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Introduction
Support of the ultra-reliable low-latency communications (URLLC) service is an important component of the Phase 2 of Rel-15 NR specification. And the following HARQ and schedule related enhancement has been suggested during the previous RAN 78 meeting [1]. 

	· Study and specify if gains are identified
· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9]For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space
· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 




In this contribution, we present some considerations for PDCCH repetitions in URLLC standardization. 
Discussion
For a given carrier, PDCCH repetitions can be transmitted over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space. So we divide into four combined methods for PDCCH repetitions:
· Same PDCCH monitoring occasion in one CORESET
· Same PDCCH monitoring occasion in multiple CORESET
· Multiple PDCCH monitoring occasion in one CORESET
· Multiple PDCCH monitoring occasion in multiple CORESET

Same PDCCH monitoring occasion in one CORESET
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]PDCCH repetitions over one PDCCH monitoring occasion in one CORESET. It means less latency for PDCCH transmission and reception, but more PDCCH resources in this CORESET and increasing blocking probability within the UE group sharing the CORESET. The procedure can be described below.
· RRC configure a maximum number N of PDCCH repetitions.
· Reuse the hash function of search space to get the starting CCE n of PDCCH Candidate m with aggregation level L, which is the first transmission of PDCCH.
· Based on the information of the PDCCH first transmission, UE directly get the information of the other PDCCH repetitions without blind decoding, including same aggregation level and different starting CCE. The key point is how to decide the starting CCE index for the other PDCCH repetitions and reduce the probability of blocking with the other PDCCH. 
Same PDCCH monitoring occasion in multiple CORESET
PDCCH repetitions over one PDCCH monitoring occasion in multiple CORESET. It can be less latency for PDCCH transmission and reception too, but needs to configure more related CORESET for this search space. The procedure is described below.
· RRC configure a maximum number N of PDCCH repetitions, and configure one search space associated with more than one CORESET, or define a default CORESET for this search space. UE only monitoring PDCCH in the default CORESET, and if UE has monitored one PDCCH candidate, UE will get the other PDCCH repetitions based on the high layer configuration or a set of rules.
· Reuse the hash function of search space to get the starting CCE n of PDCCH Candidate m with aggregation level L in default CORESET, which is the first transmission of PDCCH.
· Based on the information of the PDCCH first transmission in the default CORESET, UE directly get the information of the other PDCCH repetitions without blind decoding in the multiple related CORESETs, including same aggregation level, different starting CCE and the related CORESET index. The key point is how to decide the CORESET index and the starting CCE index for the other PDCCH repetitions and reduce the probability of blocking with the other PDCCH. 
Multiple PDCCH monitoring occasion in one CORESET
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]PDCCH repetitions over multiple PDCCH monitoring occasion in one CORESET. It means more delay for PDCCH transmission and reception, but same PDCCH resources consumption in this CORESET for one PDCCH monitoring occasion. It can be based on the MPDCCH repetitions introduced in LTE eMTC with some enhancement for URLLC, such as multiple transmission during multiple PDCCH monitoring occasions with different PDCCH candidates in order to get frequency diversity gains. Considering the large delay with multiple PDCCH monitoring occasion, it is more suitable for large SCS scenarios.
Proposal 1. PDCCH repetitions over multiple PDCCH monitoring occasion in one CORESET only applied in large SCS scenarios.
Multiple PDCCH monitoring occasion in multiple CORESET
PDCCH repetitions over multiple PDCCH monitoring occasion in multiple CORESET. It is a combined solution for the previous method with large delay and more related CORESET. So in our views, it can be lower priority to introduce in URLLC.
Proposal 2. PDCCH repetitions over multiple PDCCH monitoring occasion in multiple CORESETs can be with lower priority in URLLC.

[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
[bookmark: _GoBack]In this contribution, we give some considerations for PDCCH repetitions in URLLC, and suggest the following proposals.
Proposal 1. PDCCH repetitions over multiple PDCCH monitoring occasion in one CORESET only applied in large SCS scenarios.
Proposal 2. PDCCH repetitions over multiple PDCCH monitoring occasion in multiple CORESETs can be with lower priority in URLLC.
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