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1 Introduction
In RAN1#90 meeting [1], agreement on time granularity of a HARQ-ACK transmission on PUCCH was achieved as follows:
Agreements:
· Confirm the WA at RAN1 NR AH#2
· HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology
· The time granularity of a HARQ-ACK transmission on PUCCH, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]And in RAN1#93 meeting [2], agreements were achieved as follows:
Agreements:
· When HARQ-ACK for the PDSCH with larger SCS is transmitted on a carrier with smaller SCS
· K1=0 corresponds to the slot for the smaller SCS which overlaps with the PDSCH 
· When HARQ-ACK for the PDSCH with smaller SCS is transmitted on a carrier with larger SCS
· K1=0 corresponds to the slot for the larger SCS with end boundary aligned to the slot for the corresponding PDSCH
Agreements:
· On a per PUCCH group basis:
· If a UE is configured with overlapping PUCCH resources for CSI-only reporting in a slot,
· If a UE is configured with multi-CSI-PUCCH-Config, the UE multiplexes all the CSI reports corresponding to CSI only PUCCH resources (overlapping or not) in the slot on a single multi-CSI-PUCCH resource, following the agreed priority rules for CSI reporting.
· If a UE is not configured with multi-CSI-PUCCH-Config, among all the PUCCH resources for CSI reporting, the UE selects maximum two non-overlapping PUCCH resources for CSI reports with the highest priority.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2. 
· For CSI-only reporting in a slot, if a UE is configured with more than two non-overlapping CSI reports in a slot, the UE selects the maximum two PUCCH resources with the highest priority CSI repots.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
In this contribution, we provided our views on the remaining issue on PUCCH.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion on the time granularity of HARQ-ACK transmission 
It was agreed that the granularity for a HARQ-ACK transmission on PUCCH is based on the numerology of PUCCH transmission. While in current spec [3], it seems the description of the granularity is missing and the current spec is not very clear. So we propose to add the description for the granularity.
Proposal: Adding the description of granularity for a HARQ-ACK transmission on PUCCH, and the granularity is based on the numerology of the PUCCH transmission. .
Text proposal
>>> Text proposal for 38.213 Section 9.2.3 >>>
…


With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception in slot [image: ] or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ], where [image: ] is a number of slots based on the numerology of the PUCCH transmission and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by higher layer parameter dl-DataToUL-ACK. If the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing,  corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH transmission. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing,  corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.    
…
>>> End text proposal >>>
3 UCI Multiplexing for a Selected CSI Report and Other PUCCH or PUSCH
According to previous discussion and agreement, if CSI PUCCH overlaps with other PUCCH or PUSCH, and multi-CSI-PUCCH resource is not configured, at most two CSI reports can be selected to be multiplexed with other UCI and reported. It means that even if other PUCCH or PUSCH is sufficient to carry a large payload of UCI, only at most two CSI reports can survive and be reported. In NR, there can be many CSI reports configured to be reported in the same slot, especially when carrier aggregation is supported. In that case, a large amount of CSI reports may have to be dropped due to the limit of two CSI reports, which is not beneficial for NR system performance, at least from a view of efficiency. If CSI PUCCH is colliding with other PUCCH, the calculation of dropped CSI reports can be cancelled prior to the dropping, and the corresponding occupied CSI Processing Units (CPU) can be released for other pending CSI reports. However, if CSI PUCCH is colliding with a PUSCH, the calculation of CSI reports which will be dropped has to be kept on and the occupied CPUs cannot be released, since the PUSCH transmission is dynamically triggered and UE cannot predict to drop any CSI reports which should be transmitted on PUCCH originally.
Observation 1: Reporting at most two CSI reports when CSI-PUCCH collides with other PUCCH or PUSCH if multi-CSI PUCCH is not configured may waste CPU resources for CSI reports.
[image: ]
Figure 1 A selected CSI report does not collide with other PUCCH or PUSCH
There are cases that none of CSI reports can be reported, especially when the selected one or two CSI reports with highest priority does not collide with other PUCCH. As shown in Figure 1, only the CSI report with 1st priority will be selected firstly and other CSI reports (2nd and 3rd priority) will be dropped. Because the selected CSI report are long PUCCH and does not collide with HARQ PUCCH, the selected only CSI report has to be dropped if HARQ PUCCH is a long PUCCH, since NR cannot support two long PUCCHs in a slot, even when there is a further PUSCH transmission which may have capacity for CSI report. In this case, none of CSI report is reported in the slot.
To avoid such a worst case, the multiplexing or dropping multiple CSI reports in a slot should consider whether there is a further PUCCH or PUSCH in the same slot or not. As already agreed, if there is no further PUCCH or PUSCH, only at most two CSI reports with highest priority should be selected, when multi-CSI-PUCCH is not configured. However, if there is another PUCCH or PUSCH, all the UCI of CSI reports in one slot should be multiplexed together as a whole in the first, and then their colliding with other PUCCH or PUSCH is considered. For example, in the figure, the CSI report with 1st priority should be multiplexed with the HARQ PUCCH.
Proposal 2: When there is a PUSCH or other PUCCH transmission, all the UCI of CSI reports in one slot should be multiplexed together and then considered as colliding with other PUCCH or PUSCH.
4 Conclusion
[bookmark: _GoBack]In this contribution, we provided our views on the remaining issues on PUCCH, and we proposed that:
Proposal 1: Adding the description of granularity for a HARQ-ACK transmission on PUCCH, and the granularity is based on the numerology of the PUCCH transmission. 
Observation 1: Reporting at most two CSI reports when CSI-PUCCH collides with other PUCCH or PUSCH if multi-CSI PUCCH is not configured may waste CPU resources for CSI reports.
Proposal 2: When there is a PUSCH or other PUCCH transmission, all the UCI of CSI reports in one slot should be multiplexed together and then considered as colliding with other PUCCH or PUSCH.
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