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NYU WIRELESS is a vibrant academic research center 

pushing the boundaries of wireless communications, 

sensing, networking, and devices.

RELESS.COM 

NYU WIRELESS Newsletter 

Download and read copies of our previous newsletters online  

by visiting nyuwireless.com/nyu-wireless-newsletter

Centered at NYU Tandon School of Engineering and involving leaders from indus-

try, faculty, and students throughout the entire NYU community, NYU WIRELESS 

offers its Industrial Affiliate Members, students, and faculty a world-class research 

environment that is creating fundamental knowledge, theories, and techniques for 

future mass-deployable wireless devices in a wide range of applications and markets. 

Every January, NYU WIRELESS hosts an annual Open House for all of its stu-

dents and Industrial Affiliate Members, followed in October by the prestigious 

invitation-only Brooklyn 6G Summit (B6GS.com), in cooperation with Nokia, for 

the Center’s Industrial Affiliates and thought leaders throughout the global tele-

communications industry. The NYU WIRELESS Workshop is scheduled for June 

13 & 14, 2024, on the NYU Tandon School of Engineering campus.

NYU WIRELESS, info@nyuwireless.com

Leadership Founding Director Ted Rappaport, Director Thomas L. Marzetta, and 

Associate Directors Sundeep Rangan, John-Ross Rizzo, and Dennis Shasha manage 

NYU WIRELESS across Brooklyn and Manhattan campuses of NYU. Rappaport 

has powered the 5G millimeter wave era and is a leading educator in the wireless 

arena, having authored many books and started two companies and three major 

academic wireless research centers. Rangan is an Electrical Engineering Professor 

at NYU Tandon and was a co-founder of Flarion Technologies, which developed 

Flash-OFDM, one of the first cellular OFDM data systems.  Marzetta originated the 

concept of Massive MIMO and seeks ten-fold improvements over Massive MIMO 

through a closer union of wave propagation physics and communication theory.  

Rizzo is an Associate Professor in the Departments of Rehabilitation Medicine 

and Neurology at NYU Langone Health. His research is focused on wearable 

technology and blindness and visual impairment. Shasha of Courant’s Computer 

Science Department is widely known for his expertise in data-intensive algorithms 

and streaming data and is a highly acclaimed inventor of mathematical puzzles. 

The Industrial Affiliates Program NYU WIRELESS invites global companies to 

join our Industrial Affiliates program, which offers instant access to cutting-edge 

research results and talented students in a mutually beneficial relationship among 

NYU WIRELESS researchers, students, facilities, and leading industry partners. 

NYU WIRELESS would like to thank our Industrial Affiliate Partners as well as NSF, 

NIH, and DOD for their continued support. Learn more about our Industrial Affil-

iates program by visiting nyuwireless.com/industrial-affiliates.
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The Impact of Undirected  
Research: Part II
In a previous From the Director essay, I made a case for  

undirected fundamental research, using Massive MIMO as an 

example. It is now my great pleasure to highlight two recent 

examples from NYU WIRELESS of this type of research. 

Professor Ted Rappaport and his students Mingjun Ying, Dipankar Shakya, and Hitesh 

Poddar (now with Sharp Labs) received the Globecom 2023 Best Paper Award in the 

Green Communications Systems and Network Symposium for their paper, “Waste 

Factor: A New Metric for Evaluating Power Efficiency in Any Cascade” (see page 15). 

Waste Factor enables the systematic and convenient evaluation of total power con-

sumption in a chain of devices in a manner that parallels the classic 1944 treatment 

by H. T. Friis (“Noise Figures of Radio Receivers”) of the cumulative effects of additive 

noise in a chain of devices. Waste Factor provides a standard metric for quantifying 

and comparing power consumption just as Noise Factor is the standard metric for 

quantifying and comparing noise performance. Future impact should be huge given 

the ever-growing emphasis on energy-efficient wireless solutions.

A paper by my student Amritpal Singh and myself, “Shannon Theory for Wireless 

Communication in a Resonant Chamber,” was accepted by the journal IEEE JSAC 

Special Issue on Electromagnetic Signal and Information Theory. We postulate that 

the ideal structure for either a robot-manned factory or a data center is a copper 

box, offering near-lossless propagation and complete shielding of the interior from 

the exterior. Communication cables can be dispensed with, and there is the addi-

tional possibility of efficient wireless power transfer. The wireless channel within the 

box is unprecedented in communication theory, having poles on or near the real 

frequency axis. We found—contrary to all expectations—that the capacity-attaining 

allocation of transmit power versus frequency avoids placing power close to the 

resonant frequencies. Currently, we are searching for an alternative to OFDM given 

the long reverberation time of the channel.

Both of these research projects were made possible by donations from NYU WIRE-

LESS Industrial Affiliate Members. We are very grateful for their support! Please email 

info@nyuwireless.com to learn more about becoming an Industrial Affiliate Member. 

Thomas L. Marzetta
Director, NYU WIRELESS

 SUMMER 2024 •  VOL.  1 1 ,  NO.  1  •  NYUWIRELESS.COM   1 

NYU Wireless Pulse Summer 2024_g.indd   1NYU Wireless Pulse Summer 2024_g.indd   1 5/14/24   10:33 PM5/14/24   10:33 PM



 2    SUMMER 2024 •  VOL.  1 1 ,  NO.  1  • NYUWIRELESS.COM 

NSF Grant Awarded  
to Assist People  
with Blindness and  
Low Vision
With the help of a three-year $5 million grant from the  

National Science Foundation (NSF), a team at NYU Tandon 

School of Engineering has kicked off its second phase of  

an ambitious research project that aims to transform  

navigation and accessibility for many of the 285 million 

people worldwide with blindness and low vision (pBLV). 

Led by John-Ross Rizzo—Associate Director of 

NYU WIRELESS, Associate Professor in NYU 

Tandon’s Biomedical Engineering Department, 

affiliated faculty at the NYU Tandon Center for 

Urban Science and Progress 

(CUSP), and Associate Pro-

fessor in the Department of 

Rehabilitation Medicine at 

NYU Grossman School of 

Medicine—the team will con-

tinue developing VIS4ION 

(Visually Impaired Smart 

Service System for Spatial 

Intelligence and Onboard 

Navigation), a wearable 

technology platform designed to help pBLV bet-

ter understand and navigate their environments.

