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Introduction
In last RAN1 meeting, the issue for multiplexing SPS HARQ-ACK in CSI PUCCH resource has been raised and there were discussions on two aspects: the first one is to conclude not changing sub-slot for PUCCH transmission with HARQ-ACK corresponding only to SPS PDSCH(s) and the other is the reference of first symbol for PUCCH resource when sub-slot is configured. The latest proposals made by FL are copied below but no consensus was reached due to lack of time:
Latest Proposal 3-1:
For the multiplexing among overlapping channels with same a given priority index, if a UE is provided subslotLengthForPUCCH for the HARQ-ACK codebook of the given priority index, UE does not expect that the HARQ-ACK corresponding only to SPS PDSCH(s) in one sub-slot is moved to a different sub-slot after multiplexing.
· Note: It is up to the editor to decide whether/how to capture the proposal in the spec if agreed.
Latest Proposal 3-2: Only for sub-slot-based PUCCH resource except where the PUCCH resource is provided by pucch-ResourceId in multi-CSI-PUCCH-ResoruceList, pucch-CSI-ResourceList and SchedulingRequestResourceConfig, for HARQ-ACK feedback, the first symbol of the PUCCH resource is relative to the first symbol of the sub-slot.
In this contribution, we further discuss the SPS HARQ-ACK multiplexing related issue.
Discussion 
1. 
2. 
For the first aspect, it is common understanding that UE does not expect the SPS HARQ-ACK in one sub-slot is moved to another sub-slot due to multiplexing, but it has not been discussed whether to make changes on the specification. At the beginning of section 9 in TS 38.213, it is stated that “In the remaining of this Clause, if a UE is provided subslotLengthForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLengthForPUCCH.” To our understanding, if a UE is provided subslotLengthForPUCCH for a given priority index, the multiplexing of SPS HARQ-ACK and CSI in section 9.2.5.2 (the following text) should be performed on sub-slot level, that is, the highlighted “slot” in the following text should be re-interpreted as sub-slot. In such a case, the SPS HARQ-ACK information would not be moved to a different sub-slot after multiplexing with CSI. Therefore, the current specification is clear and no needs for further clarification.
	9.2.5.2	UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH
If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where the HARQ-ACK, if any, is in response to a PDSCH reception without a corresponding PDCCH
-	if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with [image: ] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ];
-	if [image: ], the UE uses PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ]
-	else if [image: ] and [image: ], [image: ], the UE transmits a PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] 
-	else the UE uses the PUCCH format 2 resource [image: ], or the PUCCH format 3 resource [image: ], or the PUCCH format 4 resource [image: ] and the UE selects [image: ] CSI report(s) for transmission together with HARQ-ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214] 
[bookmark: _Hlk534904159]-	else, the UE transmits the [image: ] bits in a PUCCH resource provided by pucch-CSI-ResourceList and determined as described in Clause 9.2.5


Proposal 1: For the multiplexing among overlapping channels with same a given priority index, if a UE is provided subslotLengthForPUCCH for the HARQ-ACK codebook of the given priority index, UE would not move the HARQ-ACK corresponding only to SPS PDSCH(s) in one sub-slot to a different sub-slot after multiplexing with the description of the current spec.
For the second aspect, it is common understanding that the sub-slot reference applies only to initial HARQ-ACK PUCCH resource. However, an issue about whether to allow to configure same PUCCH resource ID between sub-slot based PUCCH resource and slot based PUCCH resource was raised by Samsung and no consensus was reached. To our understanding, it is unnecessary to restrict that PUCCH resource for sub-slot based HARQ-ACK and PUCCH resource for slot-based SR/CSI cannot share the same PUCCH resource ID. This is beneficial for multiplexing from both UE and system perspective. 
If it is allowed for the above configuration, the reference point for PUCCH resource used for sub-slot HARQ-ACK is the first symbol of the sub-slot, while the reference point for PUCCH resource used for slot-based CSI/SR is the slot boundary. With the above understanding, the following text proposal for section 9.2.1 in TS 38.213 can be applied:
	[bookmark: _Hlk71621064]9.2.1	PUCCH Resource Sets
<omit text unchanged>
If a UE is provided subslotLengthForPUCCH in a PUCCH-Config, the first symbol of a PUCCH resource in PUCCH-Config when the UE determines from PUCCH-ResourceSet or sps-PUCCH-AN-List-r16 in PUCCH-Config and n1PUCCH-AN in SPS-Config for multiplexing HARQ-ACK in a PUCCH transmission is relative to the first symbol of the subslotLengthForPUCCH symbols [12, TS 38.331]. For the remaining cases, the first symbol of a PUCCH resource is relative to the first symbol of a slot with  symbols [4, TS 38.211]. 
<omit text unchanged>


Proposal 2: Adopt the following text proposal for the reference of first symbol for PUCCH resource when sub-slot is configured:
	9.2.1	PUCCH Resource Sets
<omit text unchanged>
If a UE is provided subslotLengthForPUCCH in a PUCCH-Config, the first symbol of a PUCCH resource in PUCCH-Config when the UE determines from PUCCH-ResourceSet or sps-PUCCH-AN-List-r16 in PUCCH-Config and n1PUCCH-AN in SPS-Config for multiplexing HARQ-ACK in a PUCCH transmission is relative to the first symbol of the subslotLengthForPUCCH symbols [12, TS 38.331]. For the remaining cases, the first symbol of a PUCCH resource is relative to the first symbol of a slot with  symbols [4, TS 38.211]. 
<omit text unchanged>



Conclusion
In this contribution, we further discuss the SPS HARQ-ACK multiplexing related issue and the following proposals are made:
Proposal 1: For the multiplexing among overlapping channels with same a given priority index, if a UE is provided subslotLengthForPUCCH for the HARQ-ACK codebook of the given priority index, UE would not move the HARQ-ACK corresponding only to SPS PDSCH(s) in one sub-slot to a different sub-slot after multiplexing with the description of the current spec.
Proposal 2: Adopt the following text proposal for the reference of first symbol for PUCCH resource when sub-slot is configured:
	9.2.1	PUCCH Resource Sets
<omit text unchanged>
If a UE is provided subslotLengthForPUCCH in a PUCCH-Config, the first symbol of a PUCCH resource in PUCCH-Config when the UE determines from PUCCH-ResourceSet or sps-PUCCH-AN-List-r16 in PUCCH-Config and n1PUCCH-AN in SPS-Config for multiplexing HARQ-ACK in a PUCCH transmission is relative to the first symbol of the subslotLengthForPUCCH symbols [12, TS 38.331]. For the remaining cases, the first symbol of a PUCCH resource is relative to the first symbol of a slot with  symbols [4, TS 38.211]. 
<omit text unchanged>
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