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Introduction
URLLC requires low latency and high reliability, where high reliability means that the packet should be successfully delivered within the given latency budget, i.e. a packet delivered after the latency limit is of no value and treated as a lost packet. The requirements in terms of latency and reliability is highly use-case dependent and not all use cases require 1ms latency and/or 10-5 in reliability. 
In this contribution we provide some high-level views on URLLC design.
Discussion
Design for URLLC need to consider both latency and reliability.
General design principle
Low latency is extensively discussed for NR and has been a large part of the frame structure (including mini-slots) and numerology discussion as well as various other aspects such as designing signals for pipelining-friendly processing in the UE and ‘immediate’ hybrid-ARQ acknowledgement in the same slot. Hence, from a latency perspective there seems to be no need for a separate URLLC discussion but rather take it as an integrated part in the overall NR design.
Reliability requires the data channels as well as the control channels to be designed to allow high reliability. If feedback is used to trigger retransmissions this also needs to be reliable. This calls for efficient coding schemes, exploitation of diversity in frequency and spatial domains and (if the latency budget allows) time domain using e.g. as hybrid-ARQ retransmissions or blind repetitions. It may also have implications on e.g. the CRC sizes for control channels in order to avoid false alarms. These design choices need to be part of the respective discussion (control channel design, data transmission, multi-antenna schemes, HARQ, etc) and not in a separate URLLC discussion. If this is not the case, there is a risk we may design two different channel designs when it would be sufficient with a single one.
A separate URLLC agenda item (if there is such an agenda item for future meetings) could instead focus in evaluating the NR design from a URLLC perspective to see if there is a need for complementary solutions or enhancements to the general NR design. Before there is some form of NR design in place, e.g. for control channels, scheduling mechanism, etc. it is difficult to discuss URLLC for NR in detail. However, the possible solutions appropriate for URLLC as well as use cases and scenarios can still be discussed.
Scheduling for URLLC
As an example of the above, consider scheduling. NR will support dynamic scheduling using a scheduling request (SR), followed by a scheduling grant. In addition, it will most likely also support some form of semi-persistent scheduling (configured grant) which could be useful in case the scheduling request/scheduling grant signaling is not reliable enough for some use cases, and also to remove the latency of the SR step. In LTE, semi-persistent scheduling implies that the UE need to transmit whenever a scheduling occasion occurs (i.e. padding will be applied to fill up the semi-persistently scheduled resources if needed) although in the instant uplink access work in RAN2 this has been enhanced such that a UE can remain silent if there is no data to transmit in a semi-persistently scheduled occasion. A similar approach could easily be applied to NR, including an extension to allow also scheduling of the same time-frequency resource to multiple UEs.
The basis for URLLC traffic should be dynamic and/or semi-persistent scheduling. Once the general properties of these mechanism in NR are better known, e.g. in terms of latency and reliability, it can be evaluated if additional means to support URLLC are required. Only if there is a clear need which cannot be fulfilled by other, already existing features, should such additional mechanisms be introduced. For example, dynamically broadcasting available resources not used for eMBB to URLLC terminals (as suggested at RAN1#86bis) seem not to provide any benefits compared to semi-static resource allocation to the URLLC users and dynamically schedule eMBB on the remaining resources.
Conclusion
URLLC should be an integral part of the overall NR design. Only if the general mechanism cannot support URLLC and there is a clear need should other, complementary mechanisms should be introduced. This can be investigated and evaluated in a separate URLLC agenda item together with use cases and scenarios.
