
ARA: Wireless Living Lab for 
Smart and Connected Rural Communities
Hongwei Zhang, Daji Qiao, Sarath Babu, Mohamed Selim, Mai Zheng, Yong Guan

Ozdal Boyraz, Anish Arora, Mike Luby et al.

e2@arawireless.org

arawireless.org



Outline

 ARA Overview

 ARA User Community

 Looking Forward



Outline

 ARA Overview

 ARA User Community

 Looking Forward



ARA as Living Lab for 
NextG and Agriculture/Rural Communities

 Real-world, at-scale testbed infrastructure 

 Terrestrial wireless access, x-haul, and edge compute

 Satellite communications 

 Ecosystem stakeholders 

 across NextG and AgTech

 across academia, industry, government, and communities

 Research, innovation, education activities 
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Long-Distance, High-Throughput Communications 

 AraHaul: multi-modal, long-distance, high-throughput x-haul
 Terrestrial communications

 Optical (AraOptical)                   194THz            100Gbps+       15km+
 mmWave (Aviat WTM 4800)       71-86GHz         20Gbps           15km+
 Microwave (Aviat WTM 4200)     11GHz              2.5Gbps          20km+
 Multi-band (Aviat WTM 4811)     11, 71-86GHz    2.5-20Gbps      15km+

 NTN / LEO satcom                     10-30GHz       100Mbps       across planet 

 AraRAN: high-throughput COTS & SDR systems 
 Low-UHF mMIMO (Skylark)                460-776MHz        100Mbps+   10km+
 mid-band (Ericsson, NI)                     3.4-3.6GHz          600Mbps+   4km+
 mmWave (Ericsson, NI, InterDigital)   27.5-28.35GHz     2Gbps+       400m+

Diverse use cases
Spectral, temporal, spatial diversity for capacity, real-time, and robustness!



ARA System Architecture 



ARA Base Station Sites
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ARA UE Stations (selected)
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ARA BS and UE Sites
- 7 BSes deployed (circled in red)     
- 30 UEs deployed
- 10+ solar-powered UE trailers 
in progress

~19 m
iles

~26 miles

Phase 1

Phase 1 + Phase 2



Wireless Research

 SatCom, x-haul & access channel and link measurement 
 LEO satellite communications: Starlink, OneWeb
 Long-distance, high-capacity x-haul at 11GHz, 71-86GHz (& 194Thz)
 Heterogeneous access at 460-776MHz, 3.4-3.6GHz, and 27.5-28.35GHz

 RAN & x-haul systems
 5G / NextG, Open RAN, AI RAN

 Open source: OCUDU/srsRAN, Duranta/OAI, OSC, SD-Core etc
 Programmable COTS

 Massive MIMO
 Ericsson 192/384-element arrays (64T64R)
 Skylark Wireless

 Dynamic spectrum sharing 

 End-to-end real-time communications and computing 



Applications Research

 Precision agriculture

 Crop phenotyping 

 Livestock health monitoring 

 Agriculture automation 

 Community services

 Safe water

 Smart transportation 

 Public safety 



21 Exemplar Wireless Experiments

Resource Used Experiment Count
Compute nodes Hello World, Edge 2

OCUDU 2 (1 outdoor + 1 indoor)
srsRAN 2 (1 outdoor + 1 indoor )
OpenAirInterface (OAI) 2 (1 outdoor + 1 indoor)
O-RAN with FlexRIC 2 (1 OCUDU, 1 OAI)
GNURadio experiments 1
Spectrum Sensing 1
Skylark massive MIMO 3
COTS 5G massive MIMO 2
MmWave 1

AraHaul
LEO SatCom backhaul 1
11 GHz & 80 GHz x-haul 2
194 THz free-space optical 2

Weather sensors Fine-grained weather info 1



ARA Datasets
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ARA Users and Experiments
 63 universities/organizations, 11 countries, 4 continents

