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1  Introduction
During RAN plenary #79, a new version of the release 15 NR specifications was approved. It was also agreed to address URLLC related aspects in the NR June release. 
NR procedures for handling the overlapping PUSCH/PUCCH and PUCCH/PUCCH transmissions have been made with no or limited considerations for URLLC services. In this contribution we consider the URLLC aspects related to the overlapped UL transmissions and discuss what kind of enhancements are needed to the existing NR rules to provide reasonable support for URLLC. The remaining open items on UCI multiplexing are addressed on the company contribution [1]. 
[bookmark: _Hlk513197898]2  Discussion
One of the URLLC related aspects is long PUCCH overlapping with single or multiple short PUSCH transmissions. For example, long PUCCH may be semi-statically configured to carry periodic or semi-persistent CSI, while short PUSCH may contain either grant-based or grant-free URLLC transmission.  
In RAN1#92bis [2], working assumption on UCI multiplexing was agreed for the single-slot PUSCH/PUCCH case:
Working assumption:
· 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) 
· [bookmark: _Hlk513213383][bookmark: _Hlk513459512]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. 
· X and Y are non-negative integer values.
· FFS on values of X and Y 
· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 
· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.
· FFS: how to handle HARQ-ACK for semi-static PDSCH.
· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.
· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 
· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.

According to the working assumption, UCI from PUCCH would be multiplexed on PUSCH if the timeline requirements ensuring sufficient UE processing time are met. If not, UE considers that as an error case for which UE behavior is not specified. Further, we propose in [1] that the UCI multiplexing rules for fully overlapping single-slot PUCCH/PUSCH or PUCCH/PUCCH allocations are used in the case of partially overlapping semi-static single-slot PUCCH/PUSCH or PUCCH/PUCCH allocations. 
However, further refinements are needed for URLLC PUSCH transmissions. Short PUSCH may need to be scheduled with the non-slot based scheduling in such manner that the time gap between the last symbol of scheduling PDCCH and the first symbol of the earliest PUCCH is too short for UCI multiplexing as shown in Figure 1. According to the working assumption, this would be considered as an error case, which is not desirable from URLLC viewpoint. Instead, when timeline requirements for UCI multiplexing are not met, UE supporting URLLC should cancel or stop the long PUCCH transmission and transmit the partially overlapping PUSCH. Additionally, we do not see need to further multiplex the PUCCH on the short PUSCH. In the case that UE simultaneously transmits HARQ feedback for URLLC PDSCH, it can be assumed that gNB schedules PUSCH and HARQ feedback PUCCH so that PUCCH dropping does not occur.  
Also in the case of grant-free PUSCH, it is possible that UE starts PUSCH preparations so late that UCI multiplexing is not possible. In case of eMBB, UE should delay the PUSCH to next PUSCH resource occurance. However, this is not desirable from URLLC viewpoint. Instead, we propose to support for URLLC an option where UE may cancel or stop the long PUCCH transmission and transmit the partially overlapping grant-free PUSCH. Again, we do not see need to further multiplex the PUCCH on the grant-free PUSCH. It can be assumed that gNB configures HARQ feedback PUCCH resources that have the first symbol time aligned with grant-free PUSCH resources so that HARQ feedback for URLLC PDSCH gets multiplexed on the grant-free PUSCH with the corresponding UCI multiplexing mechanism. 
Proposal #1: For supporting URLLC, when the first symbol of PUCCH starts earlier than N2 after the last symbol of PDCCH scheduling UL transmission, UE cancels or stops the PUCCH transmission and transmits the PUSCH.
Proposal #2: For supporting URLLC, UE can be configured as part of grant-free PUSCH configuration to either multiplex all UCIs on the PUSCH or to cancel/ stop the PUCCH transmission and to transmit the PUSCH when partially overlapping PUCCH starts earlier than the grant-free PUSCH transmission.
[image: ]
Figure 1. Example on the timeline between long PUCCH and partially overlapping short PUSCH.
