e 'Refhi/n,king Communication-and Control for Low-Latency, High-Reliability loT Devices

George Pappﬁs (P1), Hamed Hassani (Co-Pl), Alejandro Ribeiro (Co-Pl), University of Pennsylvania, Philadelphia, PA

Problem Formulation |
inputs [

Wireless Autonomous Applications for 10T/5G

Need for a new abstraction
Latency: important in order to respond to physical disturbances timely
Reliability: important in order to ensure overall system safety and stability
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Safety-critical

Industrial Connected vehicles applications Robotics » Rate: important in order to convey high fidelity control information '“"I";‘“i”{‘vbi“ T
automation PP > Uncertainty: adapt to unknown channel conditions and system dynamics
* Next generation wireless networks target time-sensitive autonomous systems:
* Ultra-low latency (<1ms), ultra-high reliability (99.999%), large-scale deployments « Wireless control model features closing loop over error-prone channel

* Need for fast and reliable information transfer beyond capabilities of current networks > UL transmission given small latency threshold

» Packet containing state info otherwise dropped

Project Goals: [ | o
* Design low-latency short packet codes and fundamental latency-reliability-rate tradeoffs over channels [EAS (o]
* Rethink estimation and control designs based on novel rate-latency-reliability abstractions Blppd, = Azy + Buy +wy, k> 0‘ = =
* Enable large scale wireless control networks by reformulating as learning problems with tools such as GNNs
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traditional high reliability goa'ls . « Development of new courses on the topics of the project
+ Co-design: select optimal code length and , - ; , * Results are leveraged to service larger number of users under tight i) Reinforcement Learning: including topics relevant to Learning for Large Scale Wireless
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> Our approach increases ~50% the number of supported control systems H H
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el 3 * Low-latency channel coding: Novel short channel-coding to meet low-latency requirements
= g1 36 with efficient decoding
g * Federated Learning and Control over loT data: Optimal joint communication, learning, and
Long codes > long % 30 28 . - .
o == 2 controller design over latency-sensitive loT devices
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