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1. Introduction
In RAN1 Ad-Hoc#1 meeting, following agreements were made regarding NR-PDCCH with reliability requirements [1]:
	Agreements:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements 


In this contribution, we provide our views on ultra-reliability aspects on NR-PDCCH design. Especially, we focus on how to support compact DCI format and/or higher aggregation level. 

2. Considerations of NR-PDCCH design with ultra-reliability
Considering ultra-reliability aspects of overall DL transmission and UL transmission, it would be more important to enhance reliability of NR-PDCCH compared to NR-PDSCH or NR-PUSCH. To be specific, if retransmission is assumed to be used for ultra-reliability requirements, PDSCH or PUSCH decoding can be performed after combining coded bits from initial transmission and its retransmission. In this case, BLER requirements of a single PDSCH or PUSCH transmission could be relaxed. Instead, since UE may need to detect both NR-PDCCH scheduling initial transmission and its retransmission, BLER requirement for NR-PDCCH needs to be small enough. For a simple analysis, if BLER of PDSCH or PUSCH after combining coded bits from initial transmission and retransmission is 0, BLER requirement of NR-PDCCH to achieve BLER of 1e-5 without PDSCH or PUSCH enhancement (e.g. BLER=0.1) is set to be 5e-4. 
Observation 1: Assuming at most one retransmission for ultra-reliability requirements, enhancement on NR-PDCCH for low BLER operation needs to be prioritized over PDSCH or PUSCH transmission. 

3. Compact DCI design
To enhance detection performance of DCI, one approach would be to reduce DCI payload size. First of all, it can be considered to reduce bit field size for resource allocation. In case, contiguous resource allocation would be beneficial in terms of DCI payload size reduction. For simplicity, RIV-based approach as in LTE DL RA type 2 could be a starting point for resource allocation. Moreover, if the granularity of resource allocation is set to multiples of RBs, the DCI payload size could be further reduced. Considering URLLC traffic can be multiplexed with other traffic (e.g. eMBB), the granularity of resource allocation can be simply set to RBG. Next, to achieve frequency diversity, the contiguously allocated virtual RBs can be distributed over configured bandwidth part. The information of mapping rule between virtual RB and PRB could be indicated by DCI, and its granularity could be also RBG to support efficient multiplexing multiple PDSCH or PUSCH as much as possible. Detailed mechanism is explained in our companion contribution [2]. 
Proposal 1: Support compact resource allocation with distributed virtual RB mapping for compact DCI. 
Next, it can be considered that the contents of compact DCI is different with that of other DCI. To be specific, some portion of bit fields could be removed or skipped in compact DCI. For instance, if URLLC data transmission supports semi-static processing timing only, bit field to indicate processing time could be removed. Similarly, since TTI length of URLLC data transmission would be fixed to mini-slot, bit field for time-domain resource allocation within a mini-slot could be removed. 
Proposal 2: It is necessary to investigate which bit field can be removed in compact DCI. It can be considered to remove bit fields for at least processing timing indication, and time-domain resource allocation in compact DCI. 

4. High aggregation design
To lower the code rate of DCI for ultra-reliability requirements, it may need to investigate how to increase aggregation level to be used for PDCCH transmission. In this case, following approaches can be considered: 
· Option 1: A PDCCH candidate is mapped on a single CORESET supporting higher maximum aggregation level. 
· Option 2: A PDCCH candidate can be mapped on multiple CORESET supporting low to moderate maximum aggregation level. 
In case of Option 1, CORESET may need to be allocated with wide range of frequency resources and/or a number of time-domain resources to have sufficiently large number of CCEs to support higher aggregation level. This approach would be beneficial in terms of specification work since mapping rule for REG-to-CCE and CCE-to-PDCCH could be the same regardless of a set of aggregation levels to be used for PDCCH. Meanwhile, it is necessary to investigate the impact on blocking among PDCCH candidates. To be specific, depending on the CCE-to-PDCCH mapping and given time-and-frequency resources, extremely high aggregation level could increase blocking probability. 
In Option 2, each component CORESET to make a PDCCH with higher aggregation level does not need to have excessive number of time-and-frequency resources. Instead, it is necessary to design how to map a PDCCH candidate over multiple CORESETs. Considering blocking probability, it can be considered that a PDCCH candidate with higher aggregation level is constructed by combining multiple set of PDCCH candidates mapped on different CORESETs. For frequency diversity, a UE can be configured with CORESETs in different carrier or bandwidth part to support PDCCH with higher aggregation level. 
For both cases, it is necessary to investigate how to perform BD handling for PDCCH monitoring. For simplicity, PDCCH candidates to be monitored could be updated depending on the supporting aggregation level set. In this case, the number of PDCCH candidates for lower aggregation level could be reduced. Alternatively, it can be considered that the same DCI is repeatedly transmitted multiple PDCCH candidates mapped on different CORESETs. 
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5. Conclusion
In this contribution, we discuss ultra-reliability aspects on NR-PDCCH design. Our proposals are as follows:
Observation 1: Assuming at most one retransmission for ultra-reliability requirements, enhancement on NR-PDCCH for low BLER operation needs to be prioritized over PDSCH or PUSCH transmission. 
Proposal 1: Support compact resource allocation with distributed virtual RB mapping for compact DCI. 
Proposal 2: It is necessary to investigate which bit field can be removed in compact DCI. It can be considered to remove bit fields for at least processing timing indication, and time-domain resource allocation in compact DCI. 
Proposal 3: It is necessary to investigate how to support high aggregation level (e.g. 16, 32) considering impact on blocking probability, BD handling, and detection performance. 
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