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Introduction
In RAN1 #107-e, intra-UE multiplexing/prioritization for Rel-17 URLLC was agreed with following agreements:
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. 
Agreement
For the overlapping between LP CG and HP DG, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. 
· On top of Rel-16 cancellation time (N2+d1) for PUCCH/PUCCH or PUCCH/PUSCH collision, additional time d3 is needed (which results N2+d1+d3 in total cancellation time) for LP CG-PUSCH and HP DG-PUSCH collision resolution.
· (Working assumption) d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.
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 RAN #94-e, it was agreed that RAN1 should focus on the discussions on Capabilility#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework. In this contribution, we show our views on the remaining issues of Rel-17 intra-UE multiplexing/prioritization.
Discussion
Framework 
(1) Timeline
The resultant channels after step 1 should satisfy Rel-15 multiplexing timeline. We propose that the resultant channel after step 2.1 is considered as a HP PUCCH. To avoid recursive step 1, the resultant channels after step 2.1 carrying both HP UCI and LP UCI is not expected to be overlapped with another HP PUCCH/PUSCH.
Furthermore, considering dedicated cancellation timelines are used for both Rel-16 handling the overlapping between PUSCHs with different priorities in one cell and Rel-17 handling the overlapping between CG PUSCH and DG PUSCH in one cell, we prefer that during the procedure of handling overlapping PUCCHs/PUSCHs with different priorities, a UE does not expect the overlapping between PUSCHs in one cell.
Proposal 1: The resultant channels after step 1 should satisfy Rel-15 multiplexing timeline.
Proposal 2: The resultant channels after step 2.1 carrying both HP UCI and LP UCI is not expected to be overlapped with another HP PUCCH/PUSCH.
Proposal 3: During the procedure of handling overlapping PUCCHs/PUSCHs with different priorities, a UE does not expect the overlapping between PUSCHs in one cell.

(2) One PUCCH overlaps with multiple PUCCHs
In Step 2.1, if multiple HP PUCCHs overlap with a LP PUCCH, the LP PUCCH is multiplexed with the first HP PUCCH. On the other hand, a UE does not expect a HP PUCCH overlaps with multiple LP PUCCHs.
As discussed in section 2.3, when a PUCCH carrying HP HARQ-ACK and HP SR overlaps with a PUCCH carrying LP HARQ-ACK, in step 2.1, UE determines K (K≥1) PUCCHs semi-statically configured for K HP SRs overlapping with the original PUCCH carrying the HP HARQ-ACK, and the K HP SRs are multiplexed with HP HARQ-ACK and LP HARQ-ACK. 
Proposal 4: In step 2.1, if multiple HP PUCCHs overlap with a LP PUCCH, the LP PUCCH is multiplexed with the first HP PUCCH.
Proposal 5: In step 2.1, a UE does not expect a HP PUCCH overlaps with multiple LP PUCCHs.
Proposal 6: When a PUCCH carrying HP SR and HP HARQ-ACK overlaps with a PUCCH carrying LP HARQ-ACK, in step 2.1, UE determines K (K≥1) PUCCHs semi-statically configured for K HP SRs overlapping with the original PUCCH carrying the HP HARQ-ACK, and the K HP SRs are multiplexed with HP HARQ-ACK and LP HARQ-ACK.

(3) Selection of PUSCH in step 2.2
In step 2.2, if an input PUCCH carrying HP UCI (including HP UCI only or both HP UCI and LP UCI) overlaps with multiple LP PUSCHs, to guarantee both the reliability and latency of HP UCI, we propose the selection of a PUSCH for UCI multiplexing can be enhanced, and the following priorities can be considered:
· Step 2.2.1: DG PUSCH > CG PUSCH;
· Step 2.2.2: PUSCH(s) with earliest ending among the PUSCH(s) determined from step 1;
· Step 2.2.3: The PUSCH of the serving cell with the smallest ServCellIndex among the PUSCH(s) determined from step 2.
Proposal 7:  In step 2.2, if an input PUCCH carrying HP UCI (including HP UCI only or both HP UCI and LP UCI) overlaps with multiple LP PUSCHs, a PUSCH is selected for multiplexing based on the following priorities:
· Step 1: DG PUSCH > CG PUSCH;
· Step 2: PUSCH(s) with earliest ending among the PUSCH(s) determined from step 1;
· Step 3: The PUSCH of the serving cell with the smallest ServCellIndex among the PUSCH(s) determined from step 2.

