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1. Introduction
At RAN#88e meeting, revised WID on enhanced industrial internet of things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved with the objective as follows [1]:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 



In this contribution, remaining issues for HARQ-ACK are discussed.

2. HARQ-ACK feedback enhancements 
2.1. PUCCH cell switching
PUCCH cell switching based on dynamic indication in DCI and semi-static configuration has been agreed in RAN1#105-e. Some remaining issues for PUCCH cell switching are discussed in this section, including PUCCH resource related configuration, semi-static PUCCH, and PUCCH repetition handling.
2.1.1 Semi-static PUCCH cell switching
It was agreed in RAN1#105-e that semi-static PUCCH cell switching is based on a PUCCH cell timing pattern. Most issues for semi-static PUCCH cell switching have been clarified till RAN1#107-e. However, there are still some issues to be further clarified. Some further details are expected to be discussed in RAN1#108-e.
Slot/sub-slot configuration for PUCCH resource on multiple PUCCH cells
Considering PUCCH cell switching from one cell to another cell is based on slot/sub-slot level, it will make UE behavior simpler to keep the same sub-slot/slot configuration for corresponding priority on the multiple PUCCH cells. 
Proposal 1: Keep the same sub-slot/slot configuration for corresponding priority on the multiple PUCCH cells.

CSI reporting with semi-static PUCCH cell switching
In previous meetings, agreements have been achieved on how to perform semi-static PUCCH switching. In our understanding, the semi-static PUCCH cell switching procedure can be summarized as following:
· Step 1: Determine PUCCH reporting slot on PCell/PScell/PUCCH-Scell.
· Step 2: Determine the PUCCH reporting cell based on the PUCCH cell pattern.
· Step 3: If the PUCCH reporting cell is the alternate Scell, determine the slot for PUCCH on the alternate Scell.
· Step 4: Determine PUCCH resource on the determined PUCCH reporting cell.
However, these steps may not work for CSI reporting PUCCH, since CSI PUCCH resource determination is different from HARQ-ACK PUCCH resource determination. In Rel-15/16, HARQ-ACK PUCCH resource is determined based on HARQ-ACK slot, HARQ-ACK payload size, and PRI. While CSI PUCCH resource is determined based on CSI reporting configuration. HARQ-ACK PUCCH resource selection like rule (i.e. based on PUCCH slot and UCI size) is not applicable for CSI PUCCH (except for the case when multiple CSI reports are multiplexed in resource configured by multi-CSI-PUCCH-ResourceList).
When CSI reporting on PUCCH is configured on both PCell/PScell/PUCCH-Scell and alternate Scell, PUCCH cell pattern can be applied to determine whether CSI PUCCH will be transmitted or not. For example, if the CSI PUCCH cell is aligned with the PUCCH cell indicated by the PUCCH cell pattern for the CSI reporting timing, the CSI PUCCH can be transmitted. Otherwise, the CSI PUCCH will not be transmitted.
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Figure 1: CSI reporting with semi-static PUCCH cell switching
Proposal 2: When CSI reporting on PUCCH is configured on both PCell/PScell/PUCCH-Scell and alternate Scell, PUCCH cell pattern is applied to determine whether CSI PUCCH will be transmitted or not.
2.1.2 SPS operation for dynamic PUCCH cell switching
To determine PUCCH transmission cell for SPS PDSCHs, three alternatives were discussed in RAN1#107bis-e.

	Proposal 5: For dynamic PUCCH cell switching, 
· [bookmark: _Hlk93395979]Alt. 1: the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· Alt. 2: the HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) is to be transmitted on the dynamically indicated PUCCH cell in the SPS activation DCI . 
· Alt. 3: the HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI 
· Note: This changes an earlier agreement in terms of handling for the the first SPS PDSCH activated by Activation DCI

Alternative Proposal 5 (from HW): For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI in a slot overlapping with a PCell / SPCell / PUCCH-SCell slot where SPS HARQ-ACK subject to another SPS config would be transmitted. 



In our understanding, it seems not reasonable to transmit HARQ-ACK of later SPS PDSCHs and HARQ-ACK of the first PDSCH on different cells, but the same K1 value is indicated. Therefore, we prefer a solution to transmit HARQ-ACK for all SPS PDSCHs on the same cell. Considering HARQ-ACK overlapping on different cells is not allowed, Alt 2 may cause problems for gNB implementation. Therefore, we prefer Alt 3 in Proposal 5. The alternative Proposal 5 (from HW) is also fine for us, but with following updates.

