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Introduction
This contribution provides some considerations on the remaining issues of intra-UE multiplexing/prioritization for URLLC.
Discussion
Framework for intra-UE multiplexing/prioritization
In RAN1#107e and RAN#94e, the following agreement was achieved, which gives more guidance for further discussion. 
	The following proposal was endorsed during the GTW session in RAN#94e:
"RAN to guide RAN1 to focus on the discussions on Capabilility#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework"
Agreement RAN1 107e
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 RAN1 107e
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



Time unit to apply Rel-15 timeline
For different time units are configured for HP PUCCH and LP PUCCH, we agree that a unified solution is more preferred. If HP PUCCH (HARQ-ACK or/and SR) overlaps with LP HARQ-ACK PUCCH, it can use the HP PUCCH time unit for LP HARQ-ACK PUCCH. And for selecting HP PUCCH time unit, the low priority PUCCH performs multiplexing or dropping procedure in the first overlapping time unit that contains high priority PUCCH. It can reuse the current multiplexing or dropping procedure in the unit of HP PUCCH. 



Otherwise, besides HP PUCCH (HARQ-ACK or/and SR) overlaps with LP HARQ-ACK PUCCH, other type of UCI PUCCHs overlaps with mixing HP and LP, drop LP PUCCHs.

 
Proposal 1. According to multiplexing unit for HP/LP PUCCHs, use the HP PUCCH time unit, and the low priority PUCCH performs multiplexing or dropping procedure in the first overlapping time unit that contains high priority PUCCH.
Multiplexing UCIs of different priorities in a PUCCH
Encoder for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s)
Regarding the coding scheme for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), both options are feasible because current UCI encoder hardware has already supported. We slightly prefer Option 2 since it is a unified solution by using RM coding on PUCCH and has small spec. affect. Thus we have a following proposal:
Proposal 2. For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, if HP HARQ-ACK or LP HARQ-ACK is of 1-2 bit(s), reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.
PUCCH format 2
Regarding PUCCH format 2, it only have one code chain in Rel-15, HARQ-ACK, SR and CSI part use joined code to generate one encoded bit. 
When LP HARQ-ACK and HP HARQ-ACK bits multiplexing on a PUCCH format 2, three options were discussed in the previous meeting. For Alt 1, it remains only one code chain which including HP HARQ-ACK, w/o HP SR, and LP HARQ-ACK. However, the disadvantage is it treats HP and LP HARQ-ACK as equal priorities. Different max code rates can be applied for HP and LP HARQ-ACK bits, which means there is still only one code rate for PUCCH format 2. The advantage part is it can reuse the most part of the current mechanism. Little changes is needed. At least it can keep the reliability of HP HARQ-ACK, which is regarded more important than enable a higher coding rate for LP HARQ-ACK. Therefore, we support the following proposal 2.2 for PUCCH format 2. 
	Proposal 2.2:
Support multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK on PUCCH Format 2. 
· Concatenate the coded HP HARQ-ACK bits and the coded LP HARQ-ACK bits sequentially and apply the procedures described in R15 TS 38.211 to the concatenated coded HARQ-ACK bit sequence in principle.
Note: It was agreed to support multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.



Proposal 3. Support multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK on PUCCH Format 2. 
· Concatenate the coded HP HARQ-ACK bits and the coded LP HARQ-ACK bits sequentially and apply the procedures described in R15 TS 38.211 to the concatenated coded HARQ-ACK bit sequence in principle.

Regarding PUCCH format 2, since joined code is used for HP and LP HARQ-ACK. No additional maxCodeRate is needed for PUCCH format 2. Number of RBs for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 2 remains the same as Rel-15. 
Proposal 4. One maxCodeRate is configured for PUCCH format 2. 
Proposal 5. Number of RBs for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 2 remains the same as Rel-15
Multiplexing HARQ-ACK and SR with different priorities
We support the following solutions for multiplexing HARQ-ACK and SR with different priorities. An uniform solution for all the combinations are good approach, especially it keeps consistence with the PUCCH resource selection for the other HP and LP UCI multiplexing.
	Proposal 2.6:
When a PUCCH carrying HP SR 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.
Note: It was agreed to support multiplexing a LP HARQ-ACK and a HP SR into a PUCCH for some HARQ-ACK/SR PF combinations in Rel-17.



