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Introduction
During RAN1 #107-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
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 

Agreement
If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, support both of the following UE capabilities to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2:
· Capability #1: It is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels [FFS the overlapping channels are resultant channels after step 1]. UE performs multiplexing or dropping of PUCCHs and/or PUSCHs with different priorities according to Rel-17 rules.
· Dynamic enabling/disabling multiplexing for different priorities is not supported for Capability #1
· (Working assumption) Capability #3: Rel-17 multiplexing for different priorities is dynamically enabled/disabled in step 2. 
· Dynamic indication of enabling/disabling multiplexing for different priorities can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
· If dynamic multiplexing for different priorities is indicated as enabled for a PUCCH / PUSCH, the UE performs Rel-17 multiplexing operation using the Rel-15 timeline 
· The gNB is responsible to ensure that all the DCIs associated with all overlapping channels involved in multiplexing in step 2 meet the Rel-15 timeline for multiplexing.
· If dynamic multiplexing for different priorities is indicated as disabled for a PUCCH / PUSCH, the UE does not apply the Rel-17 intra-UE multiplexing
· If the UL channel associated with the DCI disabling multiplexing collides with another UL channel of a different priority, UE performs R16 PHY prioritization, using Rel-16 timeline. The gNB is responsible to ensure that the UE meets R16 PHY prioritization timeline. 
· If the UL channel associated with the DCI disabling multiplexing does not collide with another UL channel of a different priority, UE transmits the UL channel as is. 
· FFS: whether the UL channel associated with the DCI disabling multiplexing can collide with another UL channel of a same priority.
· UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels after the Rel-15 multiplexing deadline has passed
· FFS: UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels without any associated DCIs
· Note: demultiplexing of two previously multiplexed channels means decoupling two channels already multiplexed, dropping one channel, and multiplexing the other channel with another channel(s).
The above behaviors of Capability#3 at least apply to resolving collision of two UL channels resulting from Step 1 with different priorities. FFS: more than two UL channels.
· FFS whether dynamic indication in multiple DCIs associated with a group of overlapping channels have to be consistent
· FFS: Configuration of prioritization / multiplexing of channels without dynamic indication
· Note: Capability 3 procedure is a super-set of Capability 1 procedure
· FFS: Time unit to apply Rel-15 timeline (e.g. slot based, sub-slot based)
· FFS: The set of PUSCH and PUCCH that eligible for Rel-15 multiplexing consideration
Note: “collision” refers to overlapping PUCCHs, overlapping PUCCH and PUSCH (excluding PUSCH supporting simultaneous transmission with PUCCH), overlapping PUSCHs on a same cell.
Note: “Rel-15 multiplexing timeline” means Rel15 timeline calculation in Rel-16 spec, including all the formula and all the values for the variables
Note: “Rel-16 prioritization timeline” means Rel-16 cancellation timeline calculation in Rel-16 spec, including all the formula and all the values for the variables

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, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, 
· The CSI part 2 is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· Reuse R15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1.
· FFS for LP CSI consisting of single part.

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· At least for PUCCH format 3/4, use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation
· For PUCCH format 1, use the total UCI bit number for ∆TF,b,f,c(i) calculation.
· FFS for PUCCH format 2.