	Alternative Proposal 5 (from HW): For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI in a slot overlapping with a PCell / SPCell / PUCCH-SCell slot with UCI where SPS HARQ-ACK subject to another SPS config would be transmitted. 



Proposal 3: Support HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) to be transmitted on PCell / SPCell / PUCCH-SCell.
2.1.3 Handling for PUCCH repetition and PUCCH cell switching
If semi-static PUCCH cell switching is enabled, one possible case is that the target PUCCH cells are different for different PUCCH repetitions based on the configured semi-static PUCCH cell pattern. UE behavior should be clarified for such case. 
In RAN1#107bis-e, some options were discussed, while no conclusion was drawn. 

	Alt.1: For semi-static PUCCH cell switching, allow cell switching within a repetition bundle. 
· Alt. 1A: In case of more than one overlapping PUCCH slot on the PUCCH SCell  with a single PUCCH slot on Pcell, the PUCCH repetition is mapped only on the first overlapping PUCCH slot on the PUCCH sSCell. 
· Note: this is aligned with the agreed mapping in case of shorter PUCCH cell length on PUCCH Scell 
· Alt. 1B: In case of more than one overlapping PUCCH slot on the PUCCH SCell with a single PUCCH slot on PCell, PUCCH repetitions are mapped to each of the overlapping PUCCH slot on the PUCCH sSCell.
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Alt 2: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported.
· Alt. 2A: A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions / the repetition is post-poned as in Rel-16. Example figure for 4 repetitions:
[image: ]
· Alt. 2B: A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped (i.e. total number of repetitions not guaranteed). Example figure for 4 repetitions where in total only 3 repetitions are transmitted:
[image: ]



We can understand the possible latency benefit of Alt.1 compared to Alt. 2A, or possible reliability benefit of Alt. 1 compared to Alt. 2B. However, there are some concerns on Alt. 1. In Rel-16, same PUCCH length, format, and other parameters are applied for PUCCH repetitions. However, considering PUCCH resource configuration on different cells may be different, the rule is not workable to determine PUCCH resource of later repetitions on different cell from the cell of the first repetition. UE needs to re-select PUCCH resource for later repetitions on different cell from the cell of the first repetition. However, such resource re-selection may lead inconsistent parameters. For example, if the repetition factor of the PUCCH resource selected on the cell of first repetition is equal to 4, while the repetition factor of the PUCCH resource selected on the other cell of second repetition is equal to 1. Will PUCCH repetition continue? Moreover, when PUCCH coding related parameters are different for PUCCH resource selected on different cells, soft combining gain may not be obtained. Therefore, we support Alt. 2 that cell switching within repetition bundle is not supported. 
Regarding Alt. 2A or Alt. 2B, we slightly prefer Alt. 2B (i.e. no postponing). It is obvious Alt.2B is simpler than Alt. 2A. On the other hand, if postponing is applied based on the PUCCH cell pattern, it is possible that the gap between the first repetition and the last repetition is very large. Considering PUCCH dropping due to collision with previous PUCCH repetitions, too many postponed repetitions may lead to unexpected dropping of later PUCCHs. Regarding the concern raised on Alt.2B that total number of repetitions is not guaranteed, we don’t think it is a big issue since dynamic indication of number of repetitions is introduced in Rel-17 CovEnh WI. 
Proposal 4: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported. A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped (i.e. total number of repetitions not guaranteed).

3. Conclusion
In this contribution, we discussed the UE feedback enhancements for HARQ-ACK for eIIoT/URLLC. We have the following proposals:
Proposal 1: Keep the same sub-slot/slot configuration for corresponding priority on the multiple PUCCH cells.
Proposal 2: When CSI reporting on PUCCH is configured on both PCell/PScell/PUCCH-Scell and alternate Scell, PUCCH cell pattern is applied to determine whether CSI PUCCH will be transmitted or not.
Proposal 3: Support HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) to be transmitted on PCell / SPCell / PUCCH-SCell.

Proposal 4: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported. A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped (i.e. total number of repetitions not guaranteed).
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