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Introduction
During RAN1 #105-e meeting, RAN1 made following agreements regarding intra-UE multiplexing enhancement for Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) [1]:
Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, 
· For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding. Down-select from the two options:
· Option 1: Reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.
· Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.
· For HP HARQ-ACK or LP HARQ-ACK >2 bit(s), HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.3.3 or Clause 5.3.1.
· FFS rate matching equation and RE mapping rules for PF2/3/4. Rel-15 is baseline if available.
 
Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2, treat the two bits as HARQ-ACK bits with High priority.
·           Rel-15 design (for PF0 and PF1) is baseline.
·           Note: QC has strong concern on above scheme. The scheme cannot provide unequal error protection between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. QC accept the scheme for the sake of progress in RAN 1 with the concern on the performance reserved.

In this document, we discuss further details for multiplexing UCI of different priorities on PUCCH and on PUSCH, such as determination of a PUCCH resource for mixed priority UCI, determination of the number of PRBs for PUCCH with mixed priority UCI, determination of a PUSCH resource for mixed priority UCI, and handling of SR and CSI in PUSCH. 
Multiplexing mixed priority UCI in PUCCH 
Multiplexing mixed priority UCI in PUCCH formats 0/1
When a UE multiplexes 1-bit HP HARQ-ACK and 1-bit LP HARQ-ACK without SR in a PUCCH resource of PUCCH format 0 or 1 (PF0 or PF1) in a slot/sub-slot, the PUCCH resource can be determined based on 
· [bookmark: _Hlk68563565]a PUCCH resource indicator (PRI) in a DCI format that indicates the slot/sub-slot for the PUCCH transmission and a higher priority index (e.g. the priority indicator field of the DCI format set to 1), or
· a PRI in a DCI format indicating the slot/sub-slot for the PUCCH transmission and a lower priority index, if no DCI format indicating a higher priority index is detected, or
· a PUCCH resource configured for UCI of mixed priorities for up to 2 HARQ-ACK bits, when there is no corresponding DCI format.
Since both the HP HARQ-ACK bit and the LP HARQ-ACK bit are treated as HARQ-ACK bits with high priority, the PUCCH resource is selected from a PUCCH resource set configured by the second PUCCH-Config associated with HARQ-ACK codebook of a higher priority index, even when no DCI format indicating the higher priority index is detected (e.g., when multiplexing with HP positive SR). Further, the UE may receive configuration of a list of PUCCH resources to be used for transmitting UCI of mixed priorities including HARQ-ACK when there is no corresponding DCI format, where the list of PUCCH resources is configured by the second PUCCH-Config.    
If overlapping PUCCH transmissions of a HP SR, 1-bit HP HARQ-ACK, and 1-bit LP HARQ-ACK from a UE would occur in a slot/sub-slot, the UE may, first, determine a PUCCH resource for multiplexing the 1-bit LP HARQ-ACK and the 1-bit HP HARQ-ACK and secondly, multiplex the HP SR (i.e. a positive SR) and HARQ-ACK of mixed priorities according to Rel-15 rules (i.e. Subclause 9.2.5.1 of TS 38.213 [2]) based on the determined PUCCH resource and the HP SR resource. 
If overlapping PUCCH transmissions of a HP SR (i.e. a positive SR) and 1- or 2-bit LP HARQ-ACK from a UE would occur in a slot/sub-slot, the UE may, first, treat the LP HARQ-ACK as HP HARQ-ACK bit(s) and determine a HP PUCCH resource for the LP HARQ-ACK from a PUCCH resource set configured by the second PUCCH-Config associated with HARQ-ACK codebook of a higher priority index. Secondly, the UE may multiplex the HP SR and the LP HARQ-ACK based on the HP SR resource and the re-determined HP PUCCH resource according to Rel-15 rules (i.e. Subclause 9.2.5.1 of TS 38.213 [2]).
[bookmark: _Hlk79147963]Proposal 1: A PUCCH resource for multiplexing UCI of mixed priorities including HARQ-ACK is selected from a PUCCH resource set configured by the second PUCCH-Config, based on:
· a last DCI format indicating a higher priority index, or
· a last DCI format if no DCI format indicating a higher priority index is detected, or
· a PUCCH resource configured for UCI of mixed priorities for a given UCI size range, when there is no corresponding DCI format.
Proposal 2: For multiplexing a HP SR, 1-bit HP HARQ-ACK, and 1-bit LP HARQ-ACK into a PUCCH, first, determine a PUCCH resource for multiplexing the 1-bit LP HARQ-ACK and the 1-bit HP HARQ-ACK and secondly, multiplex the HP SR (i.e. a positive SR) and HARQ-ACK of mixed priorities according to Rel-15 SR/HARQ-ACK multiplexing rules.