From the different UCI types, SR has direct impact on URLLC performance when grant-based URLLC transmissions are used. Any additional delay in SR transmission will always increase the latency for the following, scheduled URLLC transmissions. Due to importance of SR latency, multiple SR opportunities per slot can be configured to UE. Further, gNB cannot efficiently facilitate optimal URLLC SR latency while scheduling eMBB transmissions to the same UE as SR transmission is initiated by UE. 
Additional delay on HARQ-ACK feedback impacts also URLLC performance but the impact is limited only to the cases where UE needs to transmit NACK after initial URLLC transmission(s). Further, the need and suitable mechanism to enhance HARQ feedback for URLLC PDSCH cannot be assessed before the UE’s processing time for URLLC PDSCH is agreed. If UE will follow single PDSCH processing time for both URLLC and eMBB PDSCH, there is only limited need to enhance HARQ feedback, while more need for HARQ feedback enhancements can be seen if PDSCHs can have different processing times depending e.g. on transport block size.        
Finally, the impact from delayed CSI report is not direct, as the impact depends e.g. how much CSI has actually changed from the previous CSI report. Based on the discussions above, we focus next on URLLC SR transmission overlapping with other UL transmissions.     
In particular, we consider cases where UE is configured with SR resource having periodicity less than 1 slot. The PUCCH resource for positive SR may partially overlap with a long PUCCH or PUSCH transmission (scheduled for eMBB). The can be two cases:
· positive SR for URLLC can be multiplexed on the overlapping long PUCCH or PUSCH transmission. However, due to the duration of PUCCH or PUSCH, the detection of SR is correspondingly delayed. Such delay is not acceptable for a SR procedure having multiple SR occasions per slot. 
· positive SR for URLLC cannot be multiplexed on the overlapping long PUCCH or PUSCH transmission due to UE processing time limitations. Positive SR transmission would be delayed to first SR occasion after the transmission of long PUCCH or PUSCH. However, such delay is not acceptable for a SR procedure having multiple SR occasions per slot. 
Hence, to support URLLC, we propose that in the case of positive SR and PUCCH resource for the SR overlaps with another PUCCH or PUSCH, UE can be configured either 
•	to multiplex the SR on the other PUCCH/PUSCH according to current agreements, or 
•	to multiplex the SR on the PUCCH/PUSCH if the PUCCH or PUSCH resource fully overlaps with the PUCCH SR resource, otherwise to cancel or stop PUCCH/PUSCH and transmit positive SR on the PUCCH resource configured for SR.
[bookmark: _GoBack]Proposal #3: For supporting URLLC in the case of positive SR and PUCCH resource for the SR overlapping with another PUCCH or PUSCH, UE can be configured as part of SR configuration either 
· to multiplex the SR on the other PUCCH/PUSCH according to current agreements, or 
· to multiplex the SR on the PUCCH/PUSCH if the PUCCH or PUSCH resource fully overlaps with the PUCCH SR resource, otherwise to cancel or stop PUCCH/PUSCH and transmit positive SR on the PUCCH resource configured for SR.  
[bookmark: _Hlk492897650]3  Conclusions
In this contribution, we discussed the URLLC aspects related to the overlapped UL transmissions. The following proposals were made: 
Proposal #1: For supporting URLLC, when the first symbol of PUCCH starts earlier than N2 after the last symbol of PDCCH scheduling UL transmission, UE cancels or stops the PUCCH transmission and transmits the PUSCH.
Proposal #2: For supporting URLLC, UE can be configured as part of grant-free PUSCH configuration to either multiplex all UCIs on the PUSCH or to cancel/ stop the PUCCH transmission and to transmit the PUSCH when partially overlapping PUCCH starts earlier than the grant-free PUSCH transmission.
Proposal #3: For supporting URLLC in the case of positive SR and PUCCH resource for the SR overlapping with another PUCCH or PUSCH, UE can be configured as part of SR configuration either 
· to multiplex the SR on the other PUCCH/PUSCH according to current agreements, or 
· to multiplex the SR on the PUCCH/PUSCH if the PUCCH or PUSCH resource fully overlaps with the PUCCH SR resource, otherwise to cancel or stop PUCCH/PUSCH and transmit positive SR on the PUCCH resource configured for SR.  
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