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1. Introduction
Based on current specification and agreements, following corrections related to UCI enhancements for Rel.16 URLLC are discussed and corresponding TPs are proposed in this contribution:
· Clarification of the configuration for one PUCCH-Config with subslotLengthForPUCCH-r16
· Clarification of the maximum number of PUCCH resource sets
· Clarification of the number of PUCCHs with HARQ-ACK in a slot
In addition, following aspect related to UCI enhancements for Rel.16 URLLC is discussed and a proposal is made without corresponding TP in this contribution:
· Clarification of the HARQ-ACK codebook type with different priorities for secondary PUCCH group

2. Discussions and corrections
2.1. Clarification of the configuration for one PUCCH-Config with subslotLengthForPUCCH-r16
Discussion
Sub-slot based HARQ-ACK feedback is configured by subslotLengthForPUCCH-r16 for each priority and the corresponding TP for SR or CSI configuration was agreed in the last RAN1 meeting:
	Agreement
The text proposal in section 3.3 of R1-2007448 is endorsed as part of editor’s CR on TS38.213.
--------------------------------- Start of Proposed Text 1 for TS 38.213 -------------------------------
9	UE procedure for reporting control information
A PUSCH or a PUCCH transmission, including repetitions if any, can be of priority index 0 or of priority index 1. For a configured grant PUSCH transmission, a UE determines a priority index from priority, if provided. For a PUCCH transmission with HARQ-ACK information corresponding to a SPS PDSCH reception or a SPS PDSCH release, a UE determines a priority index from harq-CodebookID, if provided. For a PUCCH transmission with SR, a UE determines the corresponding priority as described in subclause 9.2.4. If a priority index is not provided to a UE for a PUSCH or a PUCCH transmission, the priority index is 0.
 
If a PUCCH-Config is provided with a subslotLengthFor PUCCH, the PUCCH resource corresponding to any SR or CSI configuration with the same priority as the PUCCH-Config, should be confined within the sub-slot associated to the PUCCH-Config.
--------------------------------- End of Proposed Text 1 for TS 38.213 -------------------------------



The above TP includes following two cases:
1. A UE is provided one PUCCH-config (i.e. low priority) with subslotLengthForPUCCH-r16. The PUCCH resource for any SR configuration or any CSI report configuration is within the subslotLengthForPUCCH-r16 symbols
2. A UE is provided two PUCCH-config (i.e. low and high priorities). If the UE is provided subslotLengthForPUCCH-r16 in one of the PUCCH-Config, the PUCCH resource for any SR configuration or any CSI report configuration with the same priority as the PUCCH-Config is within the subslotLengthForPUCCH-r16 symbols in the PUCCH-Config.

However, the above TP was revised in the editor’s CR phase to define the first PUCCH-Config being associated to low priority and second one to high, because PUCCH-Config itself doesn’t have priority, as follows:
	TS 38.213 v16.3.0
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc52208352]9	UE procedure for reporting control information
[…]
If a UE is provided two PUCCH-Config
-	if the UE is provided subslotLengthForPUCCH-r16 in the first PUCCH-Config, the PUCCH resource for any SR configuration with priority index 0 or any CSI report configuration in any PUCCH-Config is within the subslotLengthForPUCCH-r16 symbols in the first PUCCH-Config
-	if the UE is provided subslotLengthForPUCCH-r16 in the second PUCCH-Config, the PUCCH resource for any SR configuration with priority index 1 in any PUCCH-Config is within the subslotLengthForPUCCH-r16 symbols in the second PUCCH-Config
[…]



Unfortunately, Case 1 (one PUCCH-config case) was dropped from the above description. Therefore, we propose to adopt the following TP to include one PUCCH-config case.

Reasons for change
The TP including following case was agreed in RAN1#102-e meeting, however it has not been captured in the current specification.
1. A UE is provided one PUCCH-config (i.e. low priority) with subslotLengthForPUCCH-r16. The PUCCH resource for any SR configuration or any CSI report configuration is within the subslotLengthForPUCCH-r16 symbols
Summary of changes
Add the corresponding changes to make the specification complete.    
Specs/Sections impacted 
TS 38.213 Section 9.
Consequences if not approved  
The spec is incomplete. 
Text proposal
[bookmark: _Toc446967021][bookmark: _Toc454817967][bookmark: _Ref129681832]---------------------------------Start of Text Proposal on TS 38.213 v16.3.0-----------------------
9	UE procedure for reporting control information
<Unchanged parts are omitted>
If a UE is provided one or two PUCCH-Config
-	if the UE is provided subslotLengthForPUCCH-r16 in the first PUCCH-Config, the PUCCH resource for any SR configuration with priority index 0 or any CSI report configuration in any PUCCH-Config is within the subslotLengthForPUCCH-r16 symbols in the first PUCCH-Config
-	if the UE is provided subslotLengthForPUCCH-r16 in the second PUCCH-Config, the PUCCH resource for any SR configuration with priority index 1 in any PUCCH-Config is within the subslotLengthForPUCCH-r16 symbols in the second PUCCH-Config
<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on TS 38.213 v16.3.0------------------



