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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. Some characteristics of URLLC are further discussed in [3][4]. It is clarified, that standardization should focus on the common denominator for URLLC use cases, which is to provide high reliability, defined by a very low rate of lost, erroneous or late messages (i.e. exceeding a specified latency bound). It is also clarified that very low latency can also be an important aspect of URLLC, but that these can be quite different depending on application. For example, TR 22.862 [1] describes use cases with end-to-end latency requirements ranging from below 1 ms   to multiple seconds. In several cases, High Reliability is more important for an application; since the application relies on that the successful message transmission is guaranteed within a latency bound (the latency itself may be even modest). From the URLLC use cases and characteristics the following can be observed.
Observation 1:	There are many URLLC services with different requirements concerning the latency and required reliability. NR design should be scalable to be able to address a range of URLLC services concerning different latency and reliability requirements.

This contribution discusses the functional impact and design issues for NR to address URLLC use cases. The analysis is broken down based on the URLLC characteristics of high reliability and low latency, for which general NR design principles are derived.

2 [bookmark: _Ref178064866]Discussion
2.1     Low latency
The NR design should address ranges of reliability, latency, and data rates. In the following we will discuss some high-level design considerations for URLLC.
The user plane latency of a one-way single transmission consists of the following components, see Figure 1:
1. Assignment of transmission resources
2. Frame alignment delay until the assigned transmission resources can be used
3. Data transmission
4. Receiver processing
To achieve low latency all components need to be reduced.
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[bookmark: _Ref470603149]Figure 1: Latency components of a one-way transmission.

Assignment of resources
In downlink, the assignment of resources can be instantaneous and is only limited by the scheduler implementation. In uplink, different resource assignment options exist and the baseline is dynamic scheduling. The delay can be reduced by
· Enabling immediate uplink scheduling grants on uplink scheduling requests (see [5]),
· Enabling pre-scheduled resource assignments for uplink transmissions
· Enabling a configured uplink transmission opportunity, i.e. uplink transmission without grant [3].
Frame alignment delay
The frame alignment delay depends on when transmissions can start, i.e. the time to the allocated resources. This may be either at the slot boundaries when transmitting in normal slots or at any OFDM symbol when using mini-slots (see [6]). In the former case short slot durations are desirable for very low latencies, by e.g. using a numerology with large subcarrier spacing. 
Transmission time and receiver processing
The transmission time and receiver processing depend on the frame structure. It is desired that a receiver can perform “on-the-fly” processing of slots as they are received, rather than first buffering a slot and processing it after arrival. This includes that channel coding design should ensure satisfactorily low decoding latency. For channel coding techniques using iterative decoder, e.g., turbo codes and LDPC codes, parameters like the number of iterations and the level of parallelism should be selected to strike the best compromise between frame error rate target, latency target, and chip area efficiency. To allow this the demodulation reference signals and control signals should be placed at the beginning of the slot, i.e. with a “frontloaded” slot design. See [5] and [7] for a more detailed discussion of the frame structure. 
A numerology with larger subcarrier spacing can reduce latencies, but also leads to a short cyclic prefix and reduced robustness against time dispersion of the transmission. This can be partly compensated by using an extended cyclic prefix at the costs of higher overhead. A flexibility of numerology should be supported (see [8]) that enables NR to configure a numerology which provides a good trade-off between latency and cyclic prefix overhead. 
For some URLLC applications with exceptionally low latency requirement, there may not be time to apply HARQ and a transmission may need to be configured not to use HARQ. In other URLLC applications HARQ may be applied. For the usage of hybrid-ARQ, a fast ACK/NACK scheme is desired, where the HARQ feedback is provided ~1 OFDM after data reception with quick retransmission in a subsequent slot (see [7]).

Proposal 1:	All steps in the transmission should be considered for providing low latency to URLLC services with NR, including resource assignments, frame structures and receiver processing.


