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Introduction
During RAN1 #106bis-e meeting, RAN1 made following agreements regarding intra-UE multiplexing enhancement for Industrial Internet of Things (IIoT) and ultra-reliable and low latency communication (URLLC) [1]:
Agreement
The following working assumption is confirmed.
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, in case the total number of LP and HP HARQ-ACK bits is 2:
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
Agreement
For both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK and LP HARQ-ACK would be transmitted on HP/LP PUSCH without CSI, 
· HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.1 and Clause 5.3.3. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· For LP HARQ-ACK, reuse R15 Part 1 CSI rate matching and RE mapping.
Agreement
For determining the PUCCH resource to carry the multiplexed high-priority and low-priority HARQ-ACKs,
· The number of RBs for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 3 is determined as following:
· If  , the minimum number of RBs is determined as the number of , satisfying  and 
· Note:  is multiplied at both sides to avoid mismatch between gNB and UE due to floating point operation. Editor to capture as suggested.
· Otherwise, 
· Alt1: the number of RBs is . FFS: Whether/How LP HARQ-ACK is dropped.
· Alt2: the number of RBs is determined by HP ACK payload size. LP HARQ-ACK is fully dropped. 
· Other alternatives are not precluded.
· r_HP_UCI is maxCodeRate configured for HP bits and r_LP_UCI is maxCodeRate configured for LP bits in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
· FFS whether more than one maxCodeRate can be configured for one priority.
· If   is not equal to [image: ] according to [4, TS 38.211],  is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 provided by the second PUCCH-Config [12, TS 38.331].
· HP coded bits and LP coded bits are not transmitted using the same RE(s)
· FFS for PUCCH format 2.
Agreement
For collision between HP CG PUSCH and LP DG PUSCH, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to transmit the CG PUSCH and cancel the DG PUSCH at latest from the first symbol that is overlapping with the CG PUSCH.
· Note: For the DG PUSCH, it is up to UE implementation to handle OFDM symbols of the DG PUSCH before the start of HP CG PUSCH which are nonoverlapping with the HP CG PUSCH.
· FFS: How to handle the collision when there is repetition for CG and/or DG PUSCH

In this document, we discuss remaining details for multiplexing UCI of different priorities on PUCCH and on 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., HP HARQ-ACK for SPS PDSCH). 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 HP SR and the 1-bit HP HARQ-ACK according to Rel-15 rules (i.e. Subclause 9.2.5.1 of TS 38.213 [2]) and secondly, multiplex the 1-bit LP HARQ-ACK with the HP UCI (i.e. HP HARQ-ACK and HP SR if the determined PUCCH resource is PF0; HP HARQ-ACK if the determined PUCCH resource is PF1) in the determined PUCCH resource with treating the 1-bit LP HARQ-ACK as a HP HARQ-ACK bit. 
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 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 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
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 n, 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 3: 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 4: 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
For handling overlapping (in time domain) PUCCHs/PUSCHs with different priorities, after a UE resolves overlapping PUCCHs and/or PUSCHs with the same priority, the UE may have to transmit HP UCI and LP UCI, respectively, in overlapping PUCCHs of different priorities, overlapping PUSCH(s) and PUCCH(s) of different priorities, or overlapping PUSCHs of different priorities. If the UE would transmit HP UCI and LP UCI in the overlapping PUSCH(s) and PUCCH(s) of different priorities or in the overlapping PUSCHs of different priorities and if the PUSCH(s) includes at least one HP PUSCH, the UE selects a PUSCH to multiplex the HP UCI and the LP UCI from the HP PUSCH(s). If the PUSCH(s) only includes a LP PUSCH(s), the UE selects a PUSCH to multiplex the HP UCI and the LP UCI from the LP PUSCH(s). If the PUSCH(s) includes multiple HP PUSCHs (or multiple LP PUSCHs), a PUSCH to multiplex the HP UCI and the LP UCI is selected from the multiple HP PUSCHs (or from the multiple LP PUSCHs) according to Rel-15 PUSCH selection rules.  
[bookmark: _Hlk86961810]Proposal 5: If UE would transmit HP UCI and LP UCI in overlapping PUSCH(s) and PUCCH(s) of different priorities or in overlapping PUSCHs of different priorities after resolving overlapping PUCCHs and/or PUSCHs with the same priority, a PUSCH to multiplex the HP UCI and the LP UCI is selected from
· HP PUSCH(s) if the PUSCH(s) includes at least one HP PUSCH,
· LP PUSCH(s) if the PUSCH(s) only includes LP PUSCH(s).
The PUSCH to multiplex the HP UCI and the LP UCI is selected from multiple HP PUSCHs (or from multiple LP PUSCHs) 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 6: 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), the UE may multiplex the semi-persistent or aperiodic CSI with the mixed priority UCI 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, CSI) and LP UCI (e.g. LP HARQ-ACK, CSI) in the selected PUSCH, the UE may perform encoding as follows:
· 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 with HP HARQ-ACK, second encoding jointly with LP HARQ-ACK/LP CSI-part1, and third encoding 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, second encoding with HP CSI-part1, and third encoding jointly with LP HARQ-ACK/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 7: If a UE would transmit semi-persistent or aperiodic CSI on a PUSCH determined for multiplexing mixed priority UCI, the UE multiplexes the semi-persistent or aperiodic CSI with the mixed priority UCI of 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 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 3: 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 4: 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 5: If UE would transmit HP UCI and LP UCI in overlapping PUSCH(s) and PUCCH(s) of different priorities or in overlapping PUSCHs of different priorities after resolving overlapping PUCCHs and/or PUSCHs with the same priority, a PUSCH to multiplex the HP UCI and the LP UCI is selected from
· HP PUSCH(s) if the PUSCH(s) includes at least one HP PUSCH,
· LP PUSCH(s) if the PUSCH(s) only includes LP PUSCH(s).
The PUSCH to multiplex the HP UCI and the LP UCI is selected from multiple HP PUSCHs (or from multiple LP PUSCHs) according to Rel-15 PUSCH selection rules.
· Proposal 6: 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 7: If a UE would transmit semi-persistent or aperiodic CSI on a PUSCH determined for multiplexing mixed priority UCI, the UE may multiplex the semi-persistent or aperiodic CSI with the mixed priority UCI in the PUSCH.
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