VIS4ION works by using miniaturized sen-

sors—including cameras, microphones, GPS, 

and motion sensors on wearable devices—to 

collect data about the user’s environment. 

Artificial Intelligence (AI) services running 

locally within the platform and remotely in 

the cloud process the sensor data to inter-

pret the environment and tell the user where 

to walk, what to avoid, and how to maneuver  

through hazards.

“People with blindness and low vision have 

unacceptably high unemployment rates, with 

some studies showing levels at about eighty 

percent,” said J.R., who is the project’s Principal 

Investigator (PI). “A critical obstacle to employ-

ment is commuting difficulties and navigation 

within the workplace itself. This project takes a 

fundamental step in solving this problem. If suc-

cessful, we believe it will significantly improve 

pBLV’s quality of life and unlock their poten-

tial to contribute fully to the communities in 

which they live.”

In 2022, the NSF awarded the team a Phase 

One Convergence Accelerator Grant to support 

its early VIS4ION work. These highly competitive 

grants fund research to address societal chal-

lenges. The team’s promising preliminary results 

prompted the NSF to advance the VIS4ION proj-

ect to its Phase Two funding round.

During Phase One, the researchers suc-

cessfully built a lightweight wearable VIS4ION 

backpack prototype with cameras, on-board 

processing, and audio and haptic feedback. 

They subsequently demonstrated that the back-

pack could be used for safe navigation through 

a variety of environments.

The team also developed VIS4ION mobile, a 

stand-alone platform for use entirely on a smart-

phone. The signature microservice—offered on 

both the wearable and mobile platforms—is 

UNav, a software that creates camera-based, 

infrastructure-free “digital twins” or 3D maps of 

complex indoor and outdoor environments, sup-

porting wayfinding to close- or far-range desti-

nations through audio and haptic user prompts.

 “Engineering can even the 
playing field, and it is research 
like this, led by J.R., that 
ensures that everyone can 
navigate both urban and  
rural communities.”
NYU TANDON DEAN JELENA KOVAČEVIĆ
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In collaboration with New York City’s Metro-

politan Transit Authority, the VIS4ION research-

ers also unveiled an early version of Commute 

Booster, a smartphone app that guides users to 

their destinations in subway stations by “reading” 

the directional signage it encounters. 

Moving forward, the team will continue to 

improve VIS4ION services while reducing the 

wearable’s size and weight. The goal is a commer-

cially available wearable product, a breakthrough 

that user advocates have sought for years.

“NYU has the rare ability to bring faculty from 

across schools and departments to collaborate 

on the creation of technologies that help create 

greater accessibility,” said NYU Tandon Dean 

Jelena Kovačević. “Engineering can even the 

playing field, and it is research like this, led by 

J. R. Rizzo, that ensures that everyone is able 

to navigate both urban and rural communities.”

Vital to the work is the team’s collaborations 

with industry leaders, including NYU WIRELESS 

Industrial Affiliate Qualcomm, whose ongoing 

research and development efforts contribute 

broadly to the wearable technology ecosystem. 

“Snapdragon platforms enable compelling 

new applications that require high performance 

compute, wireless, and AI capabilities,” said 

Junyi Li, Vice President, Engineering at Qual-

comm Technologies, Inc. “Qualcomm is looking 

forward to the collaboration with NYU in this 

NSF-awarded project to enable powerful wear-

able devices with advanced assistive technolo-

gies for people with blindness and low vision.”

Dell Technologies, another NYU WIRELESS 

Industrial Affiliate, will provide critical Dell Pre-

cision rack workstations to enable the cloud-

based AI microservices for the wearable.

“Collaborating with NYU on this project is an 

incredible opportunity to use our technology 

to advance and transform accessibility,” said 

Charlie Walker, Senior Director and GM, Pre-

cision Workstations, Dell Technologies. “Using 

Dell Precision rack workstations equipped with 

powerful GPUs, NYU can run computing-inten-

sive tasks, such as real-time object detection and 

vision-language models, to expand and improve 

the AI services on the wearable.”

In addition to J. R., senior personnel involved in 

the project reflect an integrated effort that crosses 

disciplines and engages multiple departments 

and centers: NYU WIRELESS members Sundeep 

Rangan (Associate Director of the Center), Yao 

Wang, and Marco Mezzavilla, as well as Tommy 

Azzino, graduate research assistant; and NYU Tan-

don professors Chen Feng, Maurizio Profiri, and 

Yi Feng. Additionally, others from NYU Tandon 

involved in the project include Anbang Yang, Jun-

chi Feng, Fabiana Ricci, and Jacky Yuan. Clinical 

Associate Professor Ashish Bhatia at NYU Stern 

School of Business will also contribute. From NYU 

Grossman School of Medicine, team members 

include Mahya Beheshti, Giles Hamilton-Fletcher, 

Todd Hudson, and Joseph Rath.

Tactile Navigation Tools (TNT), the team’s 

start-up partner, will drive the project’s commer-

cialization efforts, beginning with increasing the 

technology applications to improve accessibil-

ity and quality in NYC real estate for customers 

with and without navigational challenges. TNT 

is led by its CEO Van Krishnamoorthy, a physi-

cian entrepreneur. 

The project’s nonprofit collaborators include 

the Lighthouse Guild—whose Chief Research 

Officer William H. Seiple will help direct and 

develop protocols for all workplace studies—and 

VISIONS. Key government agencies including 

the MTA and NYC Department of Transporta-

tion are also involved. 

In addition to Qualcomm and Dell, collabo-

rators include Google, AT&T, and TaggedWeb. 

The VIS4ION project reflects NYU Tandon’s 

commitment to solving problems related to 

health, one of the seven interdisciplinary “Areas 

of Excellence” that define the school’s research 

and educational priorities.  

Associate Professor Associate Professor 

J.R. Rizzo with former J.R. Rizzo with former 

Prime Minister of Prime Minister of 

Finland Sanna Marin.Finland Sanna Marin.
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 NanoNews
NanoFab Update
NanoFab provides NYU and NYC technology communities 

with cutting-edge capabilities to fabricate next-generation 

semiconductor chips.

