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1. Introduction
In RAN1#109-e, following agreements and conclusions were made on the support of intra-UE multiplexing in Rel-17 [1]. 

	Agreement
Update the transmission power allocation order for Rel-17 if UE is configured with UCI-MuxWithDifferentPriority:
· LP PUSCH with HP HARQ-ACK should be of the same priority as HP PUSCH with HP HARQ-ACK, i.e., higher than HP PUSCH with CSI, as well as HP PUSCH only.
· HP PUSCH with LP HARQ-ACK only should have the same priority as HP PUSCH without UCI, i.e., lower than HP PUSCH with HP HARQ-ACK, as well as HP PUSCH with CSI.

Conclusion
A UE can be configured with both UCI-MuxWithDifferentPriority and UplinkCancellation.
· No special handling for LP PUSCH multiplexed with HP UCI

Agreement
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, if HP PUCCH resource carrying HARQ-ACK and all negative SR(s) overlaps with LP PUSCH, HP HARQ-ACK is multiplexed in LP PUSCH and all negative HP SR(s) are dropped.

Agreement
For the scenarios where multiplexing low-priority HARQ-ACK onto high-priority PUSCH, down-select from the options:
· Option 2: LP HARQ-ACKs are mapped to the rest REs of the PUSCH based on the rate matching equation, if HP HARQ-ACK and/or HP CSI have been mapped in prior on the PUSCH. 

Agreement
The text proposal in Section 6 of R1-2205306 is endorsed for the editor’s CR on TS28.213 (Clause 9.2.5.3). 

Agreement
When cg-UCI-Multiplexing is enabled, for PUSCH with CG UCI multiplexing with HARQ-ACK, if any,
· CG-UCI has the same priority as the PUSCH.
· Treat the CG-UCI of a certain priority as if a HARQ-ACK of the same priority.
· Joint encode CG-UCI with HARQ-ACK of the same priority if it exists.
· Then reuse the existing multiplexing rules.

Conclusion
For multiplexing HP HARQ-ACKs and LP HARQ-ACKs, it is confirmed that current specification is interpreted as the following. 
· The PRI in the lastly received DCI (if exist), which schedules a HP HARQ-ACK involved in the multiplexing, is used to select the PUCCH resource to transmit the multiplexed UCI payload. 
· Note: No spec update is needed



In this contribution, we discuss and provide our views on the remaining issues for supporting intra-UE multiplexing in Rel-17.

2. Remaining issues on Intra-UE multiplexing

· Issue 1: Multiplexing between HP SR + HP AN with PF0/1 and LP AN PUCCH
During RAN1#109-e, it was discussed on how to multiplex/resolve the overlapping between HP SR + HP HARQ-ACK with PF0/1 and LP HARQ-ACK PUCCH. In the 6th round discussion, two options (Options 0 and 2) were listed as the following.

	Proposal for 6th round discussion:
When a PUCCH carrying explicit/implicit HP SR and HP HARQ-ACK, for HP SR with F1 and HP HARQ-ACK with F0/F1, and HP SR with F0 and HP HARQ-ACK with F0 overlaps with a PUCCH carrying LP HARQ-ACK, where the original PUCCH carrying the HP HARQ-ACK before Step 1 overlaps with K HP SRs , K>=1
· In Step 1, 1-bit HP SR is multiplexed to HP HARQ-ACK bits (based on Rel-15 rules) for determining the resultant PUCCH resource. 
· Note: The description of Step 1 here is only for information purpose, which has no spec impact.
· In Step 2, down-select from the two options:
· Option 0: LP HARQ-ACK is dropped when colliding with a PUCCH with HP HARQ-ACK and positive SR. UE behaviour is the same as a PUCCH with LP HARQ-ACK colliding with a PUCCH with HP HARQ-ACK without SR.
· Option 2: 
· [If the HP HARQ-ACK is using a PUCCH resource provided by PUCCH-ResourceSet or SPS-PUCCH-AN-List,] 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is 
· The resultant PUCCH resource for multiplexing HP SR + HP HARQ-ACK + LP HARQ-ACK is either of PF2, PF3, or PF4.
· [If HP HARQ-ACK is using a PUCCH resource provided by n1PUCCH-AN, the LP HARQ-ACK is dropped.]