Proposal 3: For multiplexing a HP SR and 1- or 2-bit LP HARQ-ACK into a PUCCH, treat the LP HARQ-ACK as HARQ-ACK bits with high priority, determine a HP PUCCH resource for the LP HARQ-ACK, and apply Rel-15 SR/HARQ-ACK multiplexing rules based on the determined HP PUCCH resource.
Multiplexing mixed priority UCI in PUCCH formats 2/3/4
When a UE would transmit HP UCI in a PUCCH of higher priority index that would overlap in time with a transmission of a PUCCH of lower priority index including LP HARQ-ACK and when the total number of UCI bits is larger than 2, the UE determines a PUCCH resource of a PUCCH configuration with PUCCH format 2 or PUCCH format 3 for multiplexing at least a part of LP UCI with the HP UCI, based on
· a last DCI format among DCI formats that indicates the slot/sub-slot for the PUCCH transmission and a higher priority index (e.g. the priority indicator field of the DCI format set to 1), or
· a last DCI format among DCI formats indicating the slot/sub-slot for the PUCCH transmission and a lower priority index, if no DCI format indicating a higher priority index is detected, or
· a PUCCH resource configured for UCI of mixed priorities for a given UCI size range, when there is no corresponding DCI format
Further, the UE can determine the number of PRBs of the PUCCH resource by selecting the minimum number  of the  PRBs satisfying
, where
·  and  are the number of multiplexed HP UCI bits and the number of HP UCI CRC bits, respectively, for transmission on a PUCCH carrying multiplexed UCI bits of mixed priorities. If the payload size is not larger than a threshold value (e.g. 11 bits), CRC bits may not be attached.
·  and  are the number of multiplexed LP UCI bits and the number of LP UCI CRC bits, respectively, for transmission on a PUCCH carrying multiplexed UCI bits of mixed priorities. If the payload size is not larger than a threshold value (e.g. 11 bits), CRC bits may not be attached.
·  is the configured maximum number of PRBs for PUCCH format 2 or PUCCH format 3. 
·  is the configured maximum PUCCH coding rate for HP UCI.
·  is the configured maximum PUCCH coding rate for LP UCI.
·  is the number of PUCCH symbols used for UCI transmission (excluding a number of symbols used for DM-RS transmission for PUCCH format 3 or for PUCCH format 4) in a PUCCH.
·  is the modulation order of a PUCCH. 
·  is the number of effective subcarriers per resource block, taking into account a spreading overhead or DMRS overhead.
The UE may receive information of one nrofPRBs value for a corresponding PUCCH format (e.g. PUCCH format 2, PUCCH format 3) of the PUCCH configuration, for the multiplexed HP and LP UCI bits. With separate encoding of HP UCI and LP UCI, if UE receives information of separate values of maxCodeRate, a first value for HP UCI and a second value for LP UCI in the PUCCH configuration, the UE may apply corresponding maxCodeRate values to determine the number of REs required for the HP UCI and the number of REs for the multiplexed LP UCI, respectively. If UE receives information of one value of maxCodeRate, the UE may assume that the one value of maxCodeRate is applicable to both the HP UCI and the multiplexed LP UCI.
Proposal 4: Support indicating two values of maxCodeRate, a first value for HP UCI and a second value for LP UCI in a PUCCH configuration corresponding to a high priority index, in order to support different coding rates for HP UCI and LP UCI that are multiplexed in a PUCCH. 
If the number of mixed UCI bits satisfies the following (i.e. the total payload consisting of LP UCI and HP UCI is larger than a supportable payload based on configured parameters of the maximum code rates and the maximum number of PRBs), the UE may not multiplex LP UCI with HP UCI in the PUCCH resource at all. 

That is, UE may determine whether to multiplex LP UCI (i.e. at least LP HARQ-ACK) in a PUCCH resource of PUCCH format 2, 3, or 4 of higher priority index, based on
· whether the total payload consisting of LP UCI and HP UCI is less than a supportable payload based on configured parameters of the maximum code rate(s) and the maximum number of PRBs of a given PUCCH format; and/or
· whether the PUCCH of lower priority index carrying LP UCI is confined within a sub-slot where the transmission of the PUCCH of higher priority index would occur.
