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Introduction
During RAN 91e meeting, a revised WID of Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved. One objective is to further enhance the multiplexing and prioritization scheme in URLLC. 
This contribution provides some considerations on intra-UE multiplexing/prioritization for URLLC.
Discussion
Framework for intra-UE multiplexing/prioritization
In RAN1 106e, the following WA was achieved, which gives more guidance for further discussion. 
Working Assumption
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

We would like to suggest to confirm the WA. There are two reasons. 
Firstly, this method reuse the Rel-16 intra-UE prioritization structure. It can simplify the discussion procedure, since a lot of scenarios can be applied directly, do not need to discover new cases step by step in Rel-16. Although, two steps above are divided into four sub-steps in Rel-16, and “before and after” problem was still unsolved.
Secondly, the same structure in the WA is preferred due to only special operations for LP HARQ-ACK in Rel-17 are needed and enhanced comparing with Rel-17 URLLC intra-UE prioritization. The other UCI types can be use the legacy handling in Rel-16. There is a concern that Rel-17 UE does not support Rel-16 intra-UE prioritization. However, the enhancements of Rel-17 intra-UE multiplexing/prioritization are focused on LP HARQ-ACK, either on PUCCH or PUSCH. For the other UCI type, e.g. CSI and LP SR overlapping with HP PUCCH/PUSCH, Rel-16 intra-UE prioritizations rules would be applied in Rel-17. Thus, there are some cases in Rel-17, which are same as Rel-16. It is natural to use the same steps as Rel-16.
Proposal 1. Confirm the WA:
Working Assumption
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
Step 1 in WA
As same as Rel-16 intra-UE, only PUCCHs and or PUSCHs do multiplexing or dropping within same priority, using its own slot length unit. The outputs of step 1 are non-overlapping PUCCHs and or PUSCHs within same priority in corresponding priority slot unit. Step 1 is quite stable and can use legacy operation.
Step 2 in WA
Regarding step 2, HP PUCCH and HP PUSCH should be multiplexing/prioritization with LP UL channels subsequently. 
If HP PUCCH (HARQ-ACK or/and SR) overlaps with LP HARQ-ACK PUCCH, it was proposed to use the HP PUCCH time unit for LP HARQ-ACK PUCCH, and given three options for selecting HP PUCCH time unit, as shown in the following. From our perspective, the first Option 1 is preferred. Because Option 1 is the most direct way as the current UCI multiplexing method.
· FFS: How to determine an associated HP PUCCH time unit for the LP HARQ-ACK PUCCH if the LP HARQ-ACK PUCCH overlaps with multiple HP PUCCH time units. Options under consideration include:
· Option 1: The low priority PUCCH performs multiplexing or dropping procedure in the first overlapping time unit that contains high priority PUCCH.
· Option 2: The LP PUCCH is associated with the first HP PUCCH time unit with HP HARQ-ACK overlapping with the LP PUCCH.
· Option 3: The low priority PUCCH performs multiplexing or dropping procedure in the first overlapping time unit that contains high priority HARQ-ACK PUCCH.
· FFS: other options.



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. (Option 1)
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.
Multiplexing enable/disable mechanism
For the multiplexing enable/disable mechanism, there are some debates of whether or not DCI based dynamic enable/disable can be supported. From our sight of view, RRC configuration + DCI indication based enable/disable have limited use cases, it can only apply to dynamic PDSCH HARQ-ACK. Furthermore, there are still many leftovers to support this dynamic indication, such as：
If multiple DCIs associated with one PUCCH, indicate both enable or disable, when and how the UE decide to do multiplexing or prioritization. Definitely there would be some misunderstanding when missing a DCI. It could be quite difficult to keep the consistence between UE and gNB. One example is when a UE has not receive a DCI to indicate enable/disable, it assumes intra-UE multiplexing by default or prioritization. It is really hard to do intra-UE prioritization at first and then intra-UE multiplexing later, because some channel procedure has been implemented already. 
The second issue is whether this enable/disable flag can be in one DCI format e.g. DCI format 1_1, or should be in two DCI formats, e.g. DCI format 1_1 and DCI format 1_2. If there is only flag in one DCI format, how to resolve the case that one DCI format indicate disable, while another DCI format does not indicate. What is the default assumption for the different DCI formats?
At last, this dynamic enable/disable mechanism will make the timeline more complex. Considering the limited meeting time, we propose to support RRC configuration method for multiplexing enable/disable. 
Proposal 3. [bookmark: OLE_LINK5]Support RRC configuration method for multiplexing enable/disable mechanism for UCI on PUCCH.

