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1. Introduction
URLLC (Ultra-Reliable and Low Latency Communications) is one of the usage scenarios defined in NR. The main design targets of URLLC include 

· Reliability: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.
· Latency: For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL.
At RAN1#87 meeting, the following were agreed regarding URLLC transmissions [1]. This contribution considers design aspects for the URLLC control channel.
	Agreements:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design




2. Design Considerations for DL Control Channel in URLLC
Necessity of Control Channel
Data transmission via scheduling by a control channel provides the flexibility of dynamically indicating the resource allocation, MCS and TBS, and so on. Without scheduling, data transmission parameters such as resource allocation, MCS and TBS have to be predefined and this limits the flexibility of URLLC transmission and scheduling as it may not be possible to configure separate resources to different UEs that may need data transmissions at a same time. For DL URLLC, UEs have to blindly detect a presence of data transmissions which increases power consumption at the UE as data packets are larger than DCI formats. 
Design Considerations
Due to the very high reliability requirements of URLLC services, the control channel reliability needs to be improved compared to the LTE BLER requirement (1%). Means for improving the reliability of URLLC control transmission include support of CCE aggregation levels for URLLC DCI higher than eMBB ones. For example, aggregation levels of 16 and 32 CCEs can be considered for URLLC. According to our initial NR-PDCCH performance evaluations in [2], it is observed that 0.001 BLER can be achieved at around -6dB SNR, assuming a payload size of 30bits and aggregation level of 16 CCEs. In addition, power boosting and other diversity based transmission schemes can be considered for URLLC control transmission. Although it is expected that the coverage of URLLC will be smaller than the coverage for eMBB, the DL control channel for URLLC should be designed so that it is not the coverage limiting channel (e.g. should not have worse coverage/BLER than the DL data channel for URLLC with 20 bytes of information).
Compared to eMBB, the DCI for URLLC transmissions can be more compact to improve the robustness as much of the features supported by DCIs for eMBB are not useful or applicable to URLLC.  Since the maximum URLLC TBS is smaller than the maximum eMBB TBS and requires much higher reliability in a shorter time duration, the supported range of MCS and TBS can be limited, for example similar to DCI format 1C relative to other DCI formats in LTE. In addition, the resource allocation types and granularity in the frequency domain can also be limited. Further, SU-MIMO may not be supported and the number of HARQ processes may be reduced relative to the maximum ones for eMBB as large fronthaul latency may not be tolerable for URLLC. 
Proposal 1: URLLC control channel transmission supports:
· Higher CCE aggregation levels relative to eMBB
· Reduced DCI format contents relative to eMBB
With tight latency requirement of URLLC services and the short duration of a slot or mini-slot for URLLC services, corresponding UE will need to monitor DL control channels for URLLC scheduling at a much faster rate, e.g. 8x or more, than for eMBB scheduling. To limit a respective increase in UE power consumption point of view, UE blind decoding operations may be reduced relative to eMBB. This reduction may also be a consequence from supporting only higher CCE aggregation levels. However, the blocking probability needs to also be considered and should be sufficiently smaller, e.g. by about an order of magnitude, than the target BLER for DL control channel transmissions.  
Proposal 2: Consider the UE power consumption and blocking probability aspects in the URLLC control channel design.
3. Conclusions
In this contribution, the design considerations of URLLC control channel were discussed. In summary, the observations and proposals are as follows:
Proposal 1: URLLC control channel transmission supports:
· Higher CCE aggregation levels relative to eMBB
· Reduced DCI format contents relative to eMBB
Proposal 2: Consider the UE power consumption and blocking probability aspects in the URLLC control channel design.
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