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Introduction
Basic support for URLLC was introduced in Rel-15. In order to support new use case requirements, a new SI was approved in the last RAN#80 meeting [1]. One of the objectives of URLLC physical layer enhancements is improving the reliability of PDCCH, which is treated in this contribution. 
  
Discussion
During Rel-15 work item, various enhancements to PDCCH for ensuring required reliability were discussed. With increased aggregation levels (e.g. AL =16) and Rx antennas (e.g. 4-Rx), a reliability requirement of 1e-5 could be met for all considered test case, except in 700Mhz TDL-A case which inherently lack frequency diversity. Although some companies expressed concerns that other test cases may also potentially fail without additional enhancements (such as new compact DCI or PDCCH repetitions) when implementation margin is considered, no consensus could be reached in Rel-15 for additional enhancements [2]. Given that new uses cases with even higher reliability requirements (i.e. 1e-6) are considered in Rel-16 [1], additional enhancements need to be considered.
HARQ based adaptive DL transmissions enable data to be transmitted reliably. However the delay associated with stop-and-wait HARQ could be prohibitively large for latency sensitive URLLC applications. Increased reliability without sacrificing latency could be achieved by increasing the number of transmission opportunity for PDCCH and/or PDSCH without waiting for ACK/NACK. HARQ-less PDSCH repetitions could be very spectrally inefficient as precious time-frequency resources are reserved for dynamically indicated number of retransmissions although a UE may be able to decode PDCCH and PDSCH of the initial transmission with relatively high probability. Therefore there is a need to study possible optimization on how to handle HARQ feedback. In order to save precious time-frequency resources, HARQ-less transmissions with early termination upon positive feedback detection at the gNB could be adopted. HARQ-less PDSCH repetitions with dynamic indication of number of repetitions, and ACK feedback only in early termination may improve PDSCH reliability but does not provide a mechanism for ensuring PDCCH reliability (i.e. missed detection of PDCCH cannot be detected, see Figure 1) like HARQ based method where DTX can imply the missed detection of PDCCH. 
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Figure 1 HARQ-less transmissions with early termination upon positive feedback detection
Noticing missed detection of PDCCH at the gNB is useful to avoid useless retransmissions. Using a very high AL or redundant PDCCH transmissions at the outset to increase the detection and decodability of control channel may not be very resource efficient either. Therefore there is a need for considering more adaptive approach for downlink control channel design of URLLC.  
Observation 1: HARQ-less PDSCH repetitions with dynamic indication of number of repetitions, and ACK feedback only in early termination does not provide a mechanism for ensuring PDCCH reliability.
Proposal 1: To support a mechanism for detecting PDCCH missed detection for realising PDCCH link adaptation including PDCCH repetition enable/disable, and early termination of PDSCH. 

Conclusion
In summary, we discussed enhancing PDCCH reliability while ensuring efficient resource usage with adaptability. We observe and propose:
Observation 1: HARQ-less PDSCH repetitions with dynamic indication of number of repetitions, and ACK feedback only in early termination does not provide a mechanism for ensuring PDCCH reliability.
Proposal 1: To support a mechanism for detecting PDCCH missed detection for realising PDCCH link adaptation including PDCCH repetition enable/disable, and early termination of PDSCH. 
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