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[bookmark: _GoBack]Document for:	Discussion, 
[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. 1 ms radio link latency and guaranteed minimum reliability e.g. %99.999 are crucial for some URLLC which are discussed in [1]. 
SA1 has already outlined different target scenarios for C-MTC in TR 22.862 [2], where concrete requirements are also identified.
This contribution focus on URLLC uses cases and how they map to requirements in high level. In paper R2-168486 we focus more on mobility and V2X related requirements. 
[bookmark: _Ref465945354]Discussions
[bookmark: _Ref462918989]5G aims to support a broad range of use cases (or services) and ground-breaking potential of the URLLC devices (robots, smart cars,etc.) and their applications are mainly illustrated by Figure 1 and listed below;
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[bookmark: _Ref464548083][bookmark: _Ref464548078]Figure 1:URLLC uses cases. 
[bookmark: _Toc461106288]
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: starts with capturing data, transmission of 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 application which are considered within 5G systems. Currently the industrial control systems rely on a fast wired links, however they are already aiming to utilize flexible 5G system 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 targeted maximum round-trip times of 1 ms as well.
Interactive Augmented- Virtual Reality: 
A high-resolution augmented-virtual reality system are very efficient way to display a real or manipulated environment in three-dimensions for some purposes such as education.

In a particular 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 target 1 ms 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 and 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 be able to monitor attributes of the objects in the traffic based on the object’s received data. By doing that, fatal situations will be anticipated and in order to prevent accidents the system will interact directly e.g. steer some vehicles even before the drivers.

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

Conclusion
Based on discussion in section 2 we make the following observations:

The needs of URLLC uses cases such as reliability and latency has to be considered for each specific scenario
The described use-cases requires that URLLC devices gets uplink access instantly with out any delay
The URLLC devices need to transmit uplink data as fast as downlink
In most of the scenarios, the URLLC devices should have mobility capability

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

[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]RAN2 to look into the aspects above as key enablers for URLLC use cases
RAN2 should consider how to guarantee instant uplink access for URLLC devices
RAN2 should consider how to support mobile URLLC devices
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