2.2. Clarification of the maximum number of PUCCH resource sets
Discussion
In Rel.15, a UE can be configured up to four PUCCH resource sets. For Rel.16 URLLC, it is our understanding that up to four PUCCH resource sets can be configured “per priority” (i.e. per PUCCH-Config) to keep the PUCCH resource set selection behavior as Rel.15, while the corresponding description in TS 38.213 does not reflect the intention as highlighted below and may lead misreading that up to four PUCCH resource sets can be configured “among different priorities”.
	TS 38.213 v16.3.0
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 […]
A UE can be configured up to four sets of PUCCH resources. A PUCCH resource set is provided by PUCCH-ResourceSet and is associated with a PUCCH resource set index provided by pucch-ResourceSetId, with a set of PUCCH resource indexes provided by resourceList that provides a set of pucch-ResourceId used in the PUCCH resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the PUCCH resource set provided by maxPayloadSize. For the first PUCCH resource set, the maximum number of UCI information bits is 2. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by maxNrofPUCCH-ResourcesPerSet. The maximum number of PUCCH resources in the first PUCCH resource set is 32 and the maximum number of PUCCH resources in the other PUCCH resource sets is 8. 
 […]



Therefore, we propose to adopt the following TP to clarify that up to four PUCCH resource sets can be configured “per priority”.

Reasons for change
Based on the current specification, it can be seen that up to four PUCCH resource sets can be configured “among different priorities”. However, it is common understanding that up to four PUCCH resource sets can be configured “per priority” to keep the PUCCH resource set selection behavior as Rel.15.
Summary of changes
Clarify that up to four PUCCH resource sets can be configured “per priority”.
Specs/Sections impacted 
TS 38.213 Section 9.2.1.
Consequences if not approved  
A UE may not be configured up to four PUCCH resource sets “per priority”, and the PUCCH resource set selection behavior may not be the same as Rel.15 for each priority.
Text proposal
---------------------------------Start of Text Proposal on TS 38.213 v16.3.0-----------------------
9.2.1	PUCCH Resource Sets
<Unchanged parts are omitted>
A UE can be configured up to four sets of PUCCH resources in a PUCCH-Config. A PUCCH resource set is provided by PUCCH-ResourceSet and is associated with a PUCCH resource set index provided by pucch-ResourceSetId, with a set of PUCCH resource indexes provided by resourceList that provides a set of pucch-ResourceId used in the PUCCH resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the PUCCH resource set provided by maxPayloadSize. For the first PUCCH resource set, the maximum number of UCI information bits is 2. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by maxNrofPUCCH-ResourcesPerSet. The maximum number of PUCCH resources in the first PUCCH resource set is 32 and the maximum number of PUCCH resources in the other PUCCH resource sets is 8. 
<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on TS 38.213 v16.3.0------------------


2.3. Clarification of the number of PUCCHs with HARQ-ACK in a slot
Discussion
In Rel.15, a UE can transmit only one PUCCH with HARQ-ACK in a slot. For Rel.16 URLLC, it is our understanding that UE can transmit at most one PUCCH with HARQ-ACK in a sub-slot per priority, based on FG11-3 series and FG11-4 series, with the limitation of the maximum number of actual PUCCH transmissions for HARQ-ACK in a slot (i.e., component 6 in FG11-4/4a), while the corresponding description in TS 38.213 does not reflect the intention as below and may lead misreading that UE can transmit only one PUCCH with HARQ-ACK in a slot even if sub-slot and/or two-priority level are configured for HARQ-ACK feedback.

	TS 38.213 v16.3.0
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A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 
 […]



While replacing “in a slot” to “in a sub-slot” can be obtained based on the description below, “per priority” part should be added to avoid misreading.

	TS 38.213 v16.3.0
9	UE procedure for reporting control information
[…]
In the remaining of this Clause, if a UE is provided subslotLengthForPUCCH-r16, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLengthForPUCCH-r16.
 […]



Therefore, we propose to adopt the following TP to clarify that UE can transmit at most one PUCCH with HARQ-ACK in a sub-slot per priority.

