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1. Introduction
In RAN #92bis meeting, there was discussion on UCI multiplexing on PUCCH and the followings were agreed [1].
	Agreements:
· To adopt the following TP for 38.213, Section 9.2.3:
A UE may transmit one or more two PUCCHs on a serving cell in different symbols within a slot of  symbols as defined in [4, TS 38.211]. In case of two PUCCHs in the slot, at least one of them is based on PUCCH format 0 or 2.
Agreements:
· When HARQ-ACK PUCCH resource with PUCCH F1 overlaps with SR PUCCH resource with PUCCH F0 with the same starting symbol in a slot,
· The UE transmits only HARQ-ACK in the HARQ-ACK PUCCH resource ( i.e the UE does not transmit SR if it is positive). 
Agreements:
· When AN/SR and configured CSI PUCCH resources based on PF3 or 4 have the same starting symbols in a slot, when the UE determines the PUCCH resource set is based on the total number of AN/SR and CSI and the PUCCH resource based on ARI, if the PUCCH resource based on ARI for transmitting HARQ-ACK/SR and CSI is determined to PF2, 
· Drop CSI part 2 (if present). Transmit jointly encoded AN/SR and CSI part 1 on the determined PUCCH format 2 resource indicated by ARI using the mapping rules for PF2.
Agreements:
· When AN/SR and CSI PUCCH resources have the same starting symbols in a slot, for a wideband semi-persistent/periodic CSI reporting based on a PUCCH format 2, if the PUCCH resource based on ARI for transmitting HARQ-ACK/SR and CSI is based on format 3:
· CSI (only CSI part 1) is jointly encoded with HARQ-ACK/SR, following the existing procedure of encoding and mapping on resources for PUCCH format 3 or 4 to transmit the UCI.
Agreements:
· When a configured CSI PUCCH resource overlaps with one or more configured SR PUCCH resources in a slot,
· The UE multiplexes all UCIs on the CSI PUCCH resource using the corresponding UCI multiplexing rules for the overlapping PUCCH resources with the same starting symbol.
· FFS: When one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources


In this contribution, we provide our view on the remaining issues of UCI multiplexing on PUCCH.

2. Discussion
2.1. Up to two PUCCHs in a slot
In the previous meeting [1], it was agreed to limit the number of (non-overlapping) PUCCHs that can be transmitted in a slot to two. In addition, when two PUCCHs are transmitted in a slot, it is also agreed that at least one PUCCH should be based on PUCCH format 0 or 2. Regarding this limitation, the UE behavior should be specified for the case where more than two PUCCH transmission are triggered/configured in a slot for the UE. A simple way can be to define a priority rule among (non-overlapping) PUCCHs in a slot and allow transmission of up to two PUCCHs having higher priority than others. Here, if the PUCCH selected as the highest priority is PUCCH format 1 or 3 or 4, the PUCCH having the next priority should be selected from the PUCCHs based on PUCCH format 0 or 2. To be specific, the priority rule can be defined as below.
· PUCCH (including HARQ-ACK) > PUCCH (including SR) > PUCCH (including CSI)
· PUCCH (with earlier starting) > PUCCH (with later starting)
For example, assuming that there are three non-overlapping PUCCHs such as AN PUCCH with format 1, CSI PUCCH with format 2, and SR PUCCH with format 1. According to the priority rule, AN PUCCH is firstly selected and then CSI PUCCH is secondly selected since at most one long PUCCH format can be transmitted in a slot. Alternatively, it can be also considered to multiplex some UCIs even for non-overlapping PUCCHs to ensure up to two PUCCH transmission in a slot.
Proposal #1: In Rel-15 NR, up to two PUCCHs with higher priority can be transmitted in a slot by TDM manner based on the following priority rule.
· PUCCH (including HARQ-ACK) > PUCCH (including SR) > PUCCH (including CSI)
· PUCCH (with earlier starting) > PUCCH (with later starting)

