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1 Introduction
In this document, we share our views on PDCCH repetition as a potential technique to improve PDCCH reliability (see URLLC SID [1]). We also discuss some areas that enabling PDCCH repetition might impact for URLLC design including HARQ-ACK feedback and CSI reporting with PDCCH repetition. This document is revision of R1-1811294.  
During RAN1 #94 meeting, RAN1 made the following agreements regarding Layer 1 enhancements for URLLC [2]: 

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
Agreements: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
Agreements: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.

· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot

· Other enablers are not precluded
Agreements:

Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,  
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
· Other approaches are not precluded   
2 PDCCH Repetition
Multiple PDCCH transmissions scheduling the same PDSCH or PUSCH (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 PDCCH repetition impact on URLLC design
3.1 HARQ-ACK feedback with PDCCH repetition
In TS 38.213, there are instances where PUCCH transmission is dependent on the received PDCCH scheduling the corresponding PDSCH. This section discusses PUCCH resource assignment in case PDCCH is transmitted multiple times (e.g. in different CORESETs).

(a) if the UE is configured with multiple PDCCH reception for a TB in the same CORESET in the same TTI, the same PUCCH resource can be used for HARQ-ACK feedback for the TB irrespective of which of the multiple PDCCHs is correctly received by the UE 

(b) if the UE is configured with multiple PDCCH reception for a TB in different CORESETs in the same TTI or in different TTIs (e.g., in case of PDSCH repeated in multiple TTIs, and PDCCH also transmitted in more than one TTI), there could be a different PUCCH resource corresponding to PDCCHs received in different CORESETs/TTIs (which in some cases might lead to lower latency, e.g., in case of receiving multiple PDCCHs in different times, but requires more PUCCH resources) or a single PUCCH resource corresponding to the received PDCCHs irrespective of their CORESETs/TTIs (which has PUCCH resource saving advantage, but could have higher latency and require some PDCCH scheduling restrictions, e.g., PDCCHs in different CORESETs may need to be sent using starting CCE indices resulting in the same PUCCH resource).
Proposal 2:  It should be further studied if different PUCCH resources should be assigned to multiple PDCCH transmissions in different TTIs/CORESETs, scheduling the same TB. 
3.2 A-CSI trigger via repeated DL assignments
In previous RAN1 meetings, it has been proposed by multiple companies to study A-CSI triggering via DL assignment to save control resources in DL heavy traffic scenario and/or to enable fast CSI reporting to be used for PDSCH retransmissions. As one of the objectives of this study item is to study PDCCH repetitions (e.g., scheduling the same TB in DL), in our view, the merits of A-CSI triggering via DL assignment should also be studied for the case when PDCCH scheduling the same DL TB is repeated.    

Proposal 3:  Study of A-CSI trigger by DL assignment should also include the case that the DL assignment is repeated multiple times.
4 Conclusion
In summary, we observe and propose the followings regarding PDCCH repetition:

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.

Proposal 2:  It should be further studied if different PUCCH resources should be assigned to multiple PDCCH transmissions in different TTIs/CORESETs, scheduling the same TB. 
Proposal 3:  Study of A-CSI trigger by DL assignment should also include the case that the DL assignment is repeated multiple times.
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