2.2 Ultra-high reliability
The transmission of a packet can comprise several steps, which can include control signaling and data transmission, e.g. for assigning resources or HARQ feedback for retransmission. The entire transmission procedure, including control signaling and data transmission, determines the reliability level of the transmission. It’s important to consider that multiple steps may be required to ensure the reliable delivery of a packet: downlink control, uplink/downlink data transmission, feedback triggering retransmission. The fewer the steps and the more reliable each step is, the more reliable the packet delivery becomes.
Proposal 2:	For URLLC, NR needs to provide high reliability for the entire transmission procedure, which can include control information in addition to the data transmission.
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[bookmark: _Ref470608373]Figure 2: Fading margins for different diversity orders.
To achieve ultra-reliable transmissions over a fading radio channel significant SNR margins are needed. The usage of diversity over several independent channel realizations is a primary method for providing ultra-reliable transmission, while also keeping fading margins at reasonable levels (seeFigure 2). Diversity can be exploited in the time, frequency and spatial domain. In time domain the diversity can be achieved by either blind (open-loop) or feedback-based (closed-loop) repetitions, depending on if the latency requirements of the ultra-reliable service leaves sufficient time for HARQ (or ARQ) retransmissions. When ultra-reliable services also require very low latencies, numerology may instead be a key. Diversity in the spatial and frequency domain can be used within the physical bounds of the channel and the antenna configuration. In addition, channel codes need to be able to spread encoded bits over the different diversity channels in order to exploit higher diversity levels.
For ultra-reliable services with modest latency requirements, which clearly exceed the HARQ retransmission time (note that several repetitions may be required), HARQ is an option to provide sufficient reliability. With HARQ, also the reliability of the HARQ feedback information needs to be considered for the overall reliability assessment. Alternatively, a robust transmission without HARQ, possibly over bundled slots can be applied. HARQ-based transmission vs. non-HARQ-based transmission should be considered according to the trade-off between latency, reliability and spectral efficiency.
To exploit spatial diversity, multiple antennas at the transmitter and the receiver should be investigated. It shall be noted that UEs for URLLC devices are expected to be used in a wide range of applications areas (see TR 22.862) and may be embedded in various types of devices, like e.g. industrial sensors and actuator. The form factors of such URLLC devices may put limitations on the number of usable antennas at the device. The UE antenna configuration should be considered in providing a URLLC service.
Observation 2:	Diversity is a key mechanism for providing ultra-high reliability for URLLC.

Observation 3:	For very low latency requirements, time diversity via HARQ may not be exploitable. Transmit diversity over multiple antennas and sufficiently separated frequency allocations should be considered for achieving ultra-high reliability.

Observation 4:	UEs for URLLC may have restrictions by their form factors of the number of available antennas. NR should provide ultra-reliable communication for different device antenna options.

The coverage that can be provided for a URLLC service, depends on the service requirements and decreases for higher reliability, lower latency and higher data rate. In particular, for devices with large coupling loss, multi-connectivity should be considered for increasing reliability, including:
· Joint or coordinated transmission via multiple transmission-reception points.
· Joint or coordinated transmission over multiple carriers.
Observation 5:	The coverage for URLLC services depend on the service requirements and decreases for higher reliability, lower latency and higher data rate.

Proposal 3:	Multi-connectivity via joint or coordinated transmission via multiple transmission reception points should be considered for NR design for URLLC services.

Proposal 4:	Multi-connectivity via joint or coordinated transmission over multiple carriers should be considered for NR design for URLLC services.

3 Conclusion
After a short introduction into URLLC services and requirements, this paper discusses NR design principles to address URLLC services. 

In section 2, we make the following observations:

Observation 1:	There are many URLLC services with different requirements concerning the latency and required reliability. NR design should be scalable to be able to address a range of URLLC services concerning different latency and reliability requirements.

Observation 2:	Diversity is a key mechanism for providing ultra-high reliability for URLLC.

Observation 3:	For very low latency requirements, time diversity via HARQ may not be exploitable. Transmit diversity over multiple antennas and sufficiently separated frequency allocations should be considered for achieving ultra-high reliability.

Observation 4:	UEs for URLLC may have restrictions by their form factors of the number of available antennas. NR should provide ultra-reliable communication for different device antenna options.

Observation 5:	The coverage for URLLC services depend on the service requirements and decreases for higher reliability, lower latency and higher data rate.


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

Proposal 1:	All steps in the transmission should be considered for the providing low latency to URLLC services with NR, including resource assignments, frame structures and receiver processing.

Proposal 2:	For URLLC, NR needs to provide high-reliability for the entire transmission procedure, which can include control information in addition to the data transmission.

Proposal 3:	Multi-connectivity via joint or coordinated transmission via multiple transmission reception points should be considered for NR design for URLLC services.

Proposal 4:	Multi-connectivity via joint or coordinated transmission over multiple carriers should be considered for NR design for URLLC services.
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