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1     Introduction
In this contribution, we share our views on layer 1 enhancements for URLLC operation including multiple PDCCH transmission and diversity transmission of PDSCH.    
2 PDCCH
Multiple PDCCH transmissions scheduling the same PDSCH (which can also be transmitted multiple times) can increase the reliability of data communication. Multiple PDCCHs can be transmitted in 
(a) different CORESETs in the same TTI (via multiple TRP/beam/panel having different QCL relationships between the downlink reference signals (RS) in a RS Set (TCI-State) and the PDCCH DMRS ports) providing spatial and frequency domain diversity gains. 

(b) different TTIs (if the corresponding PDSCH is repeated in multiple TTIs) providing time domain diversity gain as specified for LTE Rel-15 operation (HRLLC). 

 One aspect of multiple PDCCH reception is whether the UE can combine the transmitted PDCCHs to enhance the PDCCH decoding performance by linking multiple PDCCH candidates carrying the same DCI, and jointly decode the candidates. In our view, such a linkage would increase the blocking probability and limit the scheduling flexibility. 
Observation 1: Linking PDCCH candidates of multiple PDCCH transmissions could increase the blocking probability and limit the scheduling flexibility.  
Proposal 1: For PDSCH scheduling, multiple PDCCH transmissions in (a) different CORESETs with different QCL assumptions and/or (b) different TTIs (similar to LTE-HRLLC) should be further studied to improve PDCCH detection reliability.
3 PDSCH

To increase PDSCH reliability, diversity transmission of PDSCH can be transmitted via 

(a) multiple TRP/beam/panel in different time-frequency resources. Each PDSCH can be scheduled by its own PDCCH.
(b) multiple TRP/beam/panel of same PDSCH layer(s) (on same time-frequency resources). The PDSCH can be scheduled by a single PDCCH or multiple PDCCH (as discussed in section 1). 
(c) multiple time-domain repetitions (already supported for slot-level TTI), with mini-slot TTI to reduce the latency.
Proposal 2: For PDSCH reliability improvement, diversity transmission of PDSCH in (a) same/different time-frequency resources from multiple TRP/beam/panel with different QCL assumptions, and/or (b) different TTIs (similar to LTE-HRLLC) should be further studied.

4 Conclusion

We propose the following to be further studied regarding layer 1 enhancements for URLLC operation:    

Proposal 1: For PDSCH scheduling, multiple PDCCH transmissions in (a) different CORESETs with different QCL assumptions and/or (b) different TTIs (similar to LTE-HRLLC) should be further studied to improve PDCCH detection reliability.

Proposal 2: For PDSCH reliability improvement, diversity transmission of PDSCH in (a) same/different time-frequency resources from multiple TRP/beam/panel with different QCL assumptions, and/or (b) different TTIs (similar to LTE-HRLLC) should be further studied.


