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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
A couple of remaining issues for PUCCH resource allocation is discussed in this contribution, including the following aspects.
· HARQ-ACK resource before RRC connection setup
· Value range of the payload size of the PUCCH resource set 
This contribution is a revised contribution from R1-1803835
2. HARQ-ACK resource before RRC connection setup
Regarding PUCCH resource allocation before RRC connection setup, many agreements were achieved at RAN1 previous meetings (see Annex 1). According to these agreements, we can see 4-bit RMSI can be designed for at most 16 different sets of PUCCH resources. 
It is agreed that 16 UE-specific resources are specified within a PUCCH resource set indicated by RMSI. It is also agreed that 3-bit ARI for DCI 1_0 and DCI 1_1, therefore, within each set, 3-bit explicit indication with 1-bit implicit indication is used for PUCCH resource indication.
Time domain OCC for format 1
For PUCCH Format 1, the multiplexing capacity can be increased by utilizing a combination of CS and OCC. For CS, it’s agreed that up to two sets of initial CS shift indices can be specified for different RMSI values for a specific PUCCH format. For OCC, it’s is still under discussion. As the preliminary agreements, three durations are supported, i.e., 4-symbol, 10-symbol and 14-symbol. Since intra-frequency hopping is always enabled, OCC capacity for these three durations respectively is 0, 2 and 3. In our view, for the PUCCH allocation before RRC connection setup, there are only 16 entries can be configured, least including the at least indication of duration, PRB offset, CS indices sets. The design goal of PUCCH before RRC setup shall consider robust inter/intra-cell interference management rather than high resource utilization. Therefore, we propose to disable OCC by fixing OCC index as a constant value.
Multi-slot PUCCH
PUCCH with different number of symbols can supply different benefits. For 2-symbol and 4-symbol PUCCH, they can be transmitted in most slot formats and supply a lower access delay. For 10-symbol and 14-symbol PUCCH, they can be used for UE in the cell edge and improve he coverage. In our opinion, in addition to supporting single-slot PUCCH for initial access, PUCCH with repetition should be supported as well. That’s because
1) It was agreed that the PUCCH duration and starting symbol are cell-specific and derived by RMSI, so all UEs in the cell use the same duration PUCCH, the coverage will be very limited for 2-symbol and 4-symbol PUCCH configuration. However, it can be enlarged if multi-slot PUCCH is supported.
2) During the process of RACH, preamble and Msg3 with retransmission has already been supported. Thus, to guarantee the cell coverage, it’s significant to support multi-slot PUCCH. 
3) Otherwise, the support of multi-slot PUCCH after RRC is indifferent, since UE can already access the network using single-slot PUCCH, the gain of multi-slot PUCCH is just used to increase the detection performance or to save UE transmission power. 
4) Regarding the feature of repetitions for PUCCH format 1, 3 and 4 over multiple slots is mandatory with capability signaling, for a certain UE, if it does not support this feature, the UE transmit single slot PUCCH.
Moreover, considering standalone LAA for future proof, some of the entries in 4-bit RMSI shall be reserved.
Proposal 1: Support of the following use cases for 4-bit parameter in RMSI 
· Support multi-slot PUCCH transmission
· Reserved some entries in 4-bit RMSI PUCCH resource indication for future use, e.g., for LAA.
3. Value range of the payload size of the PUCCH resource set 
It is agreed in RAN1#91, 
Agreements:
· UE determines one PUCCH resource set from one or more (up to K=4) configured PUCCH resource sets based on the UCI payload size (not including CRC). 
· PUCCH resource set i for UCI payload size  is in the range of {Ni, …, Ni+1-1} bits (i=0, …, K-1)
· N0=1, N1=3
· For i=2, …, K-1, Ni is UE-specifically configured 
· The value is in the range of {4, [256]} with a granularity of [4] bits
· NK= a max UCI payload size, which may be implicitly or explicitly derived, detailed value is FFS 
· Note: For a UCI payload range, a PUCCH resource set can contain resources for short PUCCH and resources for long PUCCH.

