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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
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
For the above multiplexing scenarios,
· FFS conditions, if needed, for the multiplexing, e.g
· Whether to support multiplexing between different resources not confined within a sub-slot.
· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to determine the PUCCH resource used for multiplexing (e.g. HP or LP PUCCH resource, or a dedicated PUCCH resource for the multiplexing).
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling).
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for enabling multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
 
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations. 
· FFS for other separate configurations.
· FFS: value range of beta-offset (e.g. <1).
· FFS the conditions, if needed, for multiplexing, e.g.
· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH
 
Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.
 
Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function. 
· FFS for intra-band CA.

This contribution provides some considerations on intra-UE multiplexing/prioritization for URLLC.
Discussion
 Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
How to minimize impact on the latency for high-priority HARQ-ACK.
If a high priority PUCCH is multiplexed on a low priority PUCCH, the latency of the high priority PUCCH should be guaranteed. It can be achieved by dropping the low priority PUCCH if end symbol of its original PUCCH resource is later than that of the high priority PUCCH, or multiplexing on the third PUCCH resource with last symbol no later than that of high priority PUCCH resource.
Proposal 1. The latency can be maintained by dropping the low priority PUCCH if the end symbol of its PUCCH resource is later than that of the high priority PUCCH, or by multiplexing on the third PUCCH resource with last symbol no later than that of high priority PUCCH resource.
 How to encode the UCIs with different priorities
If a low priority PUCCH is multiplexed with a high priority PUCCH, the reliability of high priority PUCCH should be guaranteed. One possible solution is to 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.
Proposal 2. Separate coding can be considered for multiplexing of two different priority PUCCHs. 
 Whether to support multiplexing between different resources not confined within a sub-slot
If two PUCCH with different priorities overlaps with each other, and one PUCCH is slot based while the other PUCCH is sub-slot based, multiplexing can be supported if the latency of high priority UCI is not affected. For example, the high priority UCI belonging to the sub-slot PUCCH can be multiplexed onto the slot-based PUCCH, if the end symbol of the slot-based PUCCH resource is no later than that of sub-slot based PUCCH resource. 
Proposal 3. Cross sub-slot can be considered if the latency of high priority UCI can be guaranteed after multiplexing.
 How to determine the PUCCH resource used for multiplexing
In our point of view, the PUCCH resources configured in PUCCH-config with high priority should be considered for multiplexing in order to maintain the appropriate code rate and latency of the high priority PUCCH. To be more specified, the total payload of HP UCI and LP UCI is set as a candidate payload size, and the PUCCH resource with the smallest resource ID that can carry the payload size is chosen for multiplexing. If the payload size is very large and no PUCCH resource can carry, dropping or partial dropping of low priority UCI can be performed. 
Proposal 4. [bookmark: OLE_LINK20][bookmark: OLE_LINK21]The PUCCH resources configured in PUCCH-config with high priority should be considered for multiplexing UCIs with different priorities. 
 Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]To improve the scheduling flexibility, it is reasonable to support one PUCCH overlaps with more than one PUCCHs, for example, a high priority HARQ-ACK overlaps with one low priority HARQ-ACK and one low priority SR. In this case, a joint multiplexing method can be considered instead of the two step approach in Rel-16. For the PUCCH resource determination, a similar scheme proposed in last sub-bullet can be considered, i.e. take the total payload of all the PUCCHs as a candidate payload size, and one of the PUCCH resources configured as high priority is selected to do the piggyback.
Proposal 5. Support multiplexing in case a PUCCH overlaps with more than one PUCCH, and a joint multiplexing method can be considered instead of the two step approach in Rel-16.
 PUCCH VS PUSCH with different priorities
[bookmark: OLE_LINK37]For a low priority HARQ-ACK being multiplexed on a high priority PUSCH, two set of parameters such as betaoffsets and alpha can be separately configured in order to constraint the maximum available symbols for low priority PUCCH and guarantee the reliability of PUSCH. If the code rate of high priority PUSCH is already high, even betaoffset = 0 could be considered to configure to implicitly disable the UCI piggyback on PUSCH.
Proposal 6. Two set of parameters such as betaoffsets and alpha can be separately configured in order to constraint the maximum available symbols for low priority PUCCH and guarantee the reliability of PUSCH, and even beta-offset = 0 could be considered to configure to implicitly disable the UCI piggyback on PUSCH
A high priority PUCCH can be multiplexed on a low priority PUSCH under certain circumstances. For example, if the end symbol of the PUSCH is later than the high priority PUCCH, the PUSCH should be dropped without multiplexing. In addition, if the PUSCH supports hopping, the PUCCH should be multiplexed on the first hop to guarantee latency.  
Proposal 7. [bookmark: OLE_LINK11] A high priority PUCCH should be multiplexed on a low priority PUSCH under certain circumstances.
Multiplexing rule and order
[bookmark: OLE_LINK9]Since P/SP CSI on PUCCH is always treated as low priority in Rel-16 URLLC, if a PUCCH carrying P/SP CSI overlaps with a PUCCH carrying high priority HARQ-ACK, multiplexing between P/SP CSI and HARQ-ACK could be considered. Similarly, if a PUCCH carrying SR encounters a PUCCH carrying HAQR-ACK with a different priority, multiplexing between them can also be taken into account. In general, for the dropping sequence, signals with lower priority should be dropped first, i.e., low priority-> high priority. For signals with same priority, the dropping sequence can follow Rel-15 rule, i.e., CSI->SR->HARQ-ACK.
Proposal 8. The dropping rule should follow low priority->high priority with different priorities, and follow CSI->SR->HARQ-ACK with same priority.
[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]The latency can be maintained by dropping the low priority PUCCH if the end symbol of its PUCCH resource is later than that of the high priority PUCCH, or by multiplexing on the third PUCCH resource with last symbol no later than that of high priority PUCCH resource.
Proposal 2. Separate coding can be considered for multiplexing of two different priority PUCCHs. 
Proposal 3. Cross sub-slot can be considered if the latency of high priority UCI can be guaranteed after multiplexing.
Proposal 4. The PUCCH resources configured in PUCCH-config with high priority should be considered for multiplexing UCIs with different priorities. 
Proposal 5. Support multiplexing in case a PUCCH overlaps with more than one PUCCH, and a joint multiplexing method can be considered instead of the two step approach in Rel-16.
Proposal 6. [bookmark: OLE_LINK1]Two set of parameters such as betaoffsets and alpha can be separately configured in order to constraint the maximum available symbols for low priority PUCCH and guarantee the reliability of PUSCH, and even beta-offset = 0 could be considered to configure to implicitly disable the UCI piggyback on PUSCH
Proposal 7. A high priority PUCCH can be multiplexed on a low priority PUSCH under some circumstances.
Proposal 8. The dropping rule should follow low priority->high priority with different priorities, and follow CSI->SR->HARQ-ACK with same priority.
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