PUCCH resource determination and mapping for multiplexing between HARQ-ACKs with different priorities
The open issues of PUCCH resource determination, the following were achieved in RAN1 # 106e. 
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17,
· PUCCH resource set determination is based on: UCI payload size = the number of HP UCI bits + the number of LP UCI bits.
· FFS PRB number determination for HP A/N and LP A/N, e.g. based on their coding rates.
· FFS the impact to the number of LP UCI bits due to missed DCI and potential solutions
· Note: the number of LP UCI bits in the above agreement does may not necessarily mean the actual number of LP UCI bits until the second FFS is resolved

For the PRB number determination, we prefer the minimum PRB number is calculated separately based on its own maximum coding rate for HP and LP UCI. It is the most straight forward way to get the minimum PRB number. 
According to the ambiguity on LP HARQ-ACK, we do not think it needs extra handling. Because there are already have a lot of methods to make sure the HARQ-ACK bits number is consistent between gNB and UE. E.g Type 1 HARQ-ACK codebook, DAI in Type 2 HARQ-ACK codebook. So the remaining ambiguity on LP HARQ-ACK bits is quite low. 
Last, regarding PUCCH resource set selection, we prefer to use the actual number of LP UCI bits.
Proposal 4. For the PRB number determination, the minimum PRB number is calculated separately based on its own maximum coding rate for HP and LP UCI.
Proposal 5. Actual number of LP UCI bits is used for PUCCH resource set selection.
Proposal 6. No additional method is supported for the ambiguity on LP HARQ-ACK.
Multiplexing HARQ-ACK and SR with different priorities
We prefer the following solutions for multiplexing HARQ-ACK and SR with different priorities. 
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 HARQ-ACK resource, as same way as Rel-15
	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

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

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



When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, to reuse current spec as much as possible, if SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource. 
Regarding a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, to maintain the latency and performance of HP SR, the SR cannot be transmitted on LP HARQ-ACK resource. For positive SR, LP HARQ-ACK can be dropped. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, Rel-15 rule can be reused. 
Proposal 7. If a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, if SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
Proposal 8. When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1,   for positive SR, LP HARQ-ACK can be dropped. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
Proposal 9. If a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, if SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.

Multiplexing UCIs of different priorities in a PUSCH
Coding for UCIs with different priorities 
Regarding multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUSCH, when PUSCH without CSI, it is fine to do separate coding for HP HARQ-ACK and LP HARQ-ACK, due to enough coding operations in this case. We are supportive of this proposal.
Proposal 10. Support the following proposal from last meeting:
Proposal after 2nd round discussion:
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 and RE mapping for HP HARQ-ACK in principle. FFS details.
· Reuse R15 Part 1 CSI rate matching and RE mapping for LP HARQ-ACK in principle. FFS details.

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, we are fine with the following proposal, including CSI part 2 is dropped. Because it does not increase the coding chain number, and it provide an acceptable solution for HP/LP HARQ-ACK and CSI1. Regarding the CSI part 2 dropping, it is natural method used in Rel-15. Such as a PUCCH format 3 resource is replaced by PUCCH format 2, CSI part 2 is dropped too. When LP CSI consisting of single part, there is no problem. The legacy coding procedure can be reused here. Another concern is when LP PUSCH not conveying UL-SCH, according to the agreed case “Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)”, it is preferred to drop LP PUSCH without UL-SCH. So the proposal from last meeting is updated as:
Proposal 11. Support the updates of following proposal from last meeting:
Proposal after 2nd round discussion:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a LP 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 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 in principle. FFS details.
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1 in principle. FFS details.
· FFS for the case where LP CSI consisting of two parts is transmitted on HP PUSCH conveying UL-SCH.
· FFS for LP CSI consisting of single part.
· FFS for LP PUSCH not conveying UL-SCH.
Proposal 12. Do not support HP HARQ-ACK multiplexing into a LP PUSCH without UL-SCH, LP PUSCH is dropped.