In October of 2023, the NYU Nanofabrication 

(NanoFab) Cleanroom officially opened on the 

Tandon campus. The facility provides a special-

ized research environment where scientists and 

engineers can fabricate cutting-edge semicon-

ductor chips to advance research in quantum 

science and engineering, precision medicine, 

neurotechnologies, next-generation commu-

nications technology, and secure computing. 

Under the leadership of Davood Shahrjerdi, 

NYU Associate Professor of Electrical and Com-

puter Engineering, NYU NanoFab helps fulfill 

the promise of the bipartisan CHIPS Act, signed 

into law by President Biden in 2022. The CHIPS 

Act aims to bolster U.S. chip manufacturing to 

meet growing global demand and to support 

related research and development and work-

force cultivation.  

NYU NanoFab, the only such academic facil-

ity in Brooklyn, is available to all NYU faculty and 

students and to the academic and tech com-

munities in Brooklyn and beyond. The state-

of-the-art facility enables researchers to make 

semiconductors that accelerate artificial intel-

ligence advances, power quantum computing, 

produce new medical devices, and develop other 

innovations that improve people’s lives. NYU and 

NanoFab are part of the NORDTECH Microelec-

tronics Commons consortium, a group that con-

tributes facilities and infrastructure in targeted 

R&D projects as well as education and work-

force development. NORDTECH received $40 

million from the U.S. Department of Defense’s 

Microelectronic Commons Program, which the 

CHIPS and Science Act also funds.

At NYU Tandon, the NanoFab aligns with 

the ongoing research of NYU WIRELESS and 

the Center for Cybersecurity, as well as areas 

of excellence at the school, which range from 

health to urban tech and sustainability. It will 

continue to drive university leadership in quan-

tum computing, artificial intelligence, and robot-

ics, providing research capabilities rarely found 

in academia.

“NYU Tandon’s new Nanofab cleanroom in 

Brooklyn is a state-of-the-art laboratory where 

our world-class scientists, scholars, and stu-

dents—as well as our partners and collaborators 
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from around the city—can harness their inge-

nuity and innovative prowess to advance scien-

tific discoveries while boosting both New York’s 

economy and its burgeoning tech sector,” said 

Linda G. Mills, President of NYU.

NanoFab Director Davood Shahrjerdi com-

mented, “I am grateful for the opportunity 

and support to lead the effort in shaping the 

vision and infrastructure of NanoFab. After two 

demanding years of enhancing infrastructure 

and experimental research capabilities, I am 

excited that this project came to fruition, and 

this core research laboratory is now available 

to support cutting-edge research on functional 

materials and nanoscale devices. Nanofab’s 

mission is to equip our community with cut-

ting-edge experimental capabilities to advance 

the frontiers of semiconductors and quantum 

materials, while empowering us to educate the 

next generation of scientists and engineers 

equipped with critical knowledge for tackling 

the grand challenges of our time. Our mission 

aligns perfectly with the goals of the CHIPS  

and Science Act.”   

Graphene under RF radiation.Graphene under RF radiation.

NYU NanoFab offers 
notable capabilities for 
processing emergent 
semiconductors and 
quantum materials, 
including:  

 • 
Plasma-enhanced 
atomic layer deposition 
of high-quality metal 
oxide and metal nitride 
dielectrics

 • 
A state-of-the-art  
ion beam etch system  
to thin down exotic 
materials, such as 
magnetic materials, with 
nanoscale precision 
enabled by secondary 
ion mass spectroscopy 
endpoint detection

 • 
An atomic layer etch 
system for thinning 
quantum materials  
with atomic precision

 • 
A sputtering system  
for deposition of super-
conducting metals

 • 
Capability to support 
200 mm substrates to 
facilitate collaboration 
with other cleanrooms, 
fostering innovation  
and advancement in 
materials research
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Dr. Giuseppe Maria  
de Peppo
Director of Internal 
Research, Mirimus, Inc.

Wearable Health  
Microchips
Imagine that you wake up one morning some-

time in the future with a tickle in your throat 

and a stuffy nose. Your first thought might be 

a twinge of fear—Maybe it’s something more 

serious than a cold, or a contagious disease! But 

before you call in sick or cancel your evening 

plans, you decide to check. So you cough into 

the band of your smartwatch. Moments later, 

you get your results: negative for COVID-19, 

negative for flu, negative for anything nastier 

than seasonal allergies.

Thanks to a partnership between NYU Tan-

don’s researchers and the Brooklyn biotech 

company Mirimus, what may now seem like 

science fiction is closer than you might think.

This groundbreaking research is led by 

Davood Shahjerdi of NYU WIRELESS;  Elisa 

Riedo, NYU Professor of Chemical and Biomo-

lecular Engineering; and Dr. Giuseppe Maria de 

Peppo, Director of Internal Research at Mirimus, 

Inc., a biotech company making waves in the 

medical testing field. 

Elisa and Davood partnered with Mirimus 

early in 2024. Established in 2010 by co-founder 

and CEO Dr. Prem Premsrirut, Mirimus devel-

oped an affordable and non-invasive testing 

methodology in 2020 to respond to the COVID-

19 pandemic. The test, SalivaClear, was one of 

the winners of the XPRIZE Rapid COVID Test-

ing competition. 

Elisa is particularly well known for her 

pioneering work on thermal scanning probe 

lithography (tSPL), an innovative method 

to nanofabricate devices and materials with 

molecular resolution using a heated “nano-

chisel.” Work in collaboration with Davood and 

Giuseppe showed that tSPL can be used for fab-

ricating state-of-the-art electronic circuits with 

atomically thin materials, as well as sculpting, 

in a biocompatible material, the exact structure 

of bone tissue, with features smaller than the 

size of a single protein—a billion times smaller 

than a meter. 

Davood’s research focuses on the study of 

electronic materials and devices for making 

nano-engineered integrated systems. Previously, 

his research led to a new way of enhancing the 

performance of electrochemical microsensors 

used in biochemistry for the detection of bio-

molecules, such as dopamine, at lower concen-

trations than was previously possible. 