In this document, we discuss remaining details for multiplexing uplink control information (UCI) of different priorities on PUCCH and on PUSCH. 
Multiplexing UCI of different priorities in PUCCH 
According to the current Rel-17 TS 38.213 (V17.0.0), UE can multiplex high priority (HP) HARQ-ACK and low priority (LP) HARQ-ACK in a PUCCH of priority index 1. However, handling of HP scheduling request (SR) for a case that a SR PUCCH resource of priority index 1 overlaps with a HARQ-ACK PUCCH resource of priority index 0 has not been clarified. Thus, clarification on multiplexing HP SR with HARQ-ACK of different priorities or with LP HARQ-ACK is necessary.
Proposal 1: Support multiplexing of HP SR (i.e. SR with a PUCCH resource of priority index 1) with LP HARQ-ACK in a PUCCH of priority index 1.
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) 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).
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 PUCCH resource of priority index 1 for the LP HARQ-ACK, and apply Rel-15 SR/HARQ-ACK multiplexing rules based on the determined PUCCH resource of priority index 1.
Multiplexing UCI of different priorities 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 priority index 1, 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 3: 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 priority index 1, 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.
Multiplexing of CG-UCI and HARQ-ACK of different priorities in CG-PUSCH
According to the current Rel-17 TS 38.213 (V17.0.0), for a configured grant (CG) PUSCH transmission, a UE multiplexes CG-UCI in the CG PUSCH transmission if the UE is provided by betaOffsetCG-UCI a  value, from a set of values, with the mapping defined in Table 9.3-1 of TS 38.213. If the UE is provided cg-UCI-Multiplexing and multiplexes HARQ-ACK information in the PUSCH transmission, the UE jointly encodes the HARQ-ACK information and the CG-UCI and determines a number of resources for multiplexing the combined information in a PUSCH using  which provides indexes  and  for the UE to use if the UE multiplexes up to 11, and more than 11 combined information bits, respectively. 
If HARQ-ACK information to be multiplexed with CG-UCI in a CG PUSCH consists of HARQ-ACK information of different priorities, LP HARQ-ACK and HP HARQ-ACK are separately encoded to guarantee necessary reliability for different priorities. Thus, the CG-UCI should be jointly encoded with either the LP HARQ-ACK or the HP HARQ-ACK. A priority of the CG-UCI can be determined based on a priority of the CG PUSCH. That is, CG-UCI of a CG PUSCH of priority index 0 is jointly encoded with LP HARQ-ACK, while CG-UCI of a CG PUSCH of priority index 1 is jointly encoded with HP HARQ-ACK.  
Proposal 4: If UE is provided cg-UCI-Multiplexing and multiplexes HARQ-ACK of different priorities in a CG PUSCH, CG-UCI is jointly encoded with HP HARQ-ACK for the CG PUSCH of priority index 1, and CG-UCI is jointly encoded with LP HARQ-ACK for the CG PUSCH of priority index 0.
Handling of SR and CSI in PUSCH
[bookmark: _Hlk92798963]If a UE would transmit UL-SCH on a selected PUSCH of a given physical layer priority (i.e. selected for multiplexing UCI of different priorities), the UE should not only be allowed to multiplex SR of the given physical layer priority into the PUSCH of the given physical layer priority but also should be allowed to multiplex SR of a physical layer priority different than the given physical layer priority into the PUSCH. For example, the UE may multiplex HP SR bits (if any) and HARQ-ACK bits of different priorities in a PUSCH of priority index 0. HP SR and HP HARQ-ACK can be jointly encoded, while LP HARQ-ACK is encoded separately from HP UCI. 
Proposal 5: Support multiplexing of HP SR bits in a PUSCH of priority index 0, where the HP SR bits and HP HARQ-ACK bits (if any) are jointly encoded.
If a UE would transmit semi-persistent or aperiodic CSI on a selected PUSCH of priority index 1 (i.e. selected for multiplexing UCI of different priorities), the semi-persistent or aperiodic CSI is considered as HP CSI, and the UE multiplexes HP CSI with UCI of different priorities (i.e. HP HARQ-ACK and LP HARQ-ACK) in the selected PUSCH. The UE performs first encoding with HP HARQ-ACK, second encoding with HP CSI-part1, and third encoding jointly with HP CSI-part2 and LP HARQ-ACK. 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 6: If a UE would transmit HP CSI on a PUSCH of priority index 1 determined for multiplexing UCI of different priorities, the UE multiplexes HP CSI with UCI of different priorities by performing first encoding with HP HARQ-ACK, second encoding with HP CSI-part1, and third encoding jointly with HP CSI-part2 and LP HARQ-ACK.
Conclusion
In summary, we observe and propose the followings for intra-UE multiplexing enhancement for Rel-17 IIoT/URLLC:
· Proposal 1: Support multiplexing of HP SR (i.e. SR with a PUCCH resource of priority index 1) with LP HARQ-ACK in a PUCCH of priority index 1.
· 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 PUCCH resource of priority index 1 for the LP HARQ-ACK, and apply Rel-15 SR/HARQ-ACK multiplexing rules based on the determined PUCCH resource of priority index 1.
· Proposal 3: 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 priority index 1, 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 4: If UE is provided cg-UCI-Multiplexing and multiplexes HARQ-ACK of different priorities in a CG PUSCH, CG-UCI is jointly encoded with HP HARQ-ACK for the CG PUSCH of priority index 1, and CG-UCI is jointly encoded with LP HARQ-ACK for the CG PUSCH of priority index 0.
· Proposal 5: Support multiplexing of HP SR bits in a PUSCH of priority index 0, where the HP SR bits and HP HARQ-ACK bits (if any) are jointly encoded.
· Proposal 6: If a UE would transmit HP CSI on a PUSCH of priority index 1 determined for multiplexing UCI of different priorities, the UE multiplexes HP CSI with UCI of different priorities by performing first encoding with HP HARQ-ACK, second encoding with HP CSI-part1, and third encoding jointly with HP CSI-part2 and LP HARQ-ACK.