For the case that LP HARQ-ACK is not multiplexed with HP UCI due to the large payload size, if the PUCCH of lower priority index carrying LP HARQ-ACK is not confined within the sub-slot (e.g. sub-slot n) where the transmission of the PUCCH of higher priority index carrying HP UCI would occur, the UE may further determine a separate PUCCH resource for LP HARQ-ACK that would not overlap (e.g., in time) with the PUCCH of higher priority index for HP UCI and performs a separate transmission on the separate PUCCH resource.
For example, the separate PUCCH resource for LP HARQ-ACK is in a sub-slot (e.g. sub-slot n+x, where x is a positive integer) following the sub-slot where the transmission of the PUCCH of higher priority index occurs. If the PUCCH of low priority index overlaps with a transmission of another PUCCH of higher priority index for another HP UCI in the next sub-slot (e.g. sub-slot n+1), decision for multiplexing may be based on the total UCI payload size in sub-slot (n+1) and/or whether the PUCCH of lower priority index is confined within the sub-slot (n+1). Thus, the UE can handle the case that the PUCCH of lower priority index overlaps in time with more than one PUCCH of higher priority index. 
Proposal 5: UE determines whether to multiplex LP HARQ-ACK with HP UCI in a PUCCH resource of PUCCH format 2, 3, or 4 of higher priority index, based on the total UCI payload size and configured max. code rate/max PRB parameters.
Proposal 6: If LP HARQ-ACK not multiplexed due to payload size limitation, UE can further check possible multiplexing in the next sub-slot, unless a PUCCH of low priority index for LP HARQ-ACK is limited up to a current sub-slot.  
Multiplexing mixed priority UCI in PUSCH 
PUSCH resource determination
When a UE would transmit HP UCI and LP UCI in overlapping (in time domain) PUCCHs, respectively, and when a PUCCH resource determined to multiplex HP UCI and at least a part of LP UCI overlaps in time with one or multiple PUSCHs, the UE multiplexes the HP UCI and the LP UCI into a PUSCH of the one or multiple PUSCHs. If the one or multiple PUSCHs include at least one HP PUSCH (i.e. a PUSCH of a higher physical layer priority index), the PUSCH is selected from the at least one HP PUSCH. If the one or multiple PUSCHs consist of only LP PUSCHs (i.e. PUSCHs of a lower physical layer priority index), the PUSCH is selected from the LP PUSCHs according to Rel-15 PUSCH selection rules.  
Proposal 7: If a PUCCH resource to multiplex HP UCI and LP UCI overlaps in time with one or multiple PUSCHs including at least one HP PUSCH, a PUSCH to multiplex the HP UCI and the LP UCI is selected from the at least one HP PUSCH.
Proposal 8: If a PUCCH resource to multiplex HP UCI and LP UCI overlaps in time with one or multiple PUSCHs without at least one HP PUSCH, a PUSCH to multiplex the HP UCI and the LP UCI is selected according to Rel-15 PUSCH selection rules.
Handling of SR and CSI
If a UE would transmit UL-SCH on a selected PUSCH of a given physical layer priority (i.e. selected for multiplexing mixed priority UCI of PUCCH), the UE may not multiplex SR of the given physical layer priority into the PUSCH of the given physical layer priority but may multiplex SR of a physical layer priority different than the given physical layer priority into the PUSCH. For example, the UE may jointly encode SR and HARQ-ACK of the priority index 0 and multiplex them in the PUSCH of the priority index 1. 
Proposal 9: UE does not multiplex SR of a given physical layer priority into a PUSCH of the given physical layer priority but may multiplex SR of a physical layer priority different than the given physical layer priority into the PUSCH.
If a UE would transmit semi-persistent or aperiodic CSI on a selected PUSCH of a given physical layer priority (i.e. selected for multiplexing mixed priority UCI of PUCCH), the UE may multiplex the semi-persistent or aperiodic CSI with the mixed priority UCI of PUCCH in the selected PUSCH. The priority of the semi-persistent or aperiodic CSI is determined based on the priority of the selected PUSCH. When multiplexing HP UCI (e.g. HP HARQ-ACK, SR, CSI, and/or CG-UCI) and LP UCI (e.g. LP HARQ-ACK, SR, CSI, and/or CG-UCI) in the selected PUSCH, the following alternatives to encode mixed priority UCI can be considered:
· Alt 1: the UE performs first encoding jointly with HP HARQ-ACK/SR/CG-UCI, second encoding jointly with LP HARQ-ACK/SR/CG-UCI, and third encoding with CSI (including both CSI-part1 and CSI-part2, if CSI consists of two parts); 
· Alt 2: 
· If the semi-persistent or aperiodic CSI is of a lower physical layer priority (i.e. PUSCH of priority index 0), the UE performs first encoding jointly with HP HARQ-ACK/SR, second encoding jointly with LP HARQ-ACK/CG-UCI/LP CSI-part1, and third encoding jointly with LP CSI-part2.    