Giuseppe has been working for more 

than a decade in the field of stem cells and 

tissue engineering and was the first to engi-

neer functional bone grafts from skin cells 

via a process referred to as cell reprogram-

ming. Additional work includes the develop-

ment of orthopedic implants and biomaterials, 

the design and validation of bioreactor sys-

tems for lab-on-a-chip applications, and stem  

cell-based therapy.

The team’s unique combination of exper-

tise in nanoelectronics, nanofabrication, and 

biomedical research makes them the ideal trio 

to meet this incredible and exciting challenge. 

This partnership not only could result in a 

small, affordable device that can test for COVID-

19, but could also produce a prototype for an 

electronic microchip that can be embedded in 

your watch or smart band, which is capable of 

monitoring a variety of human health threats. 

Such an important breakthrough would result 

in healthier workplaces and communities, put-

ting you at ease on those days when you wake 

up feeling a bit under the weather. 

What’s in the Air?
In more NanoNews: Davood and Elisa are cur-

rently working on developing sensors to detect 

pathogens in the air. Thanks to their ground-

breaking research, people could soon be alerted 

to potentially deadly airborne threats—includ-

ing pollutants, bacteria, and viruses—in schools, 

buses, and other indoor spaces.

The project is supported by a nearly $1 mil-

lion grant by Lendlease, an international prop-

erty and infrastructure company that develops 

residential communities and mixed-use urban 

districts around the world. The funding will 

provide Davood and Elisa with the resources 

to build the underlying technology and proto-

types of the sensors. 

The NYU engineering researchers aim to 

create a novel technological platform that elec-

tronically detects the presence of airborne 

viruses and other hazards through the use 

Elisa Riedo 
NYU Professor  
of Chemical and  
Biomolecular  
Engineering

Davood Shahrjerdi 
Associate Professor,  
NYU WIRELESS
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of a special microchip that generates a dig-

ital signal when it interacts with an airborne 

threat. Currently, the most reliable and widely 

used methods for detecting viruses rely on 

chemical analysis of physical samples, such 

as the polymerase chain reaction (PCR) test 

for COVID-19. 

Davood and Elisa’s research, along with other 

advancements in electronic virus detection, 

promises to revolutionize the field by offering 

more efficient and accessible methods of virus 

detection. This has far-reaching implications 

for both public health and biodefense. It could, 

for instance, facilitate the instant lockdown of 

buildings upon detection of a dangerous virus, 

or prompt a rapid emergency response to air-

borne biological hazards. 

Their work with Lendlease intersects with 

a project the two started with Mirimus, as pre-

viously reported in this article. “As with Miri-

mus, Lendlease has afforded us an amazing 

opportunity to test the limits of our vision 

on how we can use electronic technology to 

create spaces that are safe and healthy for 

everyone, something particularly pressing 

given what we’ve all endured in recent years,”  

said Davood.

“The Lendlease project is uniquely ambitious 

because of its technical complexity,” added 

Elisa. “The first hurdle is developing electronic 

technology that has the capacity to reliably and 

consistently sense airborne threats. The second 

challenge is making that technology function 

not just when a threat comes into direct con-

tact with a device, but when it’s in the air at a 

distance from the device.”

“Collaborating with Elisa and Davood rep-

resents the boundless possibilities when pri-

vate industry and academia join together 

towards goals that can deliver enormous ben-

efits to people’s lives,” said Tommaso Boralevi, 

Innovation & Technology Director, Lendlease 

Italy. “The COVID-19 pandemic revealed the 

critical need for modernizing buildings with 

advanced technologies that can detect and 

counter novel public health threats in real 

time. This deficiency in present-day build-

ings is largely the reason for reliance on basic 

risk-mitigation strategies in public spaces such 

as mask-wearing and entry passes. A sens-

ing technology that allows sensitive, selective, 

and rapid detection of various public health 

threats is needed for realizing this vision for the  

buildings of the future.” 

Developments in electronic virus detection 

serve as a prime example of NYU Tandon’s focus 

on healthcare advancement, one of its founda-

tional areas of excellence.  

NanoBioX
NanoBioX, or NBX, is 

an initiative at NYU 

designed to provide 

an R&D home for 

disruptive innovations 

powered by collabo-

rations in nanofabrica-

tion, nanoelectronics, 

data science, and bio-

technology designed 

to solve pressing 

societal challenges 

in precision medicine 

and neurotechnolo-

gies, as evidenced by 

the previous articles.  

You can keep current 

by checking the  

website https:// 

nanobiox.nyu.edu.
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Importance of Upper 
Mid-Band Frequencies 
NYU WIRELESS Associate Director Sundeep Rangan  

received one of the first grants awarded by the new  

Public Wireless Supply Chain Innovation Fund, a federal 

CHIPs Act program that supports the development of  

open and interoperable 5G and future-generation  

cellular technologies.

Sundeep’s project was one of only three selected 

by the Biden Administration from among the 

127 proposals received. The $2 million five-year 

award will be overseen by the U.S. Department 

of Commerce’s National Telecommunications 

and Information Administration (NTIA).  

The grant will support NYU WIRELESS’s work 

on optimizing cellular services within the upper 

mid-band 7 to 24 GHz frequency range, known 

as FR3. This range offers more data capacity 

than lower frequencies used in traditional cel-

lular communications and has better coverage 

than higher frequencies capable of transferring 

large amounts of data. 

“FR3 is attracting significant attention from 

wireless carriers as a promising option for 

advanced wireless networks like 5G and 6G,” 

said Sundeep, who leads the project  team. “Our 

research will focus on ways to test and eval-

uate how well cellular services can use FR3 

while adaptively sharing that spectrum with 

existing satellite and radio astronomy systems. 

We will investigate how to make these services 

robust against intentional disruptions caused 

by jammers.”

Along with Sundeep, the project team 

includes Assistant Professor Hamed Rahmani, 

who recently joined NYU WIRELESS as an assis-

tant professor (see page 17); Marco Mezzavilla, 

Associate Professor, Polytechnic of Milan; and 

Arjuna Madanayake, Associate Professor of Elec-

trical and Computer Engineering at Florida Inter-

national University.

The academic partners are joined by Aditya  

Dhananjay, Co-Fouder and President of Pi- 

Radio, an NYU Tandon spin-off company that 

develops advanced software-defined radios for 

research and testing labs. Pi-Radio will develop 

the radio frequency (RF) transceiver board  

for the project.  

