	-7.4

	Note: 
1. The same link level evaluation assumptions of PF4 in R1-2102127 are used except OCC configuration.
2. The detection criterion is the UCL block error probability BLER ≤ 1%


Table 1: required SNR with different number of RBs for PF3 when the payload size is 120bits
[image: ]
Fig.1: MIL comparison with different number of RBs for PF3 when the payload size is 120bits
It can be seen from Fig.1 that the MIL loss ranges from 1.2dB to 13.5dB depending on the number of RBs compared with N_RB=16, which is quite substantial. Note that for enhanced PF4, it has been agreed that the actual number of RBs used for a PUCCH transmission does not vary dynamically based on PUCCH payload, where the coverage performance can be guaranteed. Considering PF2/3 is used for larger UCI payloads, the similar agreement can be made for PF2/3 to avoid the potential coverage imbalance between PF2/3 and PF4.
Proposal 2: For PF2/3 in 60GHz band, 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.

3. Conclusion
This contribution discusses the potential enhancements for PUCCH format 0/1/4. The following observations and proposals are made. 
[bookmark: _GoBack]Proposal 1: For PF2/3 in 60GHz band, 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.
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