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[bookmark: _Ref462817227]Introduction
[bookmark: _Ref178064866]URLLC (Ultra Reliable Low Latency Communication) will provide a paradigm shift and enhance the way of communication with extremely challenging requirements. This includes 1 ms end-to-end radio link latency and guaranteed minimum reliability of 99.999%, which are crucial for some URLLC use cases, as discussed in [1]. 
SA1 has already outlined different target scenarios for C-MTC in TR 22.862 [2], where concrete requirements are also identified. General 5G requirements also covering URLLC have been set by 3GPP [6] and ITU [7].
This contribution focus on URLLC uses cases and how they map to requirements in high level. In a set of companion papers, we discuss further on mobility [3], contention based UL access [4], and higher layer data duplication [5].
In RAN2#96 the following was agreed for URLLC:
· NR design will aim to meet the URLLC QoS requirements only after the control plane signalling for session setup has completed (to eliminate the case that the UE is initially in idle)
· DRX design will not optimise for URLLC service requirements.
· FFS: Whether RLC-AM can be used to provide the URLLC service requirements, and whether any optimisations are required for this.
· Multi-connectivity (e.g. with packet duplication, link selection) should be studied for achieving the reliability requirements for URLLC. 

In RAN1#87 the following was agreed for URLLC:
· 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
· 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
· Asynchronous and adaptive HARQ is supported for DL
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· FFS whether DL control can be supported within one mini-slot of length 1 
· Lengths from 2 to slot length -1
· FFS on restrictions of mini-slot length based on restrictions on starting position 
· For URLLC, 2 is supported, FFS other values 
· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions
· Can start at any OFDM symbol, at least above 6 GHz
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 

[bookmark: _Ref465945354]Use cases
[bookmark: _Ref462918989]5G aims to support a broad range of use cases (or services) and enable ground-breaking performance of the URLLC devices (robots, smart cars, etc.). Some main URLLC applications are illustrated in Figure 1 and discussed in the subsections below.
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[bookmark: _Ref464548083][bookmark: _Ref464548078]Figure 1: URLLC uses cases. 
[bookmark: _Toc461106288]NR should thus enable a wide range of URLLC use cases.
A wide range of URLLC use cases should be supported by NR.
Robotics
5G needs to improve the response time for diagnostic situations. For instance, in the near future the robots will be very low-cost, since the robots will only carry around a set of sensors, cameras, actuator and mobility control units, and all the intelligent computation system, requiring expensive hardware, will be remotely run on an edge cloud.

The sensors and cameras on the robots will be used to monitor the environment and capture the data in real time. The captured data will be immediately transmitted to a central system in a few milliseconds. The center processes the data in an intelligent way e.g. based on machine learning and AI (artificial intelligent) algorithms and take decisions for the robots. The decision/commands will be delivered to the robot very quickly and the robots will follow the instructions. 

The targeted maximum round trip time for this kind of robotic scenario is 1ms: start with capturing data, transmit the data to the center, progress data on the center and send the command to the robot, and run the received command.

Industrial Automation
Industrial automation (together with MTC) is one of the key applications which are considered within 5G systems. The current industrial control systems rely on fast and reliable wired links. However, there exists a large interest in utilizing flexible wireless systems provided by 5G in the future

This use case considers a combined indoor-outdoor factory environment, where a number of objects e.g. robots, self-driving heavy machines, etc. performing various dedicated tasks as parts of a production process. All these objects are controlled by a production center.

These kind of industrial applications require a guaranteed reliability, higher data rate and minimum end-to-end latency within various control processes.  