Analog Devices (ADI), a global semiconduc-

tor leader and an NYU WIRELESS  Industrial 

Affiliate member, will supply the researchers 

its O-RU reference board, an advanced Radio 

Unit hardware platform that enables testing 

and experimenting with various aspects of 5G 

& 6G radio technology. 

“The NYU WIRELESS team is at the leading 

edge of next-generation wireless research, and 

ADI is pleased to provide important radio tech-

nology and support for this 6G research pro-

gram, said Joe Barry, Vice President, Cloud and 

Sundeep Rangan 
Associate Director,  
NYU WIRELESS

Marco Mezzavilla 
Associate Professor,
Polytechnic of Milan

Hamed Rahmani
Assistant Professor,  
NYU WIRELESS

Arjuna Madanayake
Associate Professor of 
Electrical and Computer 
Engineering, Florida 
International University
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Communications at Analog Devices. “The grant 

funds important work necessary for the indus-

try to understand the challenges of expanding 

into these new FR3 Bands.” 

Launched in 2023, the $1.5 billion Wireless 

Innovation Fund supports the Biden Administra-

tion’s push for open and interoperable wireless 

equipment that it says will help drive competi-

tion, strengthen global supply chain resiliency, 

and lower costs for consumers and network 

operators. According to the Department of Com-

merce, the development of new, open-architec-

ture approaches to wireless networks will help 

to ensure that future wireless equipment is built 

by the U.S. and its global allies and partners, 

not vendors from nations that may threaten 

U.S. national security.

This important work builds on NYU WIRE-

LESS’s extensive expertise in cellular systems, 

with its pioneering track record in the high-fre-

quency millimeter wave bands (mmWave) used 

in 5G cellular networks. NYU WIRELESS has 

played an active role in standards including 

influencing 3rd Generation Partnership Project 

(3GPP) channel models for mmWave. Several 

FCC documents regarding the mmWave spec-

trum cite NYU WIRELESS’s work. The Center 

is currently engaged in the NextG Alliance, an 

initiative to advance North American wireless 

technology leadership over the next decade 

through private-sector-led efforts.

In a separate related project, funded by the 

NYU WIRELESS Industrial Affiliates, Professor 

Ted Rappaport’s group is conducting pioneer-

ing measurements of the spatial and tempo-

ral channel at 6.75 GHz and 16.75 GHz for new 

channel models and penetration loss data for 

emerging 6G FR1C and FR3 spectrum bands. 

The team has worked with Mini-Circuits to cre-

ate a dual-band wideband channel sounder, 

with 1 GHz RF bandwidth. Measurements are 

on-going with early results presented at Ted’s 

keynote address for the WCNC conference in 

Dubai in late April 2024. As with all propaga-

tion measurements, NYU WIRELESS Industrial 

Affiliates will benefit from early access to the 

raw channel data and resulting models. 

Theodore Rappaport 
Founding Director,  
NYU WIRELESS
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Research Aims to  
Make 3D Video  
More Accessible 
A groundbreaking research project spearheaded by  

NYU WIRELESS researchers will bring cutting-edge  

immersive three-dimensional (3D) video to dance  

education, making learning the art form available to a  

greater number of students. More broadly, the research  

will make 3D media readily accessible to mobile users  

in NextG wireless systems.

The project, supported by a $1.2 million four-year 

grant from the National Science Foundation 

(NSF), aims to make Point-Cloud Video (PCV) 

technology suitable for streaming onto standard 

Internet-connected devices. 

Developed over the past decade, PCV is a 

type of highly detailed 3D video that allows 

viewers to “move” within an immersive video 

environment, observing objects and scenes from 

any angle or distance as if they were physically 

present. Unlike traditional video that relies on 

two-dimensional pixels, PCV captures scenes 

as point clouds, collections of data points in 

3D space.

Currently, streaming PCVs requires band-

width and computational power that exceeds 

what is generally available, limiting its real-world 

applications. The NYU WIRELESS team’s project 

addresses those obstacles, reducing bandwidth 

consumption and delivery latency and increas-

ing power consumption efficiency so that PCVs 

can be streamed far more easily. 

“With recent advances in the key enabling 

technologies, we are now on the verge of com-

pleting the puzzle of teleporting holograms 

of real-world humans, creatures, and objects 

through the global Internet,” said Professor Yong 

Liu of NYU WIRELESS, who leads the research 

team that includes NYU WIRELESS Profes-

sor Yao Wang and R. Luke DuBois, an Associ-

ate Professor in the Technology, Culture, and  

Society Department. 

“The success of the proposed research will 

contribute toward wide deployment of high 

quality and robust PCV streaming systems 

that facilitate immersive augmented, virtual, 

and mixed reality experience and create new 

opportunities in many domains, including edu-

cation, business, healthcare, and entertainment,”  

said Yong.

From a technical perspective, beyond 

developing the PCV testbed used specifically 

for dance experimentation, the NYU Tandon 

researchers want the project to make funda-

mental strides in three areas that will advance 

PCV more broadly.

First, they will develop efficient PCV com-

pression using object-based coding schemes, 

hierarchical slicing structures, and advanced 

prediction techniques that enable bitstream 

adaptation based on the predicted viewer’s field 

of view and the network throughput. Second, 

they will create a progressive streaming frame-

work that refines spatial resolution based on 

viewer needs, considering computation-com-

munication trade-offs and low-latency live 

streaming. Finally, they will design edge-based 

caching algorithms, multi-user delivery strate-

gies, and cross-user Field-of-View (FoV) pre-

dictions to enhance PCV streaming efficiency 

and robustness.

To test PCV streaming with human motion, 

Luke’s team has partnered with the Department 

of Dance at NYU Tisch School of the Arts and the 

R. Luke DuBois 
Associate Professor,  
NYU Tandon

Yong Liu 
Professor, NYU WIRELESS

Yao Wang  
Professor, NYU WIRELESS
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Mark Morris Dance Group’s Dance Center, a cul-

tural hub in Brooklyn that serves 1,500 students. 