Reasons for change
Based on the current specification, it can be seen that UE can transmit only one PUCCH with HARQ-ACK in a slot or sub-slot. However, it is common understanding that UE can transmit at most one PUCCH with HARQ-ACK in a sub-slot per priority to align with the corresponding UE capabilities.
Summary of changes
Clarify that UE can transmit at most one PUCCH with HARQ-ACK in a sub-slot per priority.
Specs/Sections impacted 
TS 38.213 Section 9.2.3.
Consequences if not approved  
A UE may not be able to transmit at most one PUCCH with HARQ-ACK in a sub-slot per priority, which is inconsistent with UE capability.
Text proposal
---------------------------------Start of Text Proposal on TS 38.213 v16.3.0-----------------------
9.2.3	UE procedure for reporting HARQ-ACK
A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot per priority. 
<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on TS 38.213 v16.3.0------------------


3. Discussion and proposal without TP
3.1. Clarification of the HARQ-ACK codebook type with different priorities for secondary PUCCH group
HARQ-ACK codebook type for each priority can be configured by pdsch-HARQ-ACK-Codebook-List independently. If PUCCH-SCell is configured, HARQ-ACK codebook types for primary and secondary PUCCH groups are configured by pdsch-HARQ-ACK-Codebook and pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup, respectively, as highlighted below in TS 38.331 v16.2.0. 
	pdsch-HARQ-ACK-Codebook
The PDSCH HARQ-ACK codebook is either semi-static or dynamic. This is applicable to both CA and none CA operation (see TS 38.213 [13], clauses 9.1.2 and 9.1.3). If pdsch-HARQ-ACK-Codebook -r16 is signalled, UE shall ignore the pdsch-HARQ-ACK-Codebook (without suffix). If the field pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup is present, pdsch-HARQ-ACK-Codebook is applied to primary PUCCH group. Otherwise, this field is applied to the cell group (i.e. for all the cells within the cell group).

	pdsch-HARQ-ACK-CodebookList
A list of configuration for at least two simultaneously constructed HARQ-ACK codebooks. Each configuration in the list is defined in the same way as pdsch-HARQ-ACK-Codebook (see TS 38.212 [17], clause 7.3.1.2.2 and TS 38.213 [13], clauses 7.2.1, 9.1.2, 9.1.3 and 9.2.1). If this field is present, the field pdsch-HARQ-ACK-Codebook is ignored for the case at least two HARQ-ACK codebooks are simultaneously constructed.

	pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup
The PDSCH HARQ-ACK codebook is either semi-static or dynamic. This is applicable to both CA and none CA operation (see TS 38.213 [13], clauses 9.1.2 and 9.1.3). It is configured for secondary PUCCH group.



Here, it is unclear whether/how HARQ-ACK codebook type for each priority can be configured when PUCCH-SCell is configured. It is our understanding that 2-level HARQ-ACK priorities can be applied to both primary and secondary PUCCH groups. Also, it would be straightforward to apply pdsch-HARQ-ACK-Codebook-List to primary PUCCH group similar to pdsch-HARQ-ACK-Codebook. However, unlike pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup, there is no corresponding RRC parameter to configure the HARQ-ACK codebook type for each priority for secondary PUCCH group. Following two options can be considered to address the issue:
· Option 1: Apply the configuration of pdsch-HARQ-ACK-Codebook-List to secondary PUCCH group as well
· Option 2: Define new RRC parameter (e.g., pdsch-HARQ-ACK-Codebook-List-secondaryPUCCHgroup) for secondary PUCCH group
While Option 2 has flexibility to configure the HARQ-ACK codebook type independently for each priority for each PUCCH group, it would be quite difficult to add new RRC parameter after ASN.1 freeze. Therefore, we propose to support Option 1 and send an LS to RAN2 to modify the description of pdsch-HARQ-ACK-Codebook-List in TS 38.331 that it is applied to the cell group (i.e. for all the cells within the cell group)

Proposal 1:
· When PUCCH-SCell is configured, apply the configuration of pdsch-HARQ-ACK-Codebook-List to both primary and secondary PUCCH groups
· Send an LS to RAN2 to modify the description of pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup in TS 38.331 that it is applied to the cell group (i.e. for all the cells within the cell group)

Note that no correction for RAN1 spec is necessary because current description in Section 9 in TS 38.213 v16.3.0 covers the above case if TS 38.331 is modified accordingly.
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