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1 Introduction

In the RAN #83 meeting, a new WID [1] on Physical Layer Enhancements for NR URLLC was approved with the following objectives: 
· Specification of PDCCH enhancements [RAN1]

· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 

· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.
· Specification of UCI enhancements [RAN1]

· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]

· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· Specification of enhancements to scheduling/HARQ [RAN1]

· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs
· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain
· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments 
· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]

· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  
· Specification of enhanced UL configured grant transmission [RAN1, RAN2]

· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· Note: V2X use cases are also considered 
The contribution provides the work plan for this Rel-16 work item.      
2 Work plan for Rel-16 URLLC WI (Physical layer)
The overall work plan for each meeting is shown in Figure 1 based on the objectives in [1] and the RAN1 TU allocation given in [2] and RAN2 TU allocation given in [3].




Figure 1 Overall work plan for Rel-16 NR ULLC 
RAN1 #96bis meeting (April, 2TU)
· Discuss PDCCH enhancements
· Discuss UCI enhancements 
· Discuss PUSCH enhancements
· Discuss Enhancements to scheduling/HARQ
· Discuss Enhanced UL inter UE Tx prioritization/multiplexing  
· Discuss Enhanced UL configured grant transmission
Initial discussion of the above enhancements. 

· PDCCH enhancements: Mainly focuses on increased PDCCH monitoring capability. Main discussion on DCI format may start from RAN1#98 meeting, considering that DCI format design may be impacted by the enhancements on other aspect(s) in this work item and/or other Rel-16 work item (e.g. MIMO enhancements). 
· UCI enhancements: Mainly focuses on more than one PUCCH for HARQ-ACK transmission within a slot considering it will have impact on all other aspects under UCI enhancements, and at least conclude on the high-level solution to support this enhancement, e.g. sub-slot based mechanism and/or PDSCH grouping based mechanism. Initial discussion of other aspects, e.g. the support of at least two HARQ-ACK codebooks simultaneously constructed.  
· PUSCH enhancements: Further discuss the candidate solutions based on the agreements from study item, and down-select the candidate solutions if possible.    
· Enhancements to scheduling/HARQ: Further discuss and clarify each candidate solution from the study item for out-of-order HARQ-ACK and out-of-order PUSCH scheduling. Down-select to some of the candidate solutions if possible, otherwise achieve the agreements on some common aspect(s) from the candidate solutions.     
· Enhanced UL inter UE Tx prioritization/multiplexing: Further discuss the detailed design for both UL cancellation scheme and enhanced UL power control scheme. For UL cancellation scheme, down-select to some of the candidate solutions if possible on aspects like UL cancellation indication (e.g. PDCCH based or sequence based, group common signaling or UE-specific signaling) and UE behavior after cancellation (e.g. resume or not resume the transmission). Note that based on the discussion of the objectives of the WID, it was clarified that the target use cases for enhanced UL inter UE Tx prioritization/multiplexing should include grant based eMBB v.s. grant based URLLC and grant based eMBB v.s. grant free URLLC.      
· Enhanced UL configured grant transmission: Further discuss the detailed design for multiple active configured grant type 1 and type 2 configurations, e.g. signalling design of configurations, maximum number of active configurations, HARQ process ID determination, activation/deactivation mechanisms for type 2 configured grant. Note that based on the discussion of the objectives of the WID, it is common understanding that enhancements in section 8.2.2 in TR 38.824 to reduce the latency and ensure reliability would be further discussed in the work item phase.       
RAN1 #97 meeting (May, 2TU)

· Discuss PDCCH enhancements
· Discuss UCI enhancements 
· Discuss PUSCH enhancements
· Discuss Enhancements to scheduling/HARQ
· Discuss Enhanced UL inter UE Tx prioritization/multiplexing  
· Discuss Enhanced UL configured grant transmission
Continue discussion of the above enhancements and conclude on some aspects for each enhancement. 

· PDCCH enhancements: Further discuss increased PDCCH monitoring capability, and conclude on some aspects for increased maximum number of CCEs for channel estimation per slot, e.g. the applicable SCS and the potential restrictions. Continue discussion of enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions).    
· UCI enhancements: Further discuss more than one PUCCH for HARQ-ACK transmission within a slot, and conclude on detailed aspects if possible, e.g. granularity of K1, HARQ-ACK codebook determination and PUCCH resource configuration. Continue discussion of the support of at least two HARQ-ACK codebooks simultaneously constructed, conclude on some aspects like how to identify the HARQ-ACK codebook if possible. Initial discussion of other aspects like UCI multiplexing on PUCCH/PUSCH, e.g. PUCCH with URLLC HARQ-ACK v.s. PUCCH with URLLC HARQ-ACK and PUCCH with URLLC HARQ-ACK v.s. PUSCH with URLLC data. Note that initial discussion of UCI on PUCCH/PUSCH for intra-UE multiplexing are included here also.  
· PUSCH enhancements: Conclude on the down-selection of the candidate solution. Initial discussion of detailed design of the selected solution.   
· Enhancements to scheduling/HARQ: Further discuss the candidate solutions and down-select to one or several of them if possible.
· Enhanced UL inter UE Tx prioritization/multiplexing: Further discuss the detailed design for both UL cancellation scheme and enhanced UL power control scheme. For UL cancellation scheme, down-select to some of the candidate solutions on aspects like UL cancellation indication (e.g. PDCCH based or sequence based, group common signaling or UE-specific signaling) and UE behavior after cancellation (e.g. resume or not resume the transmission). 
· Enhanced UL configured grant transmission: Further discuss and conclude on the detailed design for multiple active configured grant type 1 and type 2 configurations, e.g. signalling design of configurations, maximum number of active configurations, HARQ process ID determination, activation/deactivation mechanisms for type 2 configured grant. Conclude whether any enhancements in section 8.2.2 in TR 38.824 to reduce the latency and ensure reliability are needed.       
RAN1 #98 meeting (Aug, 2TU)

· Discuss PDCCH enhancements
· Discuss UCI enhancements 
· Discuss PUSCH enhancements
· Discuss Enhancements to scheduling/HARQ
· Discuss Enhanced UL inter UE Tx prioritization/multiplexing  
· Discuss Enhanced UL configured grant transmission
Continue discussion of the above enhancements and conclude on some aspects for each enhancement. 

