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Introduction
The support of URLLC presents rather unique challenges for the New Radio especially when it is multiplexed with other services such as eMBB and mMTC. For instance, a general reliability requirement for a 32-byte packet is 99.999% or better within 1ms latency [1]. Such a stringent requirement not only impacts the design of the NR-PDSCH but also the reliability and capacity of the DL control channel. In this contribution we discuss specific downlink control channel design considerations to enable URLLC operation. 
Discussion
The reliability and latency requirement in [1] encompasses the overall end-to-end performance including the probability that an arriving URLLC packet can be scheduled as quickly as possible, the control channel reliability and data channel performance. In this regard, three error events directly impact the reliability and indirectly, the latency requirements, namely the ability/inability to schedule URLLC on the control channel (blocking event), control channel and data channel decoding failure events. The blocking probability directly impacts the ability to deliver a URLLC packet within the latency requirement when considering that one or more HARQ retransmissions may be needed. A preliminary investigation in [2] showed that a non-orthogonal control channel design, where multiple NR-CCEs may share one or more PRBs, could achieve an order of magnitude lower blocking error probability compared to the more conventional orthogonal channel design. 
System level simulations using a more realistic traffic model such as FTP would be a good methodology to evaluate the impact of blocking on URLLC performance.  Here, we consider an analytical approximation as a first step to investigating the impact of blocking. Consider that a DL URLLC packet arrives at the scheduler and is to be scheduled immediately. The transmission success probability may incorporate all three error events to give,



Where  denote successful decoding events for data and control respectively, and  denotes the event that the user was successfully scheduled on the NR-PDCCH, i.e. no blocking. The control channel BLER and blocking probability are respectively denoted by  and. It can be observed in this expression that the blocking rate cannot be considered in isolation from the control channel performance in order to meet the overall reliability target. Hence, NR design should also consider tighter requirements on control channel performance for URLLC compared to eMBB. Although non-orthogonal transmission has been proposed for the data channel, we note that more stringent requirements are typically placed on the control channel compared to the data channel, e.g. PDCCH BLER requirement is an order of magnitude lower than PDSCH BLER. The blocking error probability may decrease when NR-CCEs share a PRB but with a corresponding increase in the control channel BLER depending on the control channel receiver. Therefore, it is preferable to consider other solutions for URLLC control channel design. 

Proposal: both the control channel performance as well as blocking probability must be jointly considered for URLLC control channel design.

Control channel solutions for URLLC
A straightforward solution to enhance the reliability of scheduling assignments for URLLC is to lower the target coding rates compared to eMBB. For example, for the same DCI payload size, more time-frequency resources (larger AL) can be configured for URLLC. Furthermore, URLLC can be scheduled using a compact DCI format as it is not expected that URLLC requires all transmission modes and MCS options available in NR.
To reduce the blocking probability, URLLC scheduling can take advantage of mini-slot granularity. The control channel candidates for a given search space may be distributed across a slot. The latency requirements dictate the length of a mini-slot. Figure 1 is an illustration of mini-slot usage to support different latency requirements. In Figure 1(a), a UE may be configured to monitor for control channel candidates in up to 3 OFDM symbols within a slot. Figure 1(b) offers the greatest flexibility in supporting stringent latency requirements by reducing mini-slot length to one symbol and distributing control channel candidates on every mini-slot. If no candidate is available in a mini-slot, more opportunities may exist in the next mini-slot. Note that it is not expected that many URLLC users need to be scheduled in a mini-slot.
[image: ]
Figure 1 Different level of mini-slot granularity enabling scheduling opportunities for URLLC

It should be noted that network could also reduce blocking probability of URLLC simply by assigning a higher priority for URLLC in the MAC scheduler. 
 
Conclusion
In this contribution we discussed the control channel design for URLLC. It was observed that the general control channel design can support URLLC with differentiated performance requirements between URLLC and eMBB. It was also observed that blocking probability could be lowered based on mini-slot scheduling granularity. We have the following proposals:
· Both the control channel performance as well as blocking probability must be jointly considered for URLLC control channel design
· Distributing control channel candidates in every mini-slot is a candidate solution to reduce URLLC blocking probability
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