-------------------------- Start of Text Proposal for TS 38.213 ----------------------------------------------------------------
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*** Unchanged text is omitted ***
If a UE 
-	would multiplex UCI of a same priority in a PUCCH transmission that overlaps with a PUSCH transmission, and the PUCCH transmission has the same priority as the PUSCH transmission, and 
-	the PUSCH and PUCCH transmissions fulfill the conditions in clause 9.2.5 for UCI multiplexing, 
the UE 
-	multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH;
-	multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH.
If a UE 
-	is provided UCI-MuxWithDifferentPriority,
-	would multiplex UCI of different priorities in a PUCCH of priority 1 that overlaps with a PUSCH of priority 0, and 
-	the PUSCH and PUCCH transmissions fulfill the conditions in clause 9.2.5 for UCI multiplexing, 
the UE multiplexes only HARQ-ACK information and SR, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH.
If a UE
-	is provided UCI-MuxWithDifferentPriority,
-	would multiplex UCI of the same priority in a PUCCH of priority 0 that overlaps with a PUSCH of priority 1, and 
-	the PUSCH and PUCCH transmissions fulfill the conditions in clause 9.2.5 for UCI multiplexing, 
the UE multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH.
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if . 
A UE does not expect to multiplex in a PUSCH transmission or in a PUCCH transmission HARQ-ACK information that the UE would transmit in different PUCCHs. 
A UE does not expect a PUCCH resource that results from multiplexing overlapped PUCCH resources, if applicable, to overlap with more than one PUSCHs if each of the more than one PUSCHs includes aperiodic CSI reports.
*** Unchanged text is omitted ***
[bookmark: _Toc92093853]9.2.5.3	UE procedure for reporting UCI of different priorities
If a UE 
-	is provided PUCCH-ConfigurationList for PUCCH transmissions with priority 0 and 1,
-	is provided UCI-MuxWithDifferentPriority, and 
-	would transmit overlapping PUCCHs that include a PUCCH with  HARQ-ACK information bits of priority 0 and a PUCCH with  HARQ-ACK information bits of priority 1 and, if any,  PUCCHs of priority 1 for respective  SRs, or
-	would transmit overlapping PUCCHs that include a PUCCH with  HARQ-ACK information bits of priority 0 and  PUCCHs of priority 1 for respective  SRs, with 
the UE 
-	determines
-	a PUCCH resource set from the second PUCCH-Config using  as described in clause 9.2.1 or using  for PUCCH format 3 or PUCCH format 4 as described in clause 9.2.5.1, and a PUCCH resource from the PUCCH resource set as described in clause 9.2.3 where a DCI format, if any, triggers PUCCH transmission of priority 1, or
-	a PUCCH resource from the second sps-PUCCH-AN-List using  as described in clause 9.2.1 or using  for PUCCH format 3 or PUCCH format 4 as described in clause 9.2.5.1, and 
-	multiplexes the  and  HARQ-ACK information bits and, if any,  bits representing a negative or positive SR for  PUCCHs of priority 1 for respective  SRs in a same PUCCH using the PUCCH resource.
If the PUCCH resource includes PUCCH format 3 and  PRBs, the UE determines a number of  PRBs for the PUCCH transmission to be the minimum number of PRBs that starts from the first PRB from the  PRBs and results to

where  or  is a number of CRC bits, if any, for encoding the  or the  HARQ-ACK information bits, respectively,  is provided by maxCodeRateLP, and the remaining parameters are as defined in clause 9.2.5.2 with . If  is not equal to  [4, TS 38.211],  is increased to a nearest value that is equal to and does not exceed nrofPRBs.
If , the UE transmits the PUCCH over the  PRBs. If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using PUCCH format 1, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that all HARQ-ACK information bits have priority 1.
If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using PUCCH format 3 or PUCCH format 4, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that the PUCCH includes only UCI bits of priority 1, where .
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*** Unchanged text is omitted ***
[bookmark: _Hlk92800385]For a PUSCH transmission that is configured by a ConfiguredGrantConfig and includes CG-UCI, the UE multiplexes CG-UCI in the PUSCH transmission if the UE is provided by betaOffsetCG-UCI a  value, from a set of values, with the mapping defined in Table 9.3-1. If the UE is provided cg-UCI-Multiplexing and multiplexes HARQ-ACK information of a same priority in the PUSCH transmission, as described in clauses 9 and 9.2.5, the UE jointly encodes the HARQ-ACK information and the CG-UCI [5, TS 38.212] and determines a number of resources for multiplexing the combined information in a PUSCH using  which provides indexes  and  for the UE to use if the UE multiplexes up to 11, and more than 11 combined information bits, respectively. 
If the UE is provided cg-UCI-Multiplexing and multiplexes HARQ-ACK information of different priorities in the PUSCH transmission of priority 0, as described in clauses 9 and 9.2.5, the UE jointly encodes the HARQ-ACK information of priority 0 and the CG-UCI [5, TS 38.212] and separately encodes the HARQ-ACK information of priority 1 and determines a number of resources for multiplexing the combined information in a PUSCH using  and . 
If the UE is provided cg-UCI-Multiplexing and multiplexes HARQ-ACK information of different priorities in the PUSCH transmission of priority 1, as described in clauses 9 and 9.2.5, the UE jointly encodes the HARQ-ACK information of priority 1 and the CG-UCI [5, TS 38.212] and separately encodes the HARQ-ACK information of priority 0 and determines a number of resources for multiplexing the combined information in a PUSCH using  and .
-------------------------- End of Text Proposal for TS 38.213 ----------------------------------------------------------------
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