Remote Surgery and Health Care
Remote surgery can be considered as another 5G URLLC use case. With a sense of touch, 5G can enable a surgeon to diagnose e.g. identify cancerous tissue, where the specialist and the patient physically are not able to be present in the same room/environment.
In this 5G medical use case, there will a robotic end which in real time will provide the sense of touch to the surgeon during a minimally invasive surgery. The sense of touch will be captured at the robotic end and with a latency of few milliseconds the sensed data will be reflected to the surgeon who is at the other end and wears haptic gloves. On top of that, the surgeon needs to be able to remotely control the robotic end as well in a visualized environment. 
In the remote surgery scenario, the targeted maximum round-trip time is 1ms as well.
Interactive Augmented-Virtual Reality
A high-resolution augmented-virtual reality system is an efficient way to display a real or manipulated environment in three-dimensions for, for example, educational purpose.

In one scenario a number of trainees are connected in a virtualized real environment/system simulator, where the trainees are able to jointly/collaboratively interact with each other by perceiving the same environment and the same artificial subjects and objects. 

Since the scenario requires interaction between the trainees in real-time the targeted round-trip time from trainee to the simulator and from simulator back to the trainee, should be 1ms and not exceed human perception time.
Smart Vehicles, Transport and Infrastructure
Self-Driving vehicles can be interpreted as autonomous driving where vehicle to infrastructure (smart bus stop, smart traffic lights etc.) and vehicle to vehicle real time communication is required. All these communications can be coordinated in real time by a centralized system e.g. Intelligent Traffic Management Center (ITMC).  

In such scenario, the ITMC aims to estimate hazardous conditions well in advance and decrease the risk of traffic accidents. 

As an example, as an intelligent system ITMC can monitor attributes of the objects in the traffic based on the object’s received data. By doing that, fatal situations will be anticipated and the system will interact directly e.g. steer vehicles even before the drivers to prevent accidents.

In this kind of traffic scenarios, 1ms round-trip latency from vehicles to ITMC and ITMC to the vehicles will increase the traffic safety.

Drones and Aircraft Communication

Drones are getting increasingly important especially in surveillance, public safety and media domain. All these domains come under the critical communication with strict requirements on latency and reliability. The motivation for such requirements varies from mission criticality to monetary benefits, i.e. coverage of sports events using drones leading to in demand content with high copyrights cost. 

The control of drones using NR is under discussion as latency and reliability would be key factors to control the drones given the nature of use cases considered. Similarly, aircraft communication is also being considered using NR which also demands highest standard of reliability and strict latency requirements. The long distances mobility aspects together with latency and reliability requirements would be challenging in this use case.

In some URLLC scenarios, mobility is a key requirement together with latency and reliability.
The core needs of each URLLC use case is reliability and latency and these needs should have precedence over resource efficiency due to criticality of the scenarios. 

