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1. Introduction
In the RAN1 #AH meeting in Spokane, there were some agreements on the reliability of NR-PDCCH to support URLLC as follows [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 will discuss the requirement of NR-PDCCH for URLLC and present some possible enhancements for NR-PDCCH reliability. 
2. Discussion
2.1 Requirements of NR-PDCCH for ultra-reliability transmission
Regarding ultra-reliable communications, generally the performance targets for data and control channels are more stringent compared to more conventional services such as eMBB. For instance, regular PDCCH BLER target may be set to, 1% corresponding to a PDSCH BLER target of 10%. Given the overall URLLC reliability requirement of 1 – 10-5 for a 32 byte packet as defined in [2], a much lower PDCCH BLER target is warranted. Following the same order of magnitude difference a PDCCH BLER target can be set to 10-6 assuming a single transmission for PDCCH and PDSCH. Such stringent requirements can be relaxed assuming PDCCH and PDSCH repetitions can be configured within the latency budget. 

Proposal 1: Clarify the BLER target of NR-PDCCH for ultra-reliable communication taking into account whether time domain repetition is supported.  
2.2 Potential enhancements for NR-PDCCH
Since compact DCI has been discussed in the previous meetings as one effective technique to reduce overhead and improve BLER performance, it should be worthwhile to make further study on this aspect. Some fields of the DCI format can be optimized or even removed for URLLC scheduling including resource allocation, MCS, MIMO and precoding information, and scheduling and HARQ timing information.. For example, MIMO parameters may be reduced assuming simpler precoding and DMRS parameter settings would be required for URLLC. The range of MCS values applied for URLLC may also be limited either by restricting the set to lower coding rates or a much coarser quantization for the MCS table.  Regarding resource allocation, larger granularities can be supported and flexibility in terms of start and end positions currently envisioned for eMBB could be restricted for URLLC. Furthermore, for time resource allocation, the flexibility of start and end positions currently envisioned for eMBB could be restricted for URLLC.
Proposal 2: Simplify DCI scheduling URLLC transmission at least for the following parameters:

· MIMO indication 
· Resource assignment
· MCS indication  

 For the transmission reliability improvement of NR-PDCCH, generally there are several kinds of mechanisms to achieve it. Firstly, increasing assigned resource allocation, for example, enlarging the aggregation level.  In case of concrete AL value, it depends on two factors, one is performance requirement, second is evaluation result. In fact, herein there is one assumption, which means basic CCE structure is not adjusted, just changing the AL value. Generally speaking, keeping same CCE structure for URLLC and other services, it may simplify the system design. 
Proposal 3: Consider increasing maximum aggregation level for improving reliability of PDCCH transmission.
Another potential enhancement is diversity transmission. It may include multiple ways, for example, spatial diversity based on multiple beam transmission or time-frequency diversity based on multiple resource assignment with multiple CORESET configurations, simple repetition, or multiple TRP/cell macro-diversity. Clearly not all these techniques are needed at the same time and performance evaluations would be needed to identify the best solutions given reliability and latency requirements. 
Proposal 4: Consider other diversity techniques to improve reliability if increased aggregation level is not sufficient to provide reliable performance.  
3. Conclusion

In this contribution, we discuss the requirement of NR-PDCCH for ultra-reliable communications and potential enhancement. In conclusion, the following proposals are provided:
Proposal 1: Clarify the BLER target of NR-PDCCH for ultra-reliable communication taking into account whether time domain repetition is supported.  
Proposal 2: Simplify DCI scheduling URLLC transmission at least for the following parameters:

· MIMO indication 
· Resource assignment
· MCS indication  

Proposal 3: Consider increasing maximum aggregation level for improving reliability of PDCCH transmission.

Proposal 4: Consider other diversity techniques to improve reliability if increased aggregation level is not sufficient to provide reliable performance.  
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