2.2. Multiplexing for CSI and SR
In the previous meeting [1], it was agreed that when a configured CSI PUCCH resource overlaps with one or multiple configured SR PUCCH resources in a slot, UE multiplexes all UCIs on the CSI PUCCH resource. As an opposite case, the UCI multiplexing rule in the case where a single SR PUCCH resource is overlapped with multiple (non-overlapping) CSI PUCCH resources should also be determined. For this issue, the following two options can be considered.
· Opt. 1: SR information is multiplexed on the all overlapping CSI PUCCH resources
· Opt. 2: SR information is multiplexed on the first CSI PUCCH resource among all overlapping CSI PUCCH resources
For the Opt. 1, the SR information carried in the multiple CSI PUCCH resources may or may not be the same according to the SR status in UE at each CSI PUCCH timing.
Proposal #2: In Rel-15 NR, one of the following options are adopted for the UCI multiplexing rule when a single SR PUCCH resource overlaps with multiple CSI PUCCH resources in a slot.
· Opt. 1: SR information is multiplexed on the all overlapping CSI PUCCH resources
· Opt. 2: SR information is multiplexed on the first CSI PUCCH resource among all overlapping CSI PUCCH resources

2.3. Multiplexing for HARQ-ACK and CSI
Similar to the above case where a single SR PUCCH resource overlaps with multiple (non-overlapping) CSI PUCCH resources, it is necessary to consider a UCI multiplexing rule for the case where a single AN PUCCH resource is overlapped with multiple (non-overlapping) CSI PUCCH resources. First, if the AN PUCCH resource is semi-statically configured by higher layer signaling (e.g., AN PUCCH for SPS PDSCH), a UCI multiplexing rule similar to that applied in the section 2.2 can be applied as follows.
· Opt. 1: HARQ-ACK can be multiplexed on the all overlapping CSI PUCCH resources
· Opt. 2: HARQ-ACK can be multiplexed on the first CSI PUCCH resource among all overlapping CSI PUCCH resources
On the other hand, if AN PUCCH resources are dynamically scheduled based on DCI, multiplexed HARQ-ACK and CSI would be transmitted through (re-selected) AN PUCCH resource and different UCI multiplexing rule from the above case should be considered. For example, the following options can be considered.
· Opt. 1: Only one CSI report having highest priority can be multiplexed with HARQ-ACK
· Opt. 2: Up to J CSI reports having higher priority can be multiplexed with HARQ-ACK
For the above Opt. 2 in the second case, the value of J can be 1 or 2 according to whether multi-CSI reporting PUCCH is configured for the UE or not.
Proposal #3: In Rel-15 NR, one of the following options are adopted for the UCI multiplexing rule when a single AN PUCCH resource overlaps with multiple CSI PUCCH resources in a slot.
· Case 1: The AN PUCCH resource is semi-statically configured.
· Opt. 1: HARQ-ACK can be multiplexed on the all overlapping CSI PUCCH resources
· Opt. 2: HARQ-ACK can be multiplexed on the first CSI PUCCH resource among all overlapping CSI PUCCH resources
· Case 2: The AN PUCCH resource is dynamically scheduled.
· Opt. 1: Only one CSI report having highest priority can be multiplexed with HARQ-ACK
· Opt. 2: Up to J CSI reports having higher priority can be multiplexed with HARQ-ACK

3. [bookmark: _GoBack]Conclusion
In this contribution, we discussed on the remaining issues of UCI multiplexing on PUCCH and the following proposals were made:
Proposal #1: In Rel-15 NR, up to two PUCCHs with higher priority can be transmitted in a slot by TDM manner based on the following priority rule.
· PUCCH (including HARQ-ACK) > PUCCH (including SR) > PUCCH (including CSI)
· PUCCH (with earlier starting) > PUCCH (with later starting)
Proposal #2: In Rel-15 NR, one of the following options are adopted for the UCI multiplexing rule when a single SR PUCCH resource overlaps with multiple CSI PUCCH resources in a slot.
· Opt. 1: SR information is multiplexed on the all overlapping CSI PUCCH resources
· Opt. 2: SR information is multiplexed on the first CSI PUCCH resource among all overlapping CSI PUCCH resources
Proposal #3: In Rel-15 NR, one of the following options are adopted for the UCI multiplexing rule when a single AN PUCCH resource overlaps with multiple CSI PUCCH resources in a slot.
· Case 1: The AN PUCCH resource is semi-statically configured.
· Opt. 1: HARQ-ACK can be multiplexed on the all overlapping CSI PUCCH resources
· Opt. 2: HARQ-ACK can be multiplexed on the first CSI PUCCH resource among all overlapping CSI PUCCH resources
· Case 2: The AN PUCCH resource is dynamically scheduled.
· Opt. 1: Only one CSI report having highest priority can be multiplexed with HARQ-ACK
· Opt. 2: Up to J CSI reports having higher priority can be multiplexed with HARQ-ACK
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