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Introduction
The reliability aspect of control channel detection is important for URLLC. As such the scope of URLLC was updated in RAN#78 to study the necessity of PDCCH repetition [1]. Although there was not much progress on enhancing NR URLLC reliability, following agreements and conclusions were made for LTE URLLC for enhancing PDSCH reliability in the last meeting[2].Agreement:
The work item supports blind/HARQ-less repetition for PDSCH in different TTIs.
[bookmark: _GoBack]FFS: Details among the four identified variants and including UE capability


Conclusion:
The impact of blind/HARQ-less PDSCH repetitions on RAN1 specification is at least:
· clarification that a retransmission can occur back to back with the initial TB transmission 
· UE capability and RRC configuration to enable repetitions
· Possible optimization on how to handle HARQ feedback
· Indication to the UE that the repetitions are applied via DCI or RRC configuration
Agreement:
One or more of the following solutions for DL data are needed for URLLC operation 
· blind/HARQ-less PDSCH repetition in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PDSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
· Variant 3: independent PDSCH assignment for each PDSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)
· Study if and how PDSCH repetition can be combined with TTI level FH. 


 In this contribution, we provide our views on enhancing PDCCH reliability while ensuring efficient resource usage with adaptability. 
    
  
Discussion
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. In the last meeting it was agreed to support blind or HARQ-less PDSCH repetitions and potential dynamic indication of number of repetitions for LTE URLLC [2]. 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 as per the conclusion above in [2].
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) like HARQ based method where DTX can imply the missed detection of PDCCH. Noticing missed detection of PDCCH at the gNB is useful to avoid useless retransmission. 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 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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