Thus, in summary, the following table gives the full picture of HARQ-ACK and SR multiplexing. 
Table 1: Multiplexing HARQ-ACK and SR with different priorities
	
	PUCCH carrying LP HARQ-ACK

	
	PF0
	PF1

	PUCCH carrying HP SR
	PF0
	Positive
	HARQ-ACK and SR multiplexed on SR resource
	transmit SR on the SR resource and drop HARQ-ACK

	
	
	Negative
	only HARQ-ACK on HARQ-ACK resource, as same way as Rel-15
	only HARQ-ACK on HARQ-ACK resource, as same way as Rel-15

	
	PF1
	Positive
	HARQ-ACK and SR multiplexed on SR resource
	Same way as Rel-15

	
	
	Negative
	only HARQ-ACK on HARQ-ACK resource
	Same way as Rel-15



Proposal 6. Support proposal 2.6
When a PUCCH carrying HP SR 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.
Note: It was agreed to support multiplexing a LP HARQ-ACK and a HP SR into a PUCCH for some HARQ-ACK/SR PF combinations in Rel-17.

Multiplexing UCIs of different priorities in a PUSCH
Coding for UCIs with different priorities 
[bookmark: _GoBack]HP UCI multiplexing on LP PUSCH
If HP HARQ-ACK, LP HARQ-ACK, and LP CSI (A-CSI, or P-CSI, or SP-CSI) consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, it was agree CSI part 2 is dropped. When LP CSI consisting of single part, there is no problem, reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part. 
	Agreement RAN1 107e
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.
Note: Apple raised concern on CSI being dropped unnecessarily which could cause performance and degrade usefulness of URLLC enhancement.



Proposal 7. 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 single part would be transmitted on LP PUSCH conveying UL-SCH, 
· 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.

LP UCI multiplexing on HP PUSCH
If HP HARQ-ACK, LP HARQ-ACK, and HP CSI (A-CSI) consisting of two parts would be transmitted on HP PUSCH conveying UL-SCH, it did not achieve any consensus in RAN1#107e, but proposal 3.2.
	Proposal 3.2:
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 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.
· FFS for HP A-CSI consisting of single part.
· FFS for HP PUSCH not conveying UL-SCH.



We support the proposal. Because HP CSI is with higher priority than LP HARQ-ACK, which is the basic understanding of priority definition. Even more, unified solution can be used for single part of CSI or two parts of CSI. Another case is HP PUSCH not conveying UL-SCH, it is preferred to share same solution for PUSCH with UL-SCH. So when HP A-CSI is included in a PUSCH, LP HARQ-ACK is dropped.
When HP A-CSI consisting of single part, uniform solution is preferred. that is LP HARQ-ACK is dropped no matter HP CSI consists one part or two parts. In addition, we also want same principle applied to HP PUSCH does not convey UL-SCH. 
Proposal 8. 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 HP A-CSI consisting of one/two parts would be transmitted on HP PUSCH w/o 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.
Enhancements for Beta-offset value and configuration
According to beta-offset value, we think the agreement achieved last meeting is enough for multiplexing. 
Agreement
In NR Rel-17, [at least] 2 new set of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH

Because comparing with Rel-15/Rel-16 intra-UE prioritization, only two use cases are introduced. One is multiplexing LP HARQ-ACK on HP PUSCH, the other is multiplexing HP HARQ-ACK on LP PUSCH. So these 2 new set of beta offset values are needed. Regarding LP HARQ-ACK on LP PUSCH and HP HARQ-ACK on HP PUSCH, same beta_offset value can be used. So we propose to update the agreement as following.  
Proposal 9. update the agreement:
In NR Rel-17, [at least] 2 new set of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH

[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1. According to multiplexing unit for HP/LP PUCCHs, use the HP PUCCH time unit, and the low priority PUCCH performs multiplexing or dropping procedure in the first overlapping time unit that contains high priority PUCCH.
Proposal 2. For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, if HP HARQ-ACK or LP HARQ-ACK is of 1-2 bit(s), reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.
Proposal 3. Support multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK on PUCCH Format 2. 
· Concatenate the coded HP HARQ-ACK bits and the coded LP HARQ-ACK bits sequentially and apply the procedures described in R15 TS 38.211 to the concatenated coded HARQ-ACK bit sequence in principle.
Proposal 4. One maxCodeRate is configured for PUCCH format 2. 
Proposal 5. Number of RBs for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 2 remains the same as Rel-15
Proposal 6. Support proposal 2.6
When a PUCCH carrying HP SR 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.
Note: It was agreed to support multiplexing a LP HARQ-ACK and a HP SR into a PUCCH for some HARQ-ACK/SR PF combinations in Rel-17.
Proposal 7. 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 single part would be transmitted on LP PUSCH conveying UL-SCH, 
· 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.
Proposal 8. 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 HP A-CSI consisting of one/two parts would be transmitted on HP PUSCH w/o 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.
Proposal 9. update the agreement:
In NR Rel-17, [at least] 2 new set of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH
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