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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
[bookmark: OLE_LINK47]In Rel-16 URLLC, only dropping is supported to deal with overlapping signals with different priorities. However, always dropping low priority signals may leads to very poor performance in some cases, especially for eMBB HARQ-ACK. In addition, multiplexing among different priorities may not always affect reliability of high priority signal. For example, if a URLLC UCI is configured to transmit on a long PUCCH and coded with low coderate, it can also carry a short eMBB UCI under some circumstances without much burden. Overall, multiplexing schemes between/among different priority signals can be considered as a starting point. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Table 1 summarizes our supportive scenarios of multiplexing behaviours between high priority and low priority UL transmissions for Rel-17 URLLC.
Table 1: Scenarios for Rel-17 URLLC
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Specified in Rel-16.
	
	
	

	CSI
	Support to define multiplexing behavior
	Support to define multiplexing behavior
	
	

	URLLC PUSCH
	Specified in Rel-16
	Specified in Rel-16
	Support to define multiplexing behavior
	

	eMBB SR
	Up to RAN2
	Support to define multiplexing behavior
	Specified in Rel-15
	Up to RAN2

	eMBB HARQ-ACK
	Support to define multiplexing behavior
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Support to define multiplexing behavior
	Specified in Rel-15
	Support to define multiplexing behavior

	eMBB PUSCH
	Up to RAN2 
	Support to define multiplexing behavior.
	Specified in Rel-15
	Out of scope



Below is some detailed discussions.
[bookmark: OLE_LINK48]Low priority PUCCH VS high priority PUCCH
If a low priority PUCCH is multiplexed on 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 coderate on the PUCCH resource.
On the contrary, if a high priority PUCCH is multiplexed on a low priority PUCCH, the reliability can also be guaranteed by separately coding on a same PUCCH resource. In addition, in order to maintain the latency of high priority PUCCH, UE can drop the low priority PUCCH if end symbol of its original PUCCH resource is later than that of the high priority PUCCH. 
Proposal 1. Separate coding can be considered for multiplexing of two different priority PUCCHs. 
Proposal 2. 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.
Low priority PUCCH VS high priority PUSCH
For a low priority PUCCH (including HARQ-ACK, SR and CSI) 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.
Proposal 3. For a low priority PUCCH 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.
Low priority PUSCH VS high priority PUCCH
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 and no multiplexing should be considered. In addition, if the PUSCH supports hopping, the PUCCH should be multiplexed on the first hop to guarantee latency.  
Proposal 4.  A high priority PUCCH can be multiplexed on a low priority PUSCH under certain circumstances.
 Dropping rules
[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 5. 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. Separate coding can be considered for multiplexing of two different priority PUCCHs. 
Proposal 2. 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.
Proposal 3. For a low priority PUCCH 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.
Proposal 4. A high priority PUCCH can be multiplexed on a low priority PUSCH under some circumstances.
Proposal 5. 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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