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1. Introduction
In RAN1#106-e meeting, extensive discussions were conducted on the aspect of PUCCH enhancements and the following agreements were made[1]:
Conclusion:
For enhanced (multi-RB) PF4, maintain the same maximum UCI payload limit as in Rel-15/16 (115 bits).

Agreement:
· For enhanced (multi-RB) PF4, the UCI payload is rate matched to the configured number of RBs, N_RB
· Note: This is analogous to Rel-16 for PF2/3 when interlacing is configured when there is a fixed number of RBs for the configured interlace(s).

Agreement:
· Support an RRC parameter to configure the number of RBs for a PUCCH resource for each of enhanced PUCCH formats 0, 1, and 4
· The parameter is provided by dedicated signaling (per UE) per BWP

[bookmark: _Hlk80295069]Agreement:
For PF0/1 for PUCCH resource sets prior to RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.

Agreement:
In the following, Alt-1 and Alt-2 refer to the RE mapping agreement for 120 kHz from RAN1#105-e:
· For enhanced PF0/1, for PUCCH resources after RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.
· For DMRS of enhanced PF4, only Alt-1 is supported (all REs within each RB are mapped).
· Note: optimization of user multiplexing for enhanced PUCCH format 0/1/4 is not considered in Rel-17.

Agreement:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1

Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 120 kHz SCS.

Agreement:
For the agreed RRC parameter that configures the number of RBs for a PUCCH resource, the value range is given by the following, where N_RB_Max is the maximum number of RBs per SCS value
· For enhanced PF0/1
· All integer values in the range [1 .. N_RB_Max]
· For enhanced PF4
· All integer values in the range [1 .. N_RB_Max] that fulfil the requirement  where  is a set of non-negative integers

Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).

Agreement:
For enhanced PF0/1 support 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.
· Note: this is Alt-1 from the RAN1#104 agreement

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. PUCCH resource sets prior to RRC configuration
Agreement:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1
For PUCCH resource prior RRC configuration, it has been agreed that the number of RBs for enhanced PF 0/1, i.e. N_RB, is signaled via SIB1. Once the N_RB is indicated, it can be used for PUCCH resource sets before RRC resource configuration. As it was pointed out in the FL summary, the UE can determine the PRB index and the initial cyclic shift index in the PUCCH resource sets prior to RRC configuration based on the simple modification in 38.213 Section 9.2.1.
Proposal 1: The UE can determine the PRB index and the initial cyclic shift index in the PUCCH resource sets prior to RRC configuration based on the simple modification in 38.213 Section 9.2.1.
In addition, in RAN1#105-e meeting, it has been agreed that no further enhancements on RB shortage issue and frequency hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration. In our opinion, the potential RB shortage can be resolved by gNB implementation. The network can select an appropriate PUCCH bandwidth or schedule a suitable PUCCH resource index such that the RB shortage does not happen. Thus, the potential RB shortage issue should not be raised anymore.
Proposal 2: The potential RB shortage issue prior to RRC configuration can be handled by gNB implementation.

2.2. PUCCH resource sets with dedicated RRC configuration
The maximum number of RBs, i.e. max(), specifies the upper limit of configured number of RBs for enhanced PF0/1/4 in the network. However, the maximum supported number of RBs for some devices may be less than max() due to UE hardware power limits. For these devices, it is necessary to report UE capability or maximum supported number of RBs to ensure validity of the configured  for PUCCH transmission. Then the number of RBs for enhanced PF0/1/4 can be UE-specifically configured in the connected state.

For UE capability, the corresponding description in 38.331 Section 5.6.1.2:
38.331 Section 5.6.1.2:
The network initiates the procedure to a UE in RRC_CONNECTED when it needs (additional) UE radio access capability information. The network should retrieve UE capabilities only after AS security activation. Network does not forward UE capabilities that were retrieved before AS security activation to the CN.

According to the text in 38.331, reporting UE capability information in RRC_CONNECTED has already been supported, so it is a natural way to report the max supported number of RBs which can be regarded as a kind of UE capability information.
Proposal 3: Reporting UE capability or maximum supported number of RBs in RRC_CONNECTED should be supported.

2.3. PF2/3 enhancement
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.

[bookmark: _GoBack]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 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. Thus, the similar conclusion can also be applied to PF2/3, which is used for larger UCI payloads.
Proposal 4: For PF2/3, 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. 
Proposal 1: The UE can determine the PRB index and the initial cyclic shift index in the PUCCH resource sets prior to RRC configuration based on the simple modification in 38.213 Section 9.2.1.
Proposal 2: The potential RB shortage issue prior to RRC configuration can be handled by gNB implementation.
Proposal 3: Reporting UE capability or maximum supported number of RBs in RRC_CONNECTED should be supported.
Proposal 4: For PF2/3, 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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