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Introduction
In RAN#80 plenary meeting a new SI on Physical Layer Enhancements for NR URLLC for Rel-16 was agreed [1]. One of the identified objectives of this SI is to study the physical layer enhancements for URLLC:
· 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)
In RAN1 meeting #94 [2], the following agreements related to physical layer enhancements for PDCCH were achieved:
Agreements:
Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Further evaluate PDCCH reliability 
· Further evaluate PDCCH blocking 
· Companies describe the resource utilization 
· Complexity should be considered
· Latency of the enhancement(s) should be considered

In RAN1#94, the elimination of transmitting a DCI format for scheduling PDSCH (similar to UL grant-free operation) as a useful physical layer enhancement for URLLC was discussed [3]. In this document, we discuss our view on downlink data reception with configured scheduling or DCI-less PDSCH as a potential physical layer enhancements for URLLC. We also discuss another related alternative which is transmission of downlink data on PDCCH. 
1 PDSCH without UE-specific DCI
In many URLLC applications, transport block sizes are small. Because of small transport block sizes and the requirement for high reliability, the DL control channel may become an inefficient overhead as the DCI overhead may become comparable or even larger than the data packet itself. Also, using the UE-specific PDCCH for scheduling all downlink data (even for very small TB sizes) may excessively increase the probability of PDCCH blocking for both URLLC and eMBB UEs.

In Rel-15 NR, the DL-SPS was adopted to reduce the PDCCH overhead for a periodic traffic. However, when it comes to a sporadic traffic, the DL-SPS may impose a large overhead on the DL resources as those resources are allocated semi-persistently according to the pre-configured periodicity.
  
One approach to address the downlink control overhead associated with the sporadic traffic is to enable downlink data transmission without any dynamic scheduling assignment. In this approach, similar to the UL grant-free operation which is based on a configured UL grant, the UE can be configured with the DL scheduling assignments for PDSCH reception. In this case, a UE blindly decodes PDSCH candidates based on the information it receives from the semi-static configuration. When the TB size is comparable to the DCI size or when the number of PDSCH candidates are small, the PDSCH blind decoding complexity could be comparable to the PDCCH blind decoding complexity. Also, this approach may provide better performance, in terms of overall resource efficiency, reliability, and latency. The improvement in overall resource efficiency can be attributed to the removal of the large overhead of UE-specific PDCCH while the improvement in latency is due to one shot DL data reception, instead of receiving PDSCH after blind detection of PDCCH. Also, the reliability of PDSCH reception can be improved by reduction in the blocking probability of PDCCH which is one of the contributors to the overall error rate of data reception. 

Proposal 1: R16 URLLC SI should study downlink data reception with configured scheduling. 

Similar to the limits defined in Rel-15 on the maximum number of monitored PDCCH candidates per slot and the maximum number of non-overlapped CCEs, a limit can be defined on the maximum number of monitored PDSCH candidates per slot or the associated number of CBs. To further lower the burden of blind decoding complexity, in some applications where downlink data transmissions to different UEs are sporadic, but correlated in time, GC-PDCCH may be used to dynamically indicate the PDSCH monitoring occasions or limit the monitored PDSCH candidates.

As an alternative approach to reduce the overhead of PDCCH+PDSCH, one may just transmit the data on PDCCH, when the data packet size is small enough to fit in a PDCCH. In fact, in some representative use cases for URLLC, the packet sizes of 20 to 50 bytes are currently being used. A PDCCH candidate with aggregation level of 8 or 16 has sufficient resource elements for transmitting such packet sizes with appropriate coding rate. For example, a PDCCH candidate with aggregation level of 8 and the code rate of ½ can be used for transmitting (8*54-24)/8 = 51 bytes of data information which happen to be sufficient for supporting the maximum expected packet size for factory automation (Motion control) use case [2].
Proposal 2:	For small TB sizes, R16 URLLC SI should study the possibility of downlink data reception on PDCCH.

Summary

[bookmark: _Ref455734493][bookmark: _Ref434502751][bookmark: _Ref419296613][bookmark: _Ref434227915][bookmark: _Ref434501473]In this contribution, transmitting downlink data without dynamic UE-specific scheduling was discussed. The following proposals were made:
Proposal 1: R16 URLLC SI should study downlink data reception with configured scheduling. 
Proposal 2:	For small TB sizes, R16 URLLC SI should study the possibility of downlink data reception on PDCCH.
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