· If the semi-persistent or aperiodic CSI is of a higher physical layer priority (i.e. PUSCH of priority index 1), the UE performs first encoding jointly with HP HARQ-ACK/CG-UCI, second encoding with HP CSI-part1, and third encoding jointly with LP HARQ-ACK/SR/HP CSI-part2.    
The UE performs rate-matching of coded bits according to the resource allocation priority order of 1st priority for first bits from the first encoding, 2nd priority for second bits from the second encoding, and 3rd priority for third bits from the third encoding.  
Proposal 10: If a UE would transmit semi-persistent or aperiodic CSI on a PUSCH determined for multiplexing mixed priority UCI of PUCCH, the UE may multiplex the semi-persistent or aperiodic CSI with the mixed priority UCI of PUCCH in the PUSCH.
Proposal 11: Further study encoding and rate-matching when multiplexing semi-persistent/aperiodic CSI of a PUSCH with mixed priority UCI of a PUCCH in the PUSCH.
Conclusion
In summary, we observe and propose the followings for intra-UE multiplexing enhancement for Rel-17 IIoT/URLLC:
· Proposal 1: A PUCCH resource for multiplexing UCI of mixed priorities including HARQ-ACK is selected from a PUCCH resource set configured by the second PUCCH-Config, based on:
· a last DCI format indicating a higher priority index, or
· a last DCI format if no DCI format indicating a higher priority index is detected, or
· a PUCCH resource configured for UCI of mixed priorities for a given UCI size range, when there is no corresponding DCI format.
· Proposal 2: For multiplexing a HP SR, 1-bit HP HARQ-ACK, and 1-bit LP HARQ-ACK into a PUCCH, first, determine a PUCCH resource for multiplexing the 1-bit LP HARQ-ACK and the 1-bit HP HARQ-ACK and secondly, multiplex the HP SR (i.e. a positive SR) and HARQ-ACK of mixed priorities according to Rel-15 SR/HARQ-ACK multiplexing rules.
· Proposal 3: For multiplexing a HP SR and 1- or 2-bit LP HARQ-ACK into a PUCCH, treat the LP HARQ-ACK as HARQ-ACK bits with high priority, determine a HP PUCCH resource for the LP HARQ-ACK, and apply Rel-15 SR/HARQ-ACK multiplexing rules based on the determined HP PUCCH resource.
· Proposal 4: Support indicating two values of maxCodeRate, a first value for HP UCI and a second value for LP UCI in a PUCCH configuration corresponding to a high priority index, in order to support different coding rates for HP UCI and LP UCI that are multiplexed in a PUCCH.
· Proposal 5: UE determines whether to multiplex LP HARQ-ACK with HP UCI in a PUCCH resource of PUCCH format 2, 3, or 4 of higher priority index, based on the total UCI payload size and configured max. code rate/max PRB parameters.
· Proposal 6: If LP HARQ-ACK not multiplexed due to payload size limitation, UE can further check possible multiplexing in the next sub-slot, unless a PUCCH of low priority index for LP HARQ-ACK is limited up to a current sub-slot.  
· Proposal 7: If a PUCCH resource to multiplex HP UCI and LP UCI overlaps in time with one or multiple PUSCHs including at least one HP PUSCH, a PUSCH to multiplex the HP UCI and the LP UCI is selected from the at least one HP PUSCH.
· Proposal 8: If a PUCCH resource to multiplex HP UCI and LP UCI overlaps in time with one or multiple PUSCHs without at least one HP PUSCH, a PUSCH to multiplex the HP UCI and the LP UCI is selected according to Rel-15 PUSCH selection rules.
· Proposal 9: UE does not multiplex SR of a given physical layer priority into a PUSCH of the given physical layer priority but may multiplex SR of a physical layer priority different than the given physical layer priority into the PUSCH.
· Proposal 10: If a UE would transmit semi-persistent or aperiodic CSI on a PUSCH determined for multiplexing mixed priority UCI of PUCCH, the UE may multiplex the semi-persistent or aperiodic CSI with the mixed priority UCI of PUCCH in the PUSCH.
· Proposal 11: Further study encoding and rate-matching when multiplexing semi-persistent/aperiodic CSI of a PUSCH with mixed priority UCI of a PUCCH in the PUSCH.
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