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1 Introduction
Ultra-Reliable and Low Latency Communications (URLLC) is one family of usage scenarios identified in TR 38.913 [2]. This usage scenario is also discussed in TR 22.862 [1] where the use cases are further elaborated. 
This contribution aims at further identifying characteristics of this use case family and functional impact and design issues for NR. The analysis is broken down based on the URLLC characteristics of high reliability and low latency.
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URLLC use cases cover a wide field of different applications in various sectors, such as advanced energy networks, improved industrial processes and manufacturing, and e-health. Communality in these use cases is that they require in their communication very low end-to-end latency, very high reliability, or both low latency and high reliability at the same time.

High reliability is one of the most important aspects for standardization of URLLC. As can be seen in TR 22.862 not all use cases in this family require down to 1 ms latency, but instead what is most important is that the messages are reliably delivered within a given latency bound (see Fig.1). This latency bound could be arbitrarily high. High reliability in this case can be defined as a fraction of lost, erroneous or delayed messages (i.e. exceeding the given latency bound) below a certain value. If, for example, the reliable transmission of messages within a delay bound of 1ms shall be provided at a reliability level of 10-5, then only 10-5 of the transmissions may either fail delivery or lead to latencies exceeding the 1ms bound. In other words, for a URLLC service, the successful in-time transmission of messages needs to be guaranteed towards the service up to the given reliability level for the defined latency bound.
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Figure 1: Reliability in relation to latency where latencies are guaranteed up to the reliability level. The reliability is specified by the failure probability ε of packets which are not successfully delivered to the receiver within the latency bound, as these packets are erroneous, lost or arrive too late.
Low latency is frequently mentioned in relation to URLLC in TR 22.862 and TR 38.913. For instance, TR 38.913 talks about a target average latency for URLLC of 0.5ms for end-to-end one-way transmission in UL and DL. It is important to note though that many URLLC use cases may not require such low latency. In TR 22.862 there are use cases in which end-to-end one-way latency ranges from below 1 ms  to multiple seconds. In addition, many URLLC services are most interested in the predictable latency bound (i.e. the largest message latency that is expected to be achieved with a high reliability, see Fig. 1). Transmission with lower latency than the bounded latency may not provide any benefits, e.g. when the application is a control application that operates in certain control cycles. Moreover, it is expected that there will be a trade-off between reliability and latency (see Fig. 2), e.g. a system may be able to provide 0.5 ms latency with low reliability while much higher reliability is achieved (e.g. through retransmissions or more robust longer transmissions) if the latency is allowed to be longer. The goal for NR should be to reach further in both the low latency and high reliability domains than achievable with current LTE system.
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Figure 2: Example trade-off between reliability and latency.

Observation 1:	High Reliability as defined by a very low rate of lost, erroneous or late messages (i.e. exceeding a latency bound) is a common denominator for many URLLC application and should be a focus of standardization.

Observation 2:	Very low latency can be an important aspect of URLLC, but it is not the only aspect. In several cases the high reliability is more important for an application; since the application relies on that the successful message transmission is guaranteed within a latency bound (which may be relaxed).

Observation 3:	There are many URLLC services with different requirements concerning the latency and required reliability. 

Proposal 1:	NR design should be scalable to be able to address a range of URLLC services concerning different latency and reliability requirements.


3 Conclusion
This paper discusses the requirements of URLLC services and provides some observations and proposals for NR design principles to address URLLC. 

In section 2, we make the following observations:

Observation 1:	High Reliability as defined by a very low rate of lost, erroneous or late messages (i.e. exceeding a latency bound) is a common denominator for many URLLC application and should be a focus of standardization.

Observation 2:	Very low latency can be an important aspect of URLLC, but it is not the only aspect. In several cases the High Reliability is more important for an application; since the application relies on that the successful message transmission is guaranteed within a latency bound (which may be relaxed).

Observation 3:	There are many URLLC services with different requirements concerning the latency and required reliability. 

Based on the discussion in section 2 we propose the following:

Proposal 1:	NR design should be scalable to be able to address a range of URLLC services concerning different latency & reliability requirements.
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