Requirements
Both ITU [7] and 3GPP [6] have defined a set of requirements for 5G, including URLLC. For URLLC Reliability the requirement is the same, whereas for URLLC Latency, 3GPP places a stricter requirement of 0.5ms one-way end-to-end latency in UL and DL, compared to 1ms in ITU.
3GPP
3GPP has agreed on the following relevant requirements [6]:
· Reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, 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).
· A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.
· UP latency: 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.
IMT 2020
For IMT 2020 submission, LTE Rel-15 should be able to separately fulfill [7]:
· Low latency: It is defined as the one-way 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 of the radio interface in either uplink or downlink in the network for a given service in unloaded conditions, assuming the mobile station is in the active state.
· The minimum requirements for user plane latency is 1 ms for URLLC 
· Reliability: Reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, 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)]. This requirement is defined for the purpose of evaluation in the related URLLC test environment.
· The minimum requirement for the reliability is [1-10-5] success probability of transmitting a data packet of size [20 bytes] bytes within [1] ms [in channel quality of coverage edge] for the Urban macro -URLLC test environment.
Other
Apart from the ITU and 3GPP requirements there are other interesting combinations of latency and reliability that may apply to future use cases. One such case is a wide-area scenario with a more relaxed latency but with high reliability. Therefore, we argue that network should be able to configure a wide range of latency-reliability settings. To enable this, several different technological components should be considered for URLLC.
URLLC should fulfil IMT 2020 requirements and also a wider range of requirements relevant for future use cases.
Technical components
As mentioned above, a wide range of performance requirement calls for a set of tools for the network to apply according to use case and scenario. At physical layer this can include enhanced coding, diversity, repetitions, and extra robust control and feedback. At higher layers the focus is fast and reliable scheduling, data duplication, and mobility robustness.
Physical layer enhancements
To reach low BLER targets both the control and data channels should use robust codes. This is treated in RAN1 and should be transparent to RAN2.
Diversity
Diversity is the key to achieve high reliability. Whereas one single transmission (including control message) can be robust (low BLER), it requires a very low code rate and therefore wide allocations to reach the target. With diversity the transmission is spread out in time, space, and frequency, exploiting variations in the channel to maximize the signal.
In time domain
Two main options are foreseen. One way is that the transmission is extended over more OFDM symbols and thereby the code rate is reduced. Alternatively, the transmission is repeated. A repetition can be automatic (bundled transmissions) or triggered by feedback (HARQ).
In spatial domain
The use of more receive antennas improves the signal quality and should be important to reach low BLER targets. This is treated in RAN1.
In frequency domain
The transmission of control and data may be repeated on multiple carriers to exploit frequency diversity of the channel. Repetition of data can be done lower layers (L1, MAC) or in higher layers (PDCP).
Configured grants
For UL transmissions, the basic access is based on Scheduling Request (SR). The SR is followed by an UL grant, and only after receiving this grant the UE is able to transmit UL data. The two first transmissions (SR and grant) cause an extra delay, which may be an issue for delay sensitive traffic. As an alternative, the UL grant can be configured, e.g. like SPS UL with skip padding in LTE, “Fast UL”. With Fast UL, the UE has a configured UL grant that it may use when it has UL data. In this setup, the UL latency is similar to that of DL, making it an important enhancement for URLLC.
Contention based access
Given the large BW allocations expected for URLLC UL traffic, a configured grant where eNB pre-allocates a part of the band to a UE, can lead to UL capacity problems. This leads to large resource waste if the URLLC UL traffic is less frequent and sporadic. This issue can be solved if the same time-frequency resource can be given to multiple UEs. Then, given that collisions may occur, the eNB must be able to resolve the contention in a reliable way. This is further discussed in [4].
Mobility enhancements
The requirement on latency and reliability is not only for static UE, but also for UE with different mobility levels for different use cases. The achievable performance under LTE system is revisited in [3], covering cases for both handover success and handover failure, and further possible enhancement is proposed as well. 
Higher layer duplication or link selection
Increased robustness can be achieved at higher layers by transmitting duplicates of the data in either the spatial domain (Dual Connectivity), frequency domain (Carrier Aggregation), or in time domain with MAC/RLC layer duplication. Optionally, without duplication, better reception quality can be achieved by properly selecting between a set of available connecting links (Multiple Connectivity). These methods are further discussed in [5].

For URLLC, RAN2 should prioritize specification of configured grants, fast link selection and data duplication in higher layers.
RAN2 should consider enhancements for URLLC mobility, and resource efficiency improvements through contention based access.

Conclusion
In this contribution, we have discussed the most important use cases of URLLC along with the current agreements on URLLC topic in RAN 1. 3GPP and IMT requirements from URLLC feature are stated and the key enablers to meet those requirements are also elaborated. 
Based on discussion in section 2 & 3, we make the following observations:

1. A wide range of URLLC use cases should be supported by NR.
In some URLLC scenarios, mobility is a key requirement together with latency and reliability.
The core needs of each URLLC use case is reliability and latency and these needs should have precedence over resource efficiency due to criticality of the scenarios. 
URLLC should fulfil IMT 2020 requirements and also a wider range of requirements relevant for future use cases.

Based on the discussion in section 4 we propose the following:
 
1. For URLLC, RAN2 should prioritize specification of configured grants, fast link selection and data duplication in higher layers.
RAN2 should consider enhancements for URLLC mobility, and resource efficiency improvements through contention based access.
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