PUCCH Format 2
In Rel-15, PUCCH format 2 cannot be used for multiplexing of HARQ-ACK and CSI. Considering the latency requirement of HP HARQ-ACK, we prefer that PUCCH format 2 can be used for multiplexing of HP HARQ-ACK and LP HARQ-ACK in Rel-17. The procedures for PUCCH format 3/4 can be directly reused by PUCCH format 2, almost no additional impact on both UE implementation and specification. 
On the other hand, if PUCCH format 2 does not support multiplexing of UCIs with different priorities, additional specific work may be needed. For example, if a PUCCH resource with PF 2 is determined by a UE for multiplexing, UE behavior needs to be clarified.
Proposal 8: PUCCH format 2 can be used for multiplexing of UCIs with different priorities.

Multiplexing of HP SR/SPS HARQ-ACK and LP HARQ-ACK
(1) Case 1: A PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1.
Multiple options were proposed and discussed for a long time, in this stage we propose to support a unified solution for this case, i.e.:
· For positive HP SR, transmit LP HARQ-ACK on the SR PUCCH resource.
· For negative HP SR, transmit LP HARQ-ACK on the HARQ-ACK PUCCH resource.
(2) Case 2: A PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF 2/3/4.
In this case, LP HARQ-ACK cannot be transmitted on HP SR PUCCH resource. In order to avoid additional specific work, we propose that multiplexing of HP SR and LP HARQ-ACK with more than 2 bits are not supported in Rel-17. 
(3) Case: 3: A PUCCH carrying HP dynamic HARQ-ACK and HP SR overlaps with a PUCCH carrying LP HARQ-ACK.


PUCCH resource set determination is based on the total payload size of HP SR, HP dynamic HARQ-ACK and LP HARQ-ACK. In step 2.1, UE should determine K (K≥1) PUCCHs semi-statically configured for K HP SRs overlapping with the original PUCCH carrying HP dynamic HARQ-ACK. One example is shown in Figure 1, two PUCCHs carrying HP SR overlap with a HP PUCCH with PF 0/1 carrying HP HARQ-ACK. After step 1, a PUCCH resource with PF 0/1 is determined to transmit HP SR 2 and HP A/N. However, when HP UCI is multiplexed with LP HARQ-ACK, 2 HP SRs should be transmitted, just same as the procedure of Rel-15 PF2/3/4. Specifically, information bits for K HP SRs are appended to HP HARQ-ACK bits, and the number of HP UCI bits is , where  bits representing a negative or positive SR, in ascending order of the values of schedulingRequestResourceId. 


Figure 1. K PUCCHs carrying SR overlap with HP PUCCH carrying HARQ-ACK
Then, a PUCCH resource with PF 2/3/4 indicated by PRI is used for multiplexing. Reuse other procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource with PF 2/3/4, i.e. separate coding, PRB determination, rate matching and power control.
(4) Case 4: A PUCCH carrying HP SPS HARQ-ACK and HP SR, if any, overlaps with a PUCCH carrying LP HARQ-ACK.
If multiple HP SPS PUCCH resources are provided by sps-PUCCH-AN-List, a HP PUCCH resource determined based on the total payload of HP SPS HARQ-ACK, HP SR, if any, and LP HARQ-ACK from the multiple HP PUCCH resources should be used for multiplexing. On the other hand, if only PUCCH resource(s) with PF 0/1 is configured for HP SPS HARQ-ACK or HP SR, LP HARQ-ACK cannot be multiplexed without additional HP PUCCH resource. To avoid additional specific work, the following two options are proposed, and we slightly prefer option 1.
· Option 1: If a PUCCH carrying HP SPS HARQ-ACK and HP SR, if any, overlaps with a PUCCH carrying LP HARQ-ACK, a PUCCH resource determined from the PUCCH resource(s) provided by sps-PUCCH-AN-List or n1PUCCH-AN is used for multiplexing. 
In the other word, UE does not expect the total payload of HP SPS HARQ-ACK, HP SR, if any, and LP HARQ-ACK is larger than the maximum number of bits carried by the PUCCH resource(s) provided by sps-PUCCH-AN-List or n1PUCCH-AN.

