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1. Introduction

In Rel-15, the timeline requirement and multiplexing rules for overlapping PUCCH channels have been defined as in TS 38.213 mainly for eMBB service. And we intend to analyze the current multiplexing timeline rules for PUCCH channels in this proposal to get a view of enhancements needed for URLLC.
2. PUCCH/PUSCH multiplexing rules in NR Rel-15
Detailed description of PUCCH multiplexing procedure for different cases can refer to section 9.2.5. And we observed that there are two common points among the all the cases,

Point 1, Original channels to be multiplexed need to satisfy the timeline requirements. The purpose of setting timeline requirements is to allow enough time for data decoding/preparation and data multiplexing. So the timeline require the first symbol of all the overlapping channels can’t be too close to the scheduling DCI. Generally, the timeline has the following form in REL-15 as the agreement in #92b
	#92b Agreements:
· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,

· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n

· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 

· The definition of N1 and N2 follows the same definition in current NR spec. 


Point 2, The finally used resource for transmission after multiplexing is selected according to different rules considering priority, channel capacity and PUCCH resource indication and so on, while time delay is not a factor included. This means the finally transmitted channel can be later than the original channels 
3. Applicability analysis for URLLC channels 
Let’s consider a scenario that multiple overlapping PUCCH channels and among which at least one is URLLC PUCCH channel. In order to guarantee enough time for preparation of multiplexing, the above timeline in Point 1 should also be satisfied. But the actual value number of N1/N2/X/Y may need specific design for URLLC considering URLLC service may occupy less OFDM symbols in time domain which leads to shorter data decoding/preparation time.  
Proposal 1: The general form of timeline requirements still apply to URLLC channels while the actual value of N1/N2/X/Y in the timeline may need specific design for URLLC.
As to Point 2, we don’t think it can apply to URLLC service since the original channels can be delayed to a later channel after multiplexing. That means the finally transmitted channel can be later than the URLLC channel. This is a risky behavior since the delayed URLLC channel may not be able to satisfy the stringent delay requirement for the certain type of URLLC service.
Proposal 2: URLLC channels should not be delayed after multiplexing compared to the original channels.
4. Conclusion

In this contribution, we analyze the multiplexing timeline rules for URLLC PUCCH channels in this proposal to get a view of enhancements needed. In summary, we have the following proposals for capturing. 

Proposal 1: The general form of timeline requirements still apply to URLLC channels while the actual value of N1/N2/X/Y in the timeline may need specific design for URLLC.
Proposal 2: URLLC channels should not be delayed after multiplexing compared to the original channels.
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