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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In RAN1#108 e-meeting, intra-UE multiplexing/prioritization are discussed and some agreements are achieved as following[1]:
[bookmark: _Hlk82682601]
Conclusion
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, reuse the same power control formula as in Rel-15. 
· No specification impacts. 

[bookmark: OLE_LINK12]In this contribution, we share our view on the remaining issues about intra-UE multiplexing and prioritization for URLLC.
2. Intra-UE multiplexing for UCI enhancements
2.1. [bookmark: _Hlk54103374]PUCCH carrying HP SR and HP HARQ-ACK with PF0/1 overlapping with a PUCCH carrying LP HARQ-ACK
The issue on HP SR and HP HARQ-ACK with PF0/1 overlapping with LP HARQ-ACK has been discussed in several meetings. In the last RAN1 meeting, a compromise proposal is proposed. 
	Proposal:
When a PUCCH carrying explicit/implicit HP SR and HP HARQ-ACK with PUCCH format 0/1 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 which are all negative or include at least one positive,
· 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.
· Option 2: 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.


It is a typical case for URLLC service using PUCCH format 0/1 carrying SR and HARQ-ACK with short format. If option 0 is applied, LP HARQ-ACK would be frequently dropped and LP service performance would be degraded. 
According to existing agreement when a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 2/3/4 overlaps with a PUCCH carrying LP HARQ-ACK, LP HARQ-ACK is multiplexed with HP UCI. It is reasonable to support multiplexing for PUCCH format 0/1 case from spec integrity perspective. Otherwise, the multiplexing LP HARQ-ACK would be only allowed for partial cases.
The resultant PUCCH resource for multiplexing HP SR, HP HARQ-ACK and LP HARQ-ACK should include PUCCH format 0. When HP SR and 1bit HP HARQ-ACK with PUCCH format 0 overlaps with 1bit LP HARQ-ACK, the PUCCH format 0 can be used to carry HP SR, HP HARQ-ACK and LP HARQ-ACK as Rel-15 mechanism. gNB implementation can avoid the potential performance degradation, for example, a higher transmitting power at UE side can be indicated by gNB.
For option 0, the potential ambiguity may occur between gNB and UE. For example, when 1 bit HP HARQ-ACK and HP SR with PUCCH format 0 overlaps with 1 bit LP HARQ-ACK and all SRs is negative, UE would treat the case as 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK. The 2 bits HARQ-ACKs (HP and LP) will use CS 0/3/6/9. If a SR is positive and LP HARQ-ACK is dropped, 1bit HP HARQ-ACK and 1bit HP SR would be transmitted based on HP PUCCH format 0 with CS 3/9. The ambiguity occurs for CS 3/9. 
For option 2, SPS HARQ-ACK configured with n1PUCCH-AN in SPS-config should be excluded because the payload size in n1PUCCH-AN would not exceed two bits. Thus, option 2 can be updated as option 2a: 
· Option 2a: 
· If HP HARQ-ACK is dynamic HARQ-ACK or SPS HARQ-ACK with SPS-PUCCH-AN-List, 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is 
· If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK is dropped.
Based on analysis above mentioned, option 2a is preferred. 
Proposal 1: When a PUCCH carrying explicit/implicit HP SR and HP HARQ-ACK with PUCCH format 0/1 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 which are all negative or include at least one positive,
· 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,
· Option 2a: 
· If HP HARQ-ACK is dynamic HARQ-ACK or SPS HARQ-ACK with SPS-PUCCH-AN-List, 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is 
· If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK is dropped.
2.2. Prioritizations for transmission power reductions
In Rel-16, when transmission power for PUSCH or PUCCH in a frequency range in a transmission occasion exceeds [image: ], UE allocates power to PUSCH/PUCCH according to priority order firstly. For PUCCH or PUSCH transmissions with same priority index, the power allocation would base on the following order   
· PUCCH/PUSCH with HARQ-ACK information, and/or SR,
· PUCCH/PUSCH with CSI information
· PUSCH only
For Rel-17 intra-UE multiplexing, UCI multiplexing on a PUSCH with different priority is supported, for example, HP HARQ-ACK on a LP PUSCH and LP HARQ-ACK on a HP PUSCH. The UE power allocation order has not been defined for these cases. 
For HP HARQ-ACK on a LP PUSCH, HP HARQ-ACK reliability should be guaranteed. Therefore, a reasonable power allocation order should take the case as the same as HP PUSCH with HP HARQ-ACK, i.e., the higher priority than HP PUSCH with CSI as well as HP PUSCH only.
Secondly, for LP HARQ-ACK on HP PUSCH, PUSCH has the higher priority than LP HARQ-ACK. The power allocation should have the same order as HP PUSCH only, i.e., lower than HP PUSCH with HP HARQ as well as HP PUSCH with HP CSI. 
Proposal 2: For HP HARQ-ACK on a LP PUSCH, power allocation order should be the same as HP PUSCH with HP HARQ-ACK. For LP HARQ-ACK on HP PUSCH, power allocation order should be the same as HP PUSCH only.
3. Conclusion
In this contribution, we discuss the enhancements to intra UE multiplexing, and the following observation and proposals are made.

Proposal 1: When a PUCCH carrying explicit/implicit HP SR and HP HARQ-ACK with PUCCH format 0/1 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 which are all negative or include at least one positive,
· 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,
· Option 2a: 
· If HP HARQ-ACK is dynamic HARQ-ACK or SPS HARQ-ACK with SPS-PUCCH-AN-List, 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is 
· If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK is dropped.
Proposal 2: For HP HARQ-ACK on a LP PUSCH, power allocation order should be the same as HP PUSCH with HP HARQ-ACK. For LP HARQ-ACK on HP PUSCH, power allocation order should be the same as HP PUSCH only.
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