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Introduction
In RAN #71, the technology study item for 5G new RAT (NR) has been approved [1]. URLLC (ultra-reliable low latency communication) requirements has been discussed in RAN plenary in June 2016:
“ The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.
NOTE1:	The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.
Reliability can be evaluated by the success probability of transmitting X bytes within 1 ms, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
The target for reliability should be 10^-5 within 1ms.
A general URLLC reliability requirement for one transmission of a packet is 10^-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.

URLLC control channel reliability
Design challenges
DL control design is very challenging for URLLC due to a stringent latency requirement and at the same time, high reliability requirements. Also, there is no HARQ process for DL control channel, in some sense, it implies an even higher reliability requirement than the URLLC data channel.
Due to the stringent latency requirement, a URLLC packet can  only be sent over a very short period of time, hence very limited resource elements are available. As a result, high reliability is closely tied to overhead and efficiency. There are two ways of improving reliability, one is to reduce the overhead, the other is to improve efficiency. We outline a few designs that will help to improve the URLLC operation.
Multi-stage control and RS
Some parameters for UE may vary slower than the others. Such information can be carried with a lower periodicity. Some other information needs to occur and be processed in a timely manner, such as the arrival of URLLC data. Such information will need to occur at the same rate as the URLLC UE control monitoring periodicity (i.e. every mini-slot). In such a way, the overhead per mini-slot control can be reduced, thereby improving reliability..
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Figure 1. two stage control at slot and mini-slot levels
Similar design could be adopted for RS design, in the sense that, RS density and RS presence does not have to occur every mini-slot. High density RS can appear periodically, but with each actual data burst, RS density can be lower or down to 0% if it is followed by an immediate previous transmission.
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Figure 1. multi-stage RS for data/control channels for URLLC (1-symbol mini-slot example)
Embedded control design
Control channel is non-negligible overhead to URLLC data transmission. The required control channel resource is somewhat linked to resource that needs to be allocated to URLLC for data transmission. As a result, control channel embedded in data channel could be one way of reducing the latency. As shown in Figure 3, in the first stage of blind decoding, control channel which typically requires a lower operating SNR could be decoded based on sparse RS. Once decoded, the control tones can be further converted into RS to further assist the data channel demodulation and decoding. This way, the control channel overhead can be reused as the RS for control and data are completely shared and control channel further becomes RS to contribute to data channel performance enhancements.
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Figure 3. embedded control channel for URLLC (1-symbol mini-slot example)
Robust false alarm design
Reliability requirement  typically comprises two parts: 1) decoding BLER performance and 2) false alarm rate performance. It should be noted that, with mini-slot control monitoring periodicity, the PDCCH decoding FAR can be raised. In order to ensure robust false alarm performance, more flexible CRC length should be supported to guarantee robust FAR performance irrespective of the control monitoring periodicity.
Conclusion
In this contribution, we discussed some design challenges of URLLC DL control and several design aspects that could help to ensure high reliability.
Observation 1: DL control channel reliability is critical to URLLC design.
Proposal 1: Consider a 2-stage DL control for NR URLLC.
Proposal 2: Consider a multi-stage RS for DL control and data in NR URLLC.

Proposal 3: Consider embedded control to reduce overhead and achieve efficient resource reuse in NR URLLC.
Proposal 4: NR URLLC DL control design should be able to support flexible CRC length in order to ensure robust false alarm performance.
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