· PDCCH enhancements: Further discuss increased PDCCH monitoring capability and conclude on the remaining aspects for increased maximum number of CCEs for channel estimation per slot. Continue discussion of enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions). Initial discussion of DCI format design, may focus on reduction of some potential fields in Rel-15 DCI.     
· UCI enhancements: Discuss and conclude all the remaining aspects for more than one PUCCH for HARQ-ACK transmission within a slot. Continue discussion of the support of at least two HARQ-ACK codebooks simultaneously constructed, conclude on prioritization/multiplexing of the two HARQ-ACK codebooks in case of overlapped if possible. Continue discussion of other aspects like UCI multiplexing on PUCCH/PUSCH.  
· PUSCH enhancements: Discuss and conclude on the remaining aspects for PUSCH enhancements.   
· Enhancements to scheduling/HARQ: Discussion and conclude on the remaining aspects for enhancements to scheduling/HARQ.  
· Enhanced UL inter UE Tx prioritization/multiplexing: Further discuss the detailed design for both UL cancellation scheme and enhanced UL power control scheme and conclude on detailed design as much as possible. 
· Enhanced UL configured grant transmission: Further discuss and conclude on the detailed design on enhanced UL configured grant transmission in RAN1. Note that RAN2 aspects related to enhanced UL configured grant transmission would be discussed also.  

RAN1 #98bis meeting (October, 2TU)

· Discuss PDCCH enhancements
· Discuss UCI enhancements 
· Discuss remaining aspects (if any) of PUSCH enhancements
· Discuss remaining aspects (if any) of Enhancements to scheduling/HARQ
· Discuss Enhanced UL inter UE Tx prioritization/multiplexing  
· Discuss remaining aspects (if any) of Enhanced UL configured grant transmission 
Continue discussion of the above enhancements and conclude on some aspects for each enhancement. 

· PDCCH enhancements: Continue discussion of DCI format design and conclude on the details as much as possible. Conclude on whether to do enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) if possible.    
· UCI enhancements: Continue discussion of UCI multiplexing on PUCCH/PUSCH and conclude on the detailed design as much as possible.  
· PUSCH enhancements: Discuss and conclude on the remaining aspects (if any) for PUSCH enhancements.   
· Enhancements to scheduling/HARQ: Discussion and conclude on the remaining aspects (if any) for enhancements to scheduling/HARQ if any.  
· Enhanced UL inter UE Tx prioritization/multiplexing: Further discuss the detailed design for both UL cancellation scheme and enhanced UL power control scheme and conclude on detailed design as much as possible. 
· Enhanced UL configured grant transmission: Further discuss the remaining aspects (if any) on enhanced UL configured grant transmission in RAN1.  

Discussion on draft CRs for Rel-16 URLLC. Note the CRs may be editor CRs and would be handled by email discussion. 
RAN1 #99 meeting (November, 2TU)

· Conclude on PDCCH enhancements
· Conclude on UCI enhancements 
· Conclude on PUSCH enhancements 
· Conclude on Enhancements to scheduling/HARQ 
· Conclude on Enhanced UL inter UE Tx prioritization/multiplexing 
· Conclude on Enhanced UL configured grant (grant free) transmission 
Continue discussion of the above enhancements and conclude on all remaining aspects of each enhancement. 

· PDCCH enhancements: Continue discussion of DCI format design and conclude on all aspects of the details. Conclude on enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) if supported.    
· UCI enhancements: Continue discussion of UCI multiplexing on PUCCH/PUSCH and conclude on all remaining aspects of the detailed design as much as possible.  
· PUSCH enhancements: Discuss and conclude on the remaining aspects (if any) for PUSCH enhancements.   
· Enhancements to scheduling/HARQ: Discussion and conclude on the remaining aspects (if any) for enhancements to scheduling/HARQ if any.  
· Enhanced UL inter UE Tx prioritization/multiplexing: Continue discussion of the detailed design for both UL cancellation scheme and enhanced UL power control scheme, and conclude on all the remaining aspects of the detailed design. 
· Enhanced UL configured grant transmission: Further discuss the remaining aspects (if any) on enhanced UL configured grant transmission in RAN1.
Finalize CRs for Rel-16 URLLC.
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PDCCH enhancements: DCI format


UCI enhancements


Enhanced UL inter UE Tx prioritization/ multiplexing 





Remaining issues of the following aspects if any


Increased PDCCH monitoring capability


PUSCH enhancements


Enhancements to scheduling/HARQ


Enhanced UL configured grant transmission 





Discussion on draft CRs and finalize the CRs 





RAN2 (RAN2#108)


Remaining RAN2 aspects of enhanced UL configured grant transmission if any 


Other aspects need RAN2 work if any 





RAN2 (RAN2#109)


Higher layer signaling and/or capability design if any depending on RAN1 work  








PDCCH enhancements


Increased PDCCH monitoring capability


DCI format (start from RAN1#98)   


UCI enhancements


PUSCH enhancements 


Enhancements to scheduling/HARQ  


Enhanced UL inter UE Tx prioritization/ multiplexing  


Enhanced UL configured grant transmission





RAN2 (RAN2#107)


Enhanced UL configured grant transmission 


Other aspects need RAN2 feedback if any 