Similar to case 3, for step 2.1, UE should determine K PUCCHs semi-statically configured for K HP SRs overlapping with the original PUCCH carrying HP SPS HARQ-ACK, the number of HP UCI bits is . Reuse other procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource with PF 2/3/4, i.e. separate coding, PRB determination, rate matching and power control.
· Option 2: Fallback to Rel-16 prioritization, i.e. the PUCCH carrying HP SPS HARQ-ACK and HP SR, if any, is transmitted.
Proposal 9: When a PUCCH carrying HP SR only with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1,
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
Proposal 10: When a PUCCH carrying HP SR only with PF 0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF 2/3/4, 
· For positive SR, transmit HP SR on the SR PUCCH resource.
· For negative SR, transmit LP HARQ-ACK on the HARQ-ACK PUCCH resource.
Proposal 11: When a PUCCH carrying HP SR and HP HARQ-ACK overlaps with a PUCCH carrying LP HARQ-ACK, 
· Information bits for K (K≥1) HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI;
· 
The number of HP UCI bits is , same as Rel-15;
· Reuse other procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource with PF 2/3/4, i.e. separate coding, PRB determination, rate matching and power control.
Proposal 12: When a PUCCH carrying HP dynamic HARQ-ACK and HP SR overlaps with a PUCCH carrying LP HARQ-ACK, a PUCCH resource indicated by PRI is used for multiplexing.
Proposal 13: When a PUCCH carrying HP SPS HARQ-ACK and HP SR, if any, overlaps with a PUCCH carrying LP HARQ-ACK, a PUCCH resource determined from the PUCCH resource(s) provided by sps-PUCCH-AN-List or n1PUCCH-AN is used for multiplexing.

Separate Coding on PUCCH
When the total LP HARQ-ACK and HP HARQ-ACK bits is more than 2, and one of HP HARQ-ACK and LP HARQ-ACK is not more than 2, three coding schemes were proposed in RAN1 #107-e. We prefer option 1a and can compromise to option 1b.
Proposal 14: For the coding scheme of HP HARQ-ACK or LP HARQ-ACK with up to 2 bits, when the total LP HARQ-ACK and HP HARQ-ACK bits is more than 2, we prefer option 1a and can compromise to option 1b.

Ambiguity caused by LP DCI missing
The probability of ambiguity is very low, because the ambiguity only exists when Type-2 HARQ-ACK codebook is configured for LP HARQ-ACK and the last LP DCI is missed by UE. On the other hand, such ambiguity can be avoided by gNB implementation. At this stage, we do not support additional enhancement to avoid ambiguity caused by LP DCI missing.
Proposal 15: Additional enhancement to avoid ambiguity caused by LP DCI missing is not supported.

UCI on PUSCH
(1) A PUSCH carrying HP HARQ-ACK and HP A-CSI overlaps with a PUCCH carrying LP HARQ-ACK
The mapping of coding chains for this case has been discussed for a long time, we support the FL’ proposal provided in RAN1 #107 with following updates in order to support a unified solution for this case.
For multiplexing HP HARQ-ACK and LP HARQ-ACK into a PUSCH, if HP HARQ-ACK, LP HARQ-ACK and HP A-CSI consisting of two parts would be transmitted on HP PUSCH conveying UL-SCH, 
· LP HARQ-ACK 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 HP CSI part 1.
· Reuse R15 CSI part 2 rate matching and RE mapping for HP CSI part 2, if any.
· FFS for HP A-CSI consisting of single part.
· FFS for HP PUSCH not conveying UL-SCH.
Proposal 16: For multiplexing HP HARQ-ACK and LP HARQ-ACK into a PUSCH, if HP HARQ-ACK, LP HARQ-ACK and HP A-CSI would be transmitted on HP PUSCH, 
· LP HARQ-ACK is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. 
· Reuse R15 CSI part 1 rate matching and RE mapping for HP CSI part 1.
· Reuse R15 CSI part 2 rate matching and RE mapping for HP CSI part 2, if any.

(2)  Beta-offset value
In RAN1 #104, it was agreed that support 0< beta-offset <1, but beta-offse values have not been discussed. We slightly prefer to introduce 8 new values for Table 9.3-1 in TS38.213, and one example is shown in Table 1.
Proposal 17: Introduce 8 new values for Table 9.3-1 in TS38.213, as shown in Table 1.