“Point-Cloud Video holds tremendous poten-

tial to transform a range of industries, and I’m 

excited that the research team at NYU Tan-

don prioritized dance education to reap those 

benefits,” said Jelena Kovačević, Dean of NYU 

Tandon. “NYU encourages cross-disciplinary 

research, and that means bridging engineering 

with new fields. Collaborating with dancers from 

NYU Tisch and Mark Morris makes the innovative 

power of engineering imminently real.”

Dancers from both organizations will per-

form on a volumetric capture stage—a special-

ized production environment for shooting 3D 

video—at NYU Tandon @ The Yard, the school’s 

production and research facility for emerging 

media at the Brooklyn Navy Yard. Their move-

ments will be streamed live and on-demand, 

using the new PCV testbed the researchers 

developed. The goals of NYU Tandon @ The 

Yard include advancing integrative research in 

AR/VR/XR, virtual production, and other areas 

relevant to experiential computing.

“By facilitating the use of emerging technol-

ogies, we are laying the groundwork for greater 

accessibility in the dance and education spaces 

while broadening the creative possibilities for 

artists,” said Allyson Green, Dean of NYU Tisch 

School of the Arts. “As a longtime choreographer, 

performer, and dance educator, I am thrilled 

that our Department of Dance has joined NYU 

Tandon and Mark Morris Dance Group at the 

forefront of this research, and I’m eager to see 

how these advancements modernize the field.”

Students watching the 3D streams will be 

able to observe the dancers from varying angles 

and distances, necessary for learning dance 

techniques and choreography properly. 

“Integrating dance education into our PCV 

research brings to life the real-world benefits of 

this technology, demonstrating how it can open 

doors for people everywhere to learn things 

that previously would have been possible only 

in person,” said Luke. 

Mark Morris Dance Group and the Depart-

ment of Dance at NYU Tisch have recruited stu-

dents and instructors to take part in the project. 

This project builds on NYU Tandon’s advanced 

work to expand the next generation of founda-

tional wireless communications and media pro-

cessing technologies. It will also beneficially 

impact industry collaborations with leaders in 

immersive video and virtual production, includ-

ing Evercoast, Final Pixel, Argus, Epic Games, 

and Walt Disney, bringing research-grade 

emerging technology within reach of media, 

entertainment, and cultural institutions while 

developing technologists to further the field of  

emerging media.  

A dancer on the  A dancer on the  

volumetric capture volumetric capture 

stage at NYU Tandon stage at NYU Tandon 

@ The Yard.@ The Yard.
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2023 Summit Sets  
the Foundation for  
Next Generation  
Wireless and Beyond 
The tenth annual Brooklyn 6G Summit (B6GS) at the  

NYU Tandon School of Engineering offered a sweeping  

perspective of present challenges and future opportunities 

in wireless. Despite a sharp focus on America’s lagging  

status in 5G, participants were optimistic about current 

projects and strategies that will lay the groundwork  

for returning the U.S. to a leadership role in the next  

generation of telecommunications. 

The world’s flagship event for 6G innovation, the 

B6GS is hosted each year by NYU WIRELESS 

and Industrial Affiliate Nokia. The 2023 B6GS, 

which focused on “Creating a Foundation for 

6G,” drew industry leaders from around the 

globe, including the Center’s Founding Director 

Ted Rappaport; Peter Vetter, President of Nokia 

Bell Labs Core Research; and more than fifty 

speakers and panelists across industry, govern-

ment, and academia. 

During a panel held on the Summit’s sec-

ond day, NYU Tandon’s Dean Jelena Kovačević 

touched on how the U.S. can exploit strong 

synergies between academia and industry to 

leapfrog to pole position in 6G. 

Said Dean Kovačević, “One of the reasons we 

are all here is because we all believe in strong 

cooperation … integration between academia 

and industry is key to going anywhere in the 

future generations of wireless. … [Having] bold 

ideas and pushing them to the market and fig-

uring out what the current political climate and 

economic climate allow us to do is really up to 

all of us.” 

The Summit included more than twenty 

demonstrations of cutting-edge tech from indus-

try partners and researchers, with nearly 300 

attendees from around the globe representing 

vendors, academia, operators, regulators, and 

experts from multiple industries—“all helping 

to build the future of the mobile ecosystem,” 

as emcee and IDC analyst Patrick Filkins put it 

during his introductory remarks. 

In his keynote, Nokia’s Peter Vetter discussed 

important trends that will shape technology over 

the next decade and presented an overview of 

Nokia’s recently launched technology strategy, 

“Vision 2030” for 6G around AI. He also dis-

cussed cloud and connectivity and offered an 

exhortation: The wireless community needs to 

work toward a sea change in network architec-

ture to realize higher efficiency and much lower 

latency and address future demands from such 

disruptive technologies as wireless VR. 

Chris Sambar, EVP of Technology at AT&T, 

spoke about the company’s Standalone 5G core 

as well as edge computing, AI, and non-terres-

trial network (e.g., satellite) integration and how 

end-to-end alignment across architectures will 

be vital to making 6G a success. Margaret Mar-

tonosi, Assistant Director for Computer and 

Information Science and Engineering at the 

National Science Foundation, detailed the foun-

dation’s rubric for advanced research funding. 

Ozge Koymen, Senior Director of Technol-

ogy at Qualcomm, an NYU WIRELESS Industrial 

In addition to providing 
an overview of the state 
of 5G, the three-day 
Summit, which kicked off 
on October 31, included 
panels and keynotes 
that addressed pressing 
issues such as:

 •	
Artificial intelligence in 
wireless, including 6G 
as a de facto AI-native 
ecosystem

 •	
Ways of achieving higher 
energy efficiency and 
sustainability goals

 •	
The state of 
standardization

 •	
The talent pipeline in 
both academic and 
industry contexts for 
electrical engineers 
focused on wireless 
careers

 •	
How wireless is  
shaping—and being 
shaped by—IoT in every 
realm, from agriculture 
to medical diagnostics 

 •	
The disruptive potential 
for wireless networks 
of 6G applications 
like robotics and the 
metaverse

NYU Wireless Pulse Summer 2024_g.indd   12NYU Wireless Pulse Summer 2024_g.indd   12 5/14/24   10:33 PM5/14/24   10:33 PM



SUMMER 2024 •  VOL.  1 1 ,  NO.  1  •  NYUWIRELESS.COM   13 

Affiliate, spoke about the company’s research on 

making 5G Advanced and 6G possible, in part 

through efficiency and new spectrum. Mingxi 

Fan, General Manager of System Design at Medi-

atek, Inc., another Industrial Affiliate, discussed 

device-level engineering for 6G. He reviewed the 

mobile device architecture evolution, WAN, and 

proximity connectivity across different types of 

spectrums as well as the convergence of com-

putation and communication, including AI native 

design. Other speakers included Victor Bahl, CTO 

at Microsoft Azure, and Shyam Prabhakar Mar-

dikar, who leads Reliance Jio’s mobile network.