 55 Universities, 6 non-profits, 2 industry
 130 projects, 458 users
 5,276 experiments



ARA Users by Regions

Region Country Organizations Users

North America
USA 48 401
Canada 2 3

South America Brazil 1 1

Europe

France 1 3
Austria 1 1
Sweden 1 2
Italy 1 1

Asia

Taiwan 2 4
India 1 2
Thailand 1 2
Bangladesh 1 1



ARA Users in US & Canada



Types of Wireless Experiments



Projects using ARA (selected)
 NSF/USDA AI Institutes

 ICICLE: Intelligent CI with Computational Learning in the Environment 
($20M)

 AIIRA: AI Institute for Resilient Agriculture ($20M)
 AI-EDGE: AI Institute for Future Edge Networks and Distributed 

Intelligence ($20M)

 NTIA Innovation Fund
 ACCoRD: Acceleration of Compatibility and Commercialization for Open 

RAN Deployments ($42M)
 ArMORED: Architecture for Massive-MIMO Open RAN Energy-efficient 

Devices ($10M)

 Other NSF projects
 VINES Track 2 AgSlicing project
 COALESCE CPS Frontier project
 AI-AgARENA Project on Advancing AI for Climate-Smart Agriculture

 U.S. Army



ARA Publications

 ARA & components: 28

 Citation: 200



ARA Datasets

 4 published datasets

 2,499 downloads in past 5 months

Dataset Number of Downloads
TVWS Massive MIMO 2,373
X-Haul 99
COTS 5G RSRP 15
TVWS Spectrum Availability 12



ARA-Enabled Research Publications

 Publications 

 ACM CoNEXT, HotMobile, HotInfra, MHV etc

 IEEE DySPAN, ICNP, RTSS, NetSoft, MILCOM, TMA, ICCCN etc

 RTSS’2026
 T. Zhang, S. Balamurali, M., X. S. Hu, S. Han, BWP-aware Real-Time Scheduling for 

Heterogeneous UEs in Industrial 5G Systems, IEEE Real-Time Systems Symposium 
(RTSS), 2026

 HotMobile'26
 J. Schellberg, S. Jog, V. Ranganathan, K. Chintalapudi, B. Priyantha, and B. Krishnaswamy. 

2026. Mirror in the Sky: Democratizing Continent-Scale IoT Connectivity via 
Amateur Satellites. ACM HotMobile, 2026



2026 User Stories (selected)



2025 User Stories (selected)
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 First-of-its-kind 10+ km terrestrial FSOC (free-space optical comm) system 

 aggregate capacity of up to 160 Gbps

 Operating frequency: 191.7 - 194.8 THz

AraOptical: Phase 1



Scintillation Effect

 LNA increases the dynamic range of power fluctuations
 Amplifies the scintillation index

 Low bit rates correlate strongly with peaks in scintillation
 Adaptive gain control with LNA



Rain Impact



 System re-design for long-range alignment and stability 
 Co-centric beacon and data beams 
 In-telescope mirror scanning vs. whole-telescope adjustment 
 Vibration sensor: vibration vs. scintillation 
 Multi-scale alignment and maintenance 

 Up to 2.97 Gbps observed for up to 3+ hours
 From long-range terrestrial to ground-satellite FSOC 

AraOptical: Phase 2





Research Support Priority
 Open RAN & AI RAN

 End-to-end open-source support from UE to DUCU, RICs and core
 E.g., OCUDU + Duranta / COTS UE

 Energy-efficient massive MIMO O-RU

 Long-range massive MIMO
 Skylark Faros v2 14TR (open source), Faros v3 & ArMORED 32TR (O-RAN)
 Ericsson COTS 5G at 3.5 GHz (192 TR) and 28 GHz (256 TR)

 Long-range, high-capacity wireless x-haul 
 Free-space optical, mmWave, microwave links
 AI-native liquid x-haul networking for robust and capacity-achieving real-time x-haul

 Satellite communications (& FR3 support)
 Starlink, OneWeb, AST Space Mobile
 6G NTN (e.g., OCUDU)

 Integrated terrestrial and satellite communications

 Digital twin for NTN, network planning etc



NSF AgRuralG Workshop & AgWireless’26 

Ag-inspired, rural-focused NextG research, innovation and partnerships



arawireless.org

Contact: e2@arawireless.org
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