Conclusions
In this contribution, we show our views on the enhancements on intra-UE multiplexing/prioritization with following proposals:
Proposal 1: The resultant channels after step 1 should satisfy Rel-15 multiplexing timeline.
Proposal 2: The resultant channels after step 2.1 carrying both HP UCI and LP UCI is not expected to be overlapped with another HP PUCCH/PUSCH.
Proposal 3: During the procedure of handling overlapping PUCCHs/PUSCHs with different priorities, UE does not expect the overlapping between PUSCHs in one cell.
Proposal 4: In step 2.1, if multiple HP PUCCHs overlap with a LP PUCCH, the LP PUCCH is multiplexed with the first HP PUCCH.
Proposal 5: In step 2.1, a UE does not expect a HP PUCCH overlaps with multiple LP PUCCHs.
Proposal 6: When a PUCCH carrying HP SR and HP HARQ-ACK overlaps with a PUCCH carrying LP HARQ-ACK, in step 2.1, UE determines K (K≥1) PUCCHs semi-statically configured for K HP SRs overlapping with the original PUCCH carrying the HP HARQ-ACK, and the K HP SRs are multiplexed with HP HARQ-ACK and LP HARQ-ACK
Proposal 7:  In step 2.2, if an input PUCCH carrying HP UCI (including HP UCI only or both HP UCI and LP UCI) overlaps with multiple LP PUSCHs, a PUSCH is selected for multiplexing based on the following priorities:
· Step 1: DG PUSCH > CG PUSCH;
· Step 2: PUSCH(s) with earliest ending among the PUSCH(s) determined from step 1;
· Step 3: The PUSCH of the serving cell with the smallest ServCellIndex among the PUSCH(s) determined from step 2.
Proposal 8: PUCCH format 2 can be used for multiplexing of UCIs with different priorities.
Proposal 9: When a PUCCH carrying HP SR only with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1,
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
Proposal 10: When a PUCCH carrying HP SR only with PF 0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF 2/3/4,
· For positive SR, transmit HP SR on the SR PUCCH resource.
· For negative SR, transmit LP HARQ-ACK on the HARQ-ACK PUCCH resource.
Proposal 11: When a PUCCH carrying HP SR and HP HARQ-ACK overlaps with a PUCCH carrying LP HARQ-ACK, 
· Information bits for K HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI;
· 
The number of HP UCI bits is , same as Rel-15;
· Reuse other procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource with PF 2/3/4, i.e. separate coding, PRB determination, rate matching and power control.
Proposal 12: When a PUCCH carrying HP dynamic HARQ-ACK and HP SR overlaps with a PUCCH carrying LP HARQ-ACK, a PUCCH resource indicated by PRI is used for multiplexing.
Proposal 13: When a PUCCH carrying HP SPS HARQ-ACK and HP SR, if any, overlaps with a PUCCH carrying LP HARQ-ACK, a PUCCH resource determined from the PUCCH resource(s) provided by sps-PUCCH-AN-List or n1PUCCH-AN is used for multiplexing.
Proposal 14: For the coding scheme of HP HARQ-ACK or LP HARQ-ACK with up to 2 bits, when the total LP HARQ-ACK and HP HARQ-ACK bits is more than 2, we prefer option 1a and can compromise to option 1b.
Proposal 15: Additional enhancement to avoid ambiguity caused by LP DCI missing is not supported.
Proposal 16: For multiplexing HP HARQ-ACK and LP HARQ-ACK into a PUSCH, if HP HARQ-ACK, LP HARQ-ACK and HP A-CSI would be transmitted on HP PUSCH, 
· LP HARQ-ACK is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. 
· Reuse R15 CSI part 1 rate matching and RE mapping for HP CSI part 1.
· Reuse R15 CSI part 2 rate matching and RE mapping for HP CSI part 2, if any.
Proposal 17: Introduce 8 new values for Table 9.3-1 in TS38.213, as shown in Table 1.
Table 1: Mapping of beta_offset values for HARQ-ACK information and the index signalled by higher layers
	


 or  
	


	16
	0.8

	17
	0.64

	18
	0.5

	19
	0.4

	20
	0.32

	21
	0.25

	22
	0.2

	23
	0.1
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