The Summit presented more than half a 

dozen panel discussions exploring vertical appli-

cations and IoT for 6G, as well as examining the 

challenges and opportunities for universities to 

work with industry to advance 6G. 

A panel during the second day of the Summit 

featured engineering school deans who exam-

ined opportunities for academia to step up to 

enterprise-scale innovation ecosystems with 

industry partners. The panel took a hard look 

at the Klondike-like gold rush of students and 

prospective students lured away from electrical 

engineering by what many students perceive 

as more lucrative Silicon Valley opportunities. 

During the Dean’s Panel—with NYU Tan-

don’s Jelena Kovačević; Gregory D. Abowd of 

Northeastern University College of Engineer-

ing; Andrea Goldsmith, Dean of Engineering at 

Princeton University; and moderator Albert P. 

Pisano of the UC San Diego Jacobs School of 

Engineering—Dean Kovačević discussed the 

most effective ways to ensure the best and 

brightest pursue electrical engineering and 

wireless research. 

“Big tech has done a lot to make [computer 

science] interesting and lucrative,” she said. 

“With the understanding that we are behind, 

and with the government making a big invest-

ment, you will see more people coming into 

wireless—into the physical layer. I would add 

that there has to be a concentrated effort on 

all fronts, and government has to lead, includ-

ing by providing funds—the CHIPS Act came 

as the rarest of birds: bipartisan support for a 

major investment.” 

John-Ross Rizzo, M.D., an Associate Direc-

tor at NYU WIRELESS with an appointment 

at NYU Health, par-

ticipated in a panel 

focused on end uses 

for next generation 

wireless and 6G appli-

cations. He was joined 

on the panel by Ben 

Craker of AgGateway; 

Onur Altintas, Fellow at Toyota’s InfoTech Labs; 

Meryem Simsek, Head of Network Architecture 

at Nokia Bell Labs; and Matti Latva-Aho of the 

University of Oulu. The discussion—led by Doug 

“It is heartening to see  
industry and academic centers 
sharing a mutual interest in 
building new opportunities 
together, brick by brick.”
THEODORE RAPPAPORT,  
NYU WIRELESS FOUNDING DIRECTOR

Pictured (l. to r.): Pictured (l. to r.): 

Andrea Goldsmith, Andrea Goldsmith, 

Dean of Engineering at Dean of Engineering at 

Princeton University; Princeton University; 

Jelena Jelena Kovačević,,  

Dean of NYU Tandon Dean of NYU Tandon 

School of Engineering; School of Engineering; 

and Gregory Abowd, and Gregory Abowd, 

Dean of the College Dean of the College 

of Engineering of Engineering 

at Northeastern at Northeastern 

University.University.
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Castor, Head of Wireless Research at InterDig-

ital, another Industrial Affiliate—looked at the 

demand for IoT smart devices and industrial 

applications. J. R., who discussed the medical 

device vertical, cited numerous opportunities 

for 6G-capable wireless. 

“We are hitting an inflection point, moving 

beyond simple interventions to more complex 

ones where we can put the clinician and the 

patient in the loop,” he said, noting new possi-

bilities for wirelessly connected devices in the 

realm of diagnostics. “I’m excited about the 

possibilities of multiple vantage points in an 

environment—getting sensor feeds from IoT 

and capitalizing on the diagnostic opportuni-

ties. Not just for quality of service but for quality 

of experience: Can I take this input and project 

it into the ER; can I make it available to clini-

cians and can it be valuable enough to support 

remote healthcare?” 

Other panels delved into next-generation 

wireless and the implications and risks of glo-

balization; 6G and the regulatory landscape, 

with an eye to the FCC’s opening of additional 

licensed and unlicensed spectrum for flexible 

use; how 6G will intersect with the advance of 

the metaverse, which included speakers from 

NVIDIA; how to collaborate toward protocol 

standardization within the complex framework 

of multiple organizations; and cloud native archi-

tecture and 6G with a focus on the 6G-life proj-

ect from TU Dresden and TU Munich. 

Ted Rappaport commented, “Though 6G may 

be a decade down the road—and 5G even today 

is hitting a few speed bumps—it is heartening 

to see industry and academic centers sharing 

a mutual interest in building new opportunities 

together, brick by brick. After all,” he added, 

“it’s because of NYU WIRELESS’s partnerships 

with companies like Nokia that we are able to 

perform the seminal work we do, be it opening 

the doors to hitherto unexplored regions of the 

spectrum such as the sub-THz realms; unveiling 

new ways of leveraging AI to make radio vastly 

more efficient, sustainable, and seamless for the 

user; or developing new consumer and enter-

prise technologies that presage 6G wireless. All 

of which would be inconceivable had we not 

worked to lower silos between areas of exper-

tise within our own institution, while encourag-

ing partnerships with industry, the government, 

and others.”  

This year’s Brooklyn  
6G Summit will be held 
October 23–25, 2024.  
To learn more, visit 
B6GS.com.

Pictured (l. to r.): Pictured (l. to r.): 

NYU WIRELESS NYU WIRELESS 

Founding Director  Founding Director  

Ted Rappaport and Ted Rappaport and 

industry visionaries industry visionaries 

Neera and Raj Singh, Neera and Raj Singh, 

who received  who received  

the Wireless  the Wireless  

Pioneer Award.Pioneer Award.
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New Metric for Evaluating 
Power Efficiency 
Those who are concerned about power-efficient design  

in circuits, systems, data centers, power electronics,  

communications, and green engineering—basically,  

in any type of cascade—will find Waste Figure to be  

a powerful and convenient analysis tool. 

