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1 Introduction

In the RAN #80 meeting, a new SID [1] on Physical Layer Enhancements for NR URLLC was approved with the following objectives: 
Establishing the baseline performance achievable with Release 15 URLLC considering the prioritized URLLC use cases identified in the justification section. Besides the baseline Release 15 URLLC performance, the study will investigate the necessary improvement for the prioritized URLLC use cases in the justification section and how to meet the requirements for those use cases in Release 16 with higher requirements, such as:

· Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)

· Relevant development in other work and study items to be taken into account.

URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing 

Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)

The contribution provides the work plan for this Rel-16 study item.      
2 Work plan for Rel-16 URLLC SI (Physical layer)
The overall work plan for each RAN1 meeting is shown in Figure 1 based on the objectives in [1] and the TU allocation given in [2]. 
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Figure 1 Overall work plan for Rel-16 NR ULLC 
RAN1 #94 meeting (August, 1TU)
· Conclude on evaluation methodology and simulation assumptions 
· Discuss Layer 1 enhancements 
· Discuss UL inter UE Tx prioritization/multiplexing  
· Discuss enhanced UL configured grant (grant free) transmission
Identify and conclude on the detailed requirements for the use cases for Rel-16 NR URLLC. 

Conclude on the evaluation methodology and simulation assumptions at least for transport industry and electrical power distribution. (Factory automation may need to be updated after the normal handling of the 5G-ACIA LS to RAN on channel model for indoor industrial scenarios). Simulation assumptions for system level evaluations are use case dependent, i.e. different simulation settings for transport industry, electrical power distribution and factory automation. 

Discuss the following potential enhancements and identify high-level evaluation methodology for each enhancement (e.g. by using system level simulation or link level simulation):

· Layer 1 enhancements 
· UL inter UE Tx prioritization/multiplexing 
· Enhanced UL configured grant (grant free) transmission 
Discuss and endorse the skeleton of the TR 38.824 on Rel-16 NR URLLC. 

RAN1 #94bis meeting (October, 1TU)

· Discuss the baseline performance achievable with Rel-15 NR URLLC and identify the performance gap 
· Discuss Layer 1 enhancements
· Discuss UL inter UE Tx prioritization/multiplexing   
· Discuss enhanced UL configured grant (grant free) transmission
Note: The RAN2 IIOT SI has its own TU budget and (depending on RAN#81 decisions on intra-UE multiplexing) there could be a subagenda for that SI listed together with the above.   
Conclude on the baseline performance achievable with Rel-15 NR URLLC at least for one use case, e.g. transport industry. Identify the performance gap between Rel-15 NR URLLC and Rel-16 NR URLLC requirements.  
Discuss Layer 1 enhancements. Focus on PDCCH enhancements and UCI enhancements. Conclude on the following aspects if possible:
· Compact DCI: the potential benefits from compact DCI under a certain range of payload size, and the potential principle to achieve the compact DCI.
· PDCCH repetition: the potential benefits from PDCCH repetition and the corresponding mechanism. 
· PDCCH monitoring capability: the potential benefits from increasing PDCCH monitoring capability under a certain range of the number of BDs and the number of CCEs for channel estimation.  
· UCI enhancements: the potential benefits from increasing the number of HARQ-ACK transmission possibilities within a slot and from the enhancements to CSI.
Discuss UL inter UE Tx prioritization/multiplexing and summarize the candidate enhancements.
Discuss enhanced UL configured grant (grant free) transmission. Focus on explicit HARQ-ACK. 
· Conclude on the potential benefits from explicit HARQ-ACK if possible.  
· Discuss K repetitions and mini-slot repetitions if time permits 
Update the TR 38.824 on Rel-16 NR URLLC. 

RAN1 #95 meeting (November, 2TU)

· Discuss Layer 1 enhancements
· Discuss UL inter UE Tx prioritization/multiplexing   
· Discuss enhanced UL configured grant (grant free) transmission
Discuss layer 1 enhancements. Focus on PUSCH enhancements and processing timeline enhancements. 
· PDCCH enhancements & UCI enhancements: Conclude on the remaining aspects on PDCCH enhancements and UCI enhancements.
· PUSCH enhancements: which aspects are needed among mini-slot level hopping and mini-slot level retransmission/repetition. And if needed the potential layer 1 impact. 
· Enhancements to processing timeline: the potential benefits from scheduling/HARQ/CSI processing timeline enhancements
Discuss UL inter UE Tx prioritization/multiplexing. Striving for concluding on the potential benefits from the enhancements to UL inter UE Tx prioritization/multiplexing. 
Discuss enhanced UL configured grant (grant free) transmission. Focus on K repetitions and mini-slot repetitions.
· Conclude on the remaining aspects on explicit HARQ-ACK.  
· Discuss K repetitions and mini-slot repetitions. 
Update the TR 38.824 on Rel-16 NR URLLC. 

RAN1 #AH 1901 meeting (January, xTU)

· Discuss Layer 1 enhancements
· Discuss UL inter UE Tx prioritization/multiplexing   
· Discuss enhanced UL configured grant (grant free) transmission
Discuss layer 1 enhancements. 
· PDCCH enhancements & UCI enhancements: Conclude on the remaining aspects (if any) on PDCCH enhancements and UCI enhancements.
· PUSCH enhancements: Conclude on the remaining aspects (if any) on PUSCH enhancements.
· Enhancements to processing timeline: Conclude on the remaining aspects (if any) on enhancements to processing timeline.
Discuss UL inter UE Tx prioritization/multiplexing. Striving for concluding on the potential enhancements to be further studied if enhancements are needed. 
Discuss enhanced UL configured grant (grant free) transmission.
· Conclude on remaining aspects on explicit HARQ-ACK.  
· Conclude on K repetitions and mini-slot repetitions. 
Update the TR 38.824 on Rel-16 NR URLLC. 

RAN1 # 96 meeting (February, 2TU)

· Conclude on the remaining aspects on layer 1 enhancements
· Conclude on the remaining aspects on UL inter UE Tx prioritization/multiplexing 
· Conclude on the remaining aspects on enhanced UL configured grant (grant free) transmission. 
· Endorse the TR 38.824 on Rel-16 NR URLLC  
Conclude on the remaining aspects of all aspects, including baseline performance, layer 1 enhancements, UL inter UE Tx prioritization/multiplexing, and grant free.

Endorse the TR 38.824 on Rel-16 NR URLLC. 
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