However, with only one configured PUCCH RESET, it should be clarified that the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits (less than 3-bit). 
Therefore, we propose the following changes in TS38.213 [1] section 9.2.1 in Annex 2.
Meanwhile, the corresponding change in TS38.331 shall be based on this.
Proposal 3: with only one configured PUCCH RESET, the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits. And the text proposal for TS38.213 in Annex 2 should be considered.
4. Conclusion
This contribution gives remaining issues for PUCCH resource allocation and the followings are proposed,
Proposal 1: Support of the following use cases for 4-bit parameter in RMSI 
· Support multi-slot PUCCH transmission
· Reserved some entries in 4-bit RMSI PUCCH resource indication for future use, e.g., for LAA.
Proposal 2: with only one configured PUCCH RESET, the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits. And the text proposal for TS38.213 in Annex 2 should be considered.
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Annex 1. Agreements for PUCCH resource allocation before RRC connection setup
It is agreed in RAN1#91 and RAN1#1801Adhoc and RAN1#92 and RAN1 #92B that
Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup: 
· Only PUCCH Format 0 and 1 are supported 
· The resource allocation is derived based on a 4-bit parameter in RMSI 
· FFS other details (no additional RRC impact)
Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup, UE identifies a PUCCH resource from a set of resources derived from RMSI using a similar approach to the case after RRC connection setup.
Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup  
· 4-bit RMSI indicates an entry into a 16-row table and each row in the table configures a set of cell-specific PUCCH resources/parameters
· PUCCH duration of at least {2, 14}
· If frequency hopping is enabled for long PUCCH, the PRB(s) of the two hops are x PRBs away from each edge of the initial UL BWP.
· FFS on x
· FFS on whether to support frequency hopping for short PUCCH
· FFS frequency hopping is always enabled or indicated in RMSI to enable/disable hopping
· Check further offline on the UE feature related discussion
Agreements:
· For PUCCH duration = 2, the starting symbol is symbol 12 within the slot
· HARQ-ACK is only one bit without bundling before RRC connection 
Agreements:
For resource allocation for HARQ-ACK before a UE has a dedicated PUCCH configuration, 
· Additional PUCCH durations include:
· 4-symbol, 
· starting from Symbol#10.
· 10-symbol, 
· starting from Symbol#4
Working assumption:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 
· Frequeny hopping is always enabled for PUCCH transmission for FR1 and FR2.
Agreements:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· PUCCH format is cell-specific and derived from RMSI indication.
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· PUCCH duration and starting symbol are cell-specific and derived by RMSI.

Agreements:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 16 UE-specific resources are specified within a PUCCH resource set indicated by RMSI.
· PRB indices are determined based on ARI and RMSI.

Agreements:
Confirm the following working assumption:
For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 
· Frequeny hopping is always enabled for PUCCH transmission for FR1 and FR2.

Agreements:
For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 
· One RMSI value is used for indicating cell-specific PRB offset = 0 for PUCCH duration = 2, 4, 10,14 symbols respectively.
· (working assumption) One RMSI value is used for indicating cell-specific PRB offset = Floor(NBWP/4) for PUCCH duration = 14 symbols.
· NBWP is the size of initial UL BWP

Agreements:
For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 
· Up to two sets of initial CS shift indices can be specified for different RMSI values for a specific PUCCH format
Agreements:
For PUCCH resource determination within a resource set before a UE has a dedicated PUCCH configuration, besides 3-bit ARI, the additional 1-bit indication is based on 
· CCE-index-based implicit mapping same as that after UE has a dedicated PUCCH configuration

Annex 2. Text Proposal for TS38.213
------------------------------Start Text Proposal---------------------------------
9.2.1	PUCCH Resource Sets
<…>

If the UE transmits  UCI bits, the UE determines a PUCCH resource set to be 
· 
a first set of PUCCH resources if , or, where  for the number of PUCCH resource set is more than one and  is provided by higher layer parameter N_1 for the number of PUCCH resource set is one, or
· 

a second set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_2, or
· 

a third set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_3, or
· 
a fourth set of PUCCH resources, if any, if .  
If a UE is not configured with higher layer parameter PUCCH-resource-set, an UL BWP for PUCCH transmission with HARQ-ACK information is indicated by SystemInformationBlockType1 and a set of PUCCH resources is provided by higher layer parameter PUCCH-resource-common in SystemInformationBlockType1. 
<…>
------------------------------End Text Proposal---------------------------------
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