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1.
Introduction

The revised WID on Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) was approved at TSG RAN #84 [1]. One of the added objectives of this work item is specification of URLLC RAN4 core requirements based on Rel-15 URLLC functionalities.
This contribution provides an overview on the Rel-16 physical layer enhancements included in this work item and discuss corresponding RF core requirements, if any, that need to be specified in RAN4.
2.
Discussion
The Rel-16 physical layer enhancements included in [1] are listed below, together with discussion of corresponding RF core requirements, if any, that need to be specified in RAN4.

· 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)
Discussion: In LTE no new test case was created for new DCI payload changes and we already have variable payload size. This enhancement is just a different payload size. This would not have impact on RF performance and hence no new RF core requirement is needed.
· 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.
Discussion: This enhancement includes more CCEs and less constraints. Dropping of search space might have less frequent occurrence. This would not have impact on RF performance and hence no new RF core requirement is needed.
· Specification of UCI enhancements [RAN1]

· More than one PUCCH for HARQ-ACK transmission within a slot
Discussion: This enhancement includes more PUCCHs per slot but probably no change of structure/format for each PUCCH. Although payload of the two UCIs per slot might be intertangled, there is no split of the information over more UCIs. This would not have impact on RF performance and hence no new RF core requirement is needed.
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
Discussion: This enhancement might include different encoding of codewords if joint encoding is adopted where the payload of each UCI can contain information for more than one service types. This would not have impact on RF performance and hence no new RF core requirement is needed.
· 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
Discussion: This enhancement includes repetition over slot boundaries, which might include uneven length of PUSCH and thus different code block sizes within the same TB. This should not require a lower SNR compared to those FRC currently specified, as similar SNR is needed if the total number of data symbols/REs that carry PUSCH stays similar. This would not have impact on RF performance and hence no new RF core requirement is needed.
· Specification of enhancements to scheduling/HARQ [RAN1]

· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs
Discussion: This enhancement means HARQ ACK of second PDSCH can be transmitted before the first one. There might be possible restriction of scheduling capabilities due to processing time constraints. This would not have impact on RF performance and hence no new RF core requirement is needed.
· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain
Discussion: This enhancement means second PUSCH can be scheduled before the first one. There might be possible restriction of scheduling capabilities due to processing time constraints. This would not have impact on RF performance and hence no new RF core requirement is needed.
· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments 
Discussion: This enhancement means the lower priority allocation might be punctured or dropped to make way for the higher priority allocation. This would not have impact on RF performance and hence no new RF core requirement is needed.
· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]

· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
Discussion: This enhancement means UE needs to stop its previously started PUSCH transmission when it receives the message for UL cancelation, and BS is not expected to decode the TB. A new UE transmit ON/OFF time mask would need to be specified in RAN4 to verify the UE stops transmission within a certain time limit after it receives the message for UL cancelation.
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  
Discussion: This enhancement includes new UL power control scheme. New UE power control requirements would need to be specified in RAN4 to verify the UE adjusts its transmit power following the new UL power control scheme.
· 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 
Discussion: This enhancement means there can be more than one configured grant configurations in RRC. This would not have impact on RF performance and hence no new RF core requirement is needed.
3.
Conclusion

This contribution has provided an overview on the Rel-16 physical layer enhancements included in this work item and discuss corresponding RF core requirements, if any, that need to be specified in RAN4. To conclude, there is no need for new BS RF core requirement, and new UE RF core requirement would only be needed for verifying the UL cancelation scheme and enhanced UL power control scheme.
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