If HP HARQ-ACK, LP HARQ-ACK, and LP CSI (P-CSI or SP-CSI) consisting of two parts are transmitted on HP PUSCH conveying UL-SCH, we suggest LP CSI including CSI part 1 and 2 are dropped. It is aligned with the previous agreement that only LP HARQ-ACK can be multiplexed into HP PUSCH. Furthermore, the code number is no more than Rel-15/16, no more specification change is needed. 
Another case is HP HARQ-ACK, LP HARQ-ACK, and HP A-CSI consisting of two parts are transmitted on HP PUSCH without UL-SCH, LP HARQ-ACK is dropped, too. If HP A-CSI consisting of single part, we prefer unified solution for this case, LP HARQ-ACK is dropped. 
Proposal 13. Support the updates of following proposal from last meeting:
Proposal after 2nd round discussion:
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 ( with or without UL-SCH), 
· LP HARQ-ACK is dropped. 
· Reuse R15 HARQ-ACK rate matching 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 in principle. FFS details.
· Reuse R15 CSI part 2 rate matching and RE mapping for HP CSI part 2 in principle. FFS details.
· FFS for HP A-CSI consisting of single part.
· FFS for HP PUSCH not conveying UL-SCH.


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 14. 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

Multiplexing enable/disable mechanism
Similar reasons as multiplexing enable/disable mechanism for PUCCH, we also support RRC configuration only regarding UCI multiplexing on PUSCH.
Proposal 15. Support RRC configuration method for multiplexing enable/disable mechanism for UCI on PUSCH.
Simultaneous x-CC PUCCH/PUSCH transmissions 
Dynamic indication
We do not think dynamic indication for simultaneous PUCCH/PUSCH transmission is necessary, according to the FFS point in the following agreement.
Agreements:
Per UE with the capability of inter-band CA, simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group
· FFS: dynamic indication

First, we do not find the advantage to support dynamic triggering. The main benefit for this function is to support UCIs with different priorities to transmit simultaneously. So some rules can be defined and RRC configures enable or disenable this function can work well. The dynamic indication only makes rules more complex without significant gain. Second, it is hard to decide this indication in which DCI format, DL grant DCI or UL grant DCI. There can be long discussion for this issue. For example, if the indication is in the DL grant DCI, it should be applied to all the serving cells. This could have same effect as RRC configuration. 
Proposal 16. Support RRC configuration for simultaneous PUCCH/PUSCH transmission.
[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 (Option 1).
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 RRC configuration method for multiplexing enable/disable mechanism for UCI on PUCCH.
Proposal 4. For the PRB number determination, the minimum PRB number is calculated separately based on its own maximum coding rate for HP and LP UCI.
Proposal 5. Actual number of LP UCI bits is used for PUCCH resource set selection.
Proposal 6. No additional method is supported for the ambiguity on LP HARQ-ACK.
Proposal 7. If a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, if SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
Proposal 8. When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1,   for positive SR, LP HARQ-ACK can be dropped. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
Proposal 9. If a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, if SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
Proposal 10. Support the following proposal from last meeting:
Proposal after 2nd round discussion:
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 and RE mapping for HP HARQ-ACK in principle. FFS details.
· Reuse R15 Part 1 CSI rate matching and RE mapping for LP HARQ-ACK in principle. FFS details.
Proposal 11. Support the updates of following proposal from last meeting:
Proposal after 2nd round discussion:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a LP 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 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 in principle. FFS details.
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1 in principle. FFS details.
· FFS for the case where LP CSI consisting of two parts is transmitted on HP PUSCH conveying UL-SCH.
· FFS for LP CSI consisting of single part.
· FFS for LP PUSCH not conveying UL-SCH.
Proposal 12. Do not support HP HARQ-ACK multiplexing into a LP PUSCH without UL-SCH, LP PUSCH is dropped.
Proposal 13. Support the updates of following proposal from last meeting:
Proposal after 2nd round discussion:
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 ( with or without UL-SCH), 
· LP HARQ-ACK is dropped. 
· Reuse R15 HARQ-ACK rate matching 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 in principle. FFS details.
· Reuse R15 CSI part 2 rate matching and RE mapping for HP CSI part 2 in principle. FFS details.
· FFS for HP A-CSI consisting of single part.
· FFS for HP PUSCH not conveying UL-SCH.
Proposal 14. 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
Proposal 15. Support RRC configuration method for multiplexing enable/disable mechanism for UCI on PUSCH.
Proposal 16. Support RRC configuration for simultaneous PUCCH/PUSCH transmission.
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