In case of Option 2 in above, even only with 1-bit HP HARQ-ACK and 1-bit LP HARQ-ACK, total UCI size becomes 3-bit (even though actual HARQ-ACK is 2-bit) and the 3-bit needs to be multiplexed on PF2/3/4, which is quite different from Rel-15/16 where SR and 2-bit HARQ-ACK are multiplexed on PF0/1. Thus, it would cause significant change/impact to Rel-15/16 PUCCH multiplexing framework (and relevant UE/gNB implementations) as well as increase of PUCCH resource overhead.
Moreover, in case with Option 2, UCI multiplexing behavior would become very complicated from UE perspective since whether or not to multiplex LP HARQ-ACK and which PUCCH format is used for the multiplexing would be different according to whether HP HARQ-ACK is SPS HARQ-ACK and which SPS PUCCH configuration is provided, even for the same number of HP+LP HARQ-ACK bits.

[bookmark: _GoBack]For the above reasons, Option 0 is preferred and reasonable for unified handling to any cases. By the way, the sentence “ UE behaviour is the same as a PUCCH with LP HARQ-ACK colliding with a PUCCH with HP HARQ-ACK without SR” in yellow under the Option 0, need to be removed since it seems unclear. If some clarification on the UE behavior is necessary, the following conclusion which was commented during RAN1#109-e can be agreed.

Proposed conclusion (if necessary):
· If a HP PUCCH with HARQ-ACK overlaps with at least one HP PUCCH with negative SR and the HP PUCCH with HARQ-ACK does not overlap with a HP PUCCH with positive SR in Step 1, if the HP PUCCH with HARQ-ACK overlaps with a LP PUCCH with HARQ-ACK in Step 2, UE behaviour is the same as if the HP PUCCH with HARQ-ACK does not overlap with any HP PUCCH with SR in Step 1.

Proposal #1: Support Option 0 for unified handling to any cases related to multiplexing between HP SR + HP HARQ-ACK with PUCCH format 0/1 and LP HARQ-ACK PUCCH. 
· Option 0: LP HARQ-ACK is dropped when colliding with a PUCCH with HP HARQ-ACK and positive SR.

· Issue 2: Multiplexing between HP SPS A/N PUCCH and LP A/N PUCCH
During RAN1#109-e, it was discussed on how to multiplex/resolve the overlapping between HP SPS HARQ-ACK PUCCH and LP HARQ-ACK PUCCH. In the 5th round discussion, following proposal was made based on the majority’s support (but not finally agreed).

	Proposal for 5th round discussion:
For resolving collision of two overlapping PUCCHs with different priorities in R17, if a HP PUCCH with SPS PDSCH HARQ-ACK only overlaps with a LP PUCCH with HARQ-ACK and sps-PUCCH-AN-List is not provided in the second PUCCH-config, the LP PUCCH is dropped.



Considering at least Rel-17 UEs without capability of sps-PUCCH-AN-List, the proposal in above is reasonable way of specifying the relevant UE behavior. Moreover, it should be noted that the case where HP SPS activation DCI comes later than LP PDSCH scheduling DCI and the HP SPS HARQ-ACK corresponding to the first HP SPS PDSCH is overlapped with the LP HARQ-ACK corresponding to the LP PDSCH, would not be corner case.

Proposal #2: Support the following UE behaviour for multiplexing/resolving the overlapping between HP SPS HARQ-ACK PUCCH and LP HARQ-AC PUCCH.
· If a HP PUCCH with SPS PDSCH HARQ-ACK only overlaps with a LP PUCCH with HARQ-ACK and sps-PUCCH-AN-List is not provided in the second PUCCH-config, the LP PUCCH is dropped.

3. Conclusions
In this contribution, the remaining issues on intra-UE multiplexing on PUCCH were discussed, and the followings are proposed.

Proposal #1: Support Option 0 for unified handling to any cases related to multiplexing between HP SR + HP HARQ-ACK with PUCCH format 0/1 and LP HARQ-ACK PUCCH. 
· Option 0: LP HARQ-ACK is dropped when colliding with a PUCCH with HP HARQ-ACK and positive SR.

Proposal #2: Support the following UE behaviour for multiplexing/resolving the overlapping between HP SPS HARQ-ACK PUCCH and LP HARQ-AC PUCCH.
· If a HP PUCCH with SPS PDSCH HARQ-ACK only overlaps with a LP PUCCH with HARQ-ACK and sps-PUCCH-AN-List is not provided in the second PUCCH-config, the LP PUCCH is dropped.
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