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Introduction
During RAN 88e 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, the objective is shown below.
1. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
· Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH
· 
This contribution provides some considerations on intra-UE multiplexing/prioritization for URLLC.
Discussion
Agreements:
For multiplexing UCIs of different priorities in a PUCCH in R17, 
· Support of multiplexing between different resources not confined within a sub-slot if conditions are met
· FFS: Details 
· Support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met
· FFS details

[bookmark: OLE_LINK12]In the last meeting, it has been agreed to support of multiplexing UCIs between different resources not confined within a sub-slot, as a result, the scheduling flexibility can be improved. Regarding how to determine the PUCCH resource used for multiplexing, in our view, the PUCCH resources configured for HP should be chosen with first priority since the HP PUCCH resources are generally employed to satisfy the URLLC requirement, and it is reasonable to also guarantee the performance of HP UCI after multiplexing. And for PUCCH-resource-set determination, the Rel-15/16 scheme can be reused by setting the UCI bit size to be a total size of HP UCI plus LP UCI. 
Proposal 1. [bookmark: OLE_LINK4][bookmark: OLE_LINK5]For multiplexing UCIs of different priorities in a PUCCH, PUCCH resources configured for HP should be chosen with first priority for piggyback to satisfy the URLLC requirement.
[bookmark: OLE_LINK15]In case a PUCCH overlaps with more than one PUCCH with different priorities, Rel-16 behaviour can be employed at first, i.e. multiplexing/dropping of overlapping PUCCHs with the low priority assuming PUCCHs with high priority do not exist. After that, a LP PUCCH including any intermediate scheduled LP transmission should be dropped if it overlaps with any HP PUCCH. Thirdly, multiplexing/overriding of HP PUCCHs is performed as if LP channels do not exist. Finally, a final HP PUCCH is multiplexed with a final LP PUCCH if they overlap, after performing multiplexing of HP PUCCHs.
Proposal 2. In case a PUCCH overlaps with more than one PUCCH with different priorities, perform multiplexing/dropping of overlapping PUCCHs with the same priority first, and then deal with multiplexing/dropping of resulted PUCCHs with different priorities in general. 

Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits are more than 2 bits, down-select from the following options in RAN1#104-e:
Option 1: Support joint coding.
Option 2: Support separate coding.
Option 3: Combination of Option1 and 2.
FFS the details
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2 bits, provide design details for decision for the following cases in RAN1#104-e:
·        Multiplexing on a PUCCH format 0
·        Multiplexing on a PUCCH format 1

If a low priority PUCCH is multiplexed with a high priority PUCCH, the reliability of high priority PUCCH should be guaranteed. Separate coding can separately map and code these two signals with different coding rates on the PUCCH resource, e.g., the high priority UCI can be coded with lower coding rate and low priority UCI can be coded with higher coding rate. Thus the total resource can be saved. And if the decoding of LP UCI is failed, the performance of HP UCI can be guaranteed. So we prefer to support Option 1 at least.  For option 2, it would cost more resources and the performance of HP UCI could not be guaranteed, but the encoding complexity is relatively lower and is friendly to UE implementation. Overall, Option 2 could also be taken into consideration with first priority.
If total number of LP and HP HARQ-ACK bits is 2 bits, considering that PUCCH format 1 has longer symbol length and lower coding rate, it is more appropriate for piggyback multiplexed UCIs to guarantee the reliability of HP UCI, especially when PUCCH format 1 is originally configured to transmit the HP HARQ-ACK bit.
Proposal 3. For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, separate coding should be supported at least. 
Proposal 4. If the multiplexed total number of LP and HP HARQ-ACK bits is 2 bits, multiplexing on PUCCH format 1 should be considered first.

[bookmark: OLE_LINK2]Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
PUCCH-config （priority）configuration?
· FFS for other types of UCI.

For a mechanism for gNB to enable/disable the multiplexing between PUCCHs, compared with the semi-static RRC configuration, dynamically indication in DCI would cost more DCI resources and may not be feasible for SPS/CG PUSCH transmission. So we support to use semi-static RRC configuration at least, and dynamical indication schemes can be further considered. 
Proposal 5. For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, support RRC configuration to enable/disable the multiplexing as a baseline.

Agreements:
For HARQ-ACK multiplexing on PUSCH of different priority in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.

From our perspective, using DCI to enable/disable the multiplexing of HARQ-ACK on PUSCH of different priority may introduce additional DCI overhead. By using existing DCI/RRC field, i.e., setting beta_offset=0, the multiplexing can be effectively disabled, and no additional signaling is required. So we have a following proposal:
Proposal 6. For HARQ-ACK multiplexing on PUSCH of different priority, support to set value of beta_offset equals to zero to disable multiplexing.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. [bookmark: OLE_LINK31][bookmark: OLE_LINK32]For multiplexing UCIs of different priorities in a PUCCH, PUCCH resources configured for HP should be chosen with first priority for piggyback to satisfy the URLLC requirement.
Proposal 2. [bookmark: OLE_LINK1]In case a PUCCH overlaps with more than one PUCCH with different priorities, perform multiplexing/dropping of overlapping PUCCHs with the same priority first, and then deal with multiplexing/dropping of resulted PUCCHs with different priorities in general. 
Proposal 3. For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, separate coding should be supported at least. 
Proposal 4. If the multiplexed total number of LP and HP HARQ-ACK bits is 2 bits, multiplexing on PUCCH format 1 should be considered first.
Proposal 5. For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, support RRC configuration to enable/disable the multiplexing as a baseline.
Proposal 6. For HARQ-ACK multiplexing on PUSCH of different priority, support to set value of beta_offset equals to zero to disable multiplexing.
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