A recent paper by NYU WIRELESS Founding 

Director Ted Rappaport and Ph.D. students 

Mingjun Ying, Dipankar Shakya, and Hitesh 

Poddar (now with Sharp Labs) discussed this 

timely topic.

Wireless communications systems currently 

account for 2% of the world’s energy consump-

tion. Forecasts project this number will increase 

20% by the end of 2030, with 6G networks being 

a significant contributor. This anticipated leap, 

characterized by ultra-wide bandwidths and 

elevated data rates, compounds the dilemma 

of energy oversight. This energy imperative 

becomes even more accentuated for Internet 

of Things (IoT) devices, which are known for 

their operation within stringent resource param-

eters. The global initiative to curb greenhouse 

gas emissions and mitigate climate change 

further accentuates the urgency to innovate 

energy-efficient solutions, particularly within  

wireless networks.

Waste Factor (W) or Waste Figure (W in 

dB) is a practical tool used for understanding 

the energy efficiency in communication net-

works. It was inspired by H. T. Friis’s Noise Factor, 

first described in 1944. W provides a tangible 

means to measure power efficiency in cascaded 

communication systems. The recent NYU study 

used the established Power Usage Effectiveness 

(PUE) metric, commonly used in data centers, 

to expand the practical applications of W to 

better evaluate the power efficiency of data 

centers. Simulations focused on the impact of 

cell radius, carrier frequency, system bandwidth, 

and component efficiency in communication 

systems, providing concrete insights into real-

world energy efficiency scenarios. 

In the past, advancements in massive MIMO, 

network slicing, renewable energy-powered 

base stations, and energy harvesting technolo-

gies have significantly contributed to reducing 

energy consumption in 5G networks. Further-

more, artificial intelligence (AI) and machine 

learning (ML) techniques, including reinforce-

ment learning, may be instrumental in main-

taining a balance between quality of service 

and energy consumption. Despite these strides, 

there remains a lack of a comprehensive the-

oretical framework to measure and compare 

power efficiency across diverse wireless system 

architectures. W and Consumption Efficiency 

Factor (CEF) aim to fill this gap. By providing a 

standardized metric for comparing power con-

sumption and energy efficiency across various 

system designs, W and CEF can guide engineers 

and product designers toward more sustain-

able and energy-efficient solutions and towards 

minimal power consumption in future wireless 

network design, particularly those operating at 

sub-THz frequencies.

You can learn more about this important 

metric at https://arxiv.org/abs/2309.01018.  

Mingjun Ying 
Ph.D. Student,  
NYU WIRELESS

Dipankar Shakya 
Ph.D. Student, 
NYU WIRELESS

Hitesh Poddar
Sharp Labs

Theodore Rappaport 
Founding Director,  
NYU WIRELESS
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Launching Summer Internships
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NYU WIRELESS Ph.D. students have stellar opportunities each summer to work with our Industrial Affiliate Members 

on a variety of projects that can help boost them into career orbit. During our Open House every January, our students  

connect with Affiliates to see which positions would be a good fit. Pictured here is a sampling of students who have 

internships that will surely help them reach new heights.
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SAVE THE DATES 

NYU WIRELESS Board Meeting
The NYU WIRELESS Board Meeting will be held on October 23, 2024. 

NYU WIRELESS Workshop
The NYU WIRELESS Workshop will be held June 13 & 14, 2024, on the  

NYU Tandon School of Engineering campus. An invitation-only event, the Workshop  
brings together the foremost wireless researchers for a free exchange of ideas. 

Brooklyn 6G Summit
The annual Brooklyn 6G Summit will take place on the NYU Tandon School of Engineering  

campus on October 23-25, 2024. We are excited to announce that this year’s Summit  
will feature an NYU WIRELESS Summit Open House and lab tours for all attendees.  

Please visit b6gs.com for more information.

Welcome Hamed!
We’re pleased to welcome Hamed Rahmani to 

NYU WIRELESS as the newest Assistant Professor in  

the Electrical and Computing Engineering Department  

at NYU Tandon School of Engineering. 

Hamed is leading the Research in Advanced 

Integrated Systems and Electronics Laboratory 

(RAISE Lab). His research interests include inte-

grated circuits and systems for intelligent sens-

ing and communication in emerging applications, 

with specific focus on RF/mmWave and THz cir-

cuits, applied electromagnetics, and low-power 

integrated sensors and systems for biomedical 

and Internet of Things (IoT) applications.

Before joining NYU Tandon, he held mul-

tiple positions in industry and research. As a 

research scientist, he contributed to high-speed 

electrical/optical interconnects at IBM T. J. Wat-

son Research Center in Yorktown Heights. He 

has served as an Adjunct Professor at Colum-

bia University in New York, NY, and as a visit-

ing lecturer at Princeton University, where he 

taught graduate-level courses in analog and RF 

circuit design. Additionally, he was a senior RFIC 

design engineer at Qualcomm Inc., focusing 

on advanced 5G transmitters for cellular appli-

cations and RF front-end designs. He earned 

his Ph.D. from the University of California, Los 

Angeles, his M.Sc. from Rice University, and his 

B.Sc. in Electrical Engineering from the Sharif 

University of Technology in Tehran.

Hamed has been honored with several pres-

tigious awards and fellowships, including the 

IEEE MTT-S Graduate Fellowship for medical 

applications and the Texas Instruments Distin-

guished Fellowship. He played a pivotal role 

on the technical committee for the Interna-

tional Microwave Symposium in 2022. He is a 

member of the “MTT-26: RFID, Wireless Sensors 

and IoT” and an affiliate member of the “MTT-

25: Wireless Power Transfer and Energy Con-

version” technical committees within the IEEE 

Microwave Theory and Techniques Society. 
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January 2024  
Open House
NYU WIRELESS hosted an impressive group of Industrial 

Affiliate Members at the Open House, held January 26. 

In addition to updates from NYU WIRELESS 

Associate Director Sundeep Rangan on his 

recent grant awards (see page 8), Assistant 

Professor Hamed Rahmani (see page 17) pre-

sented an overview of his upcoming research 

activities. Attendees had the opportunity to 

view posters created by students to highlight 

their latest research. Year after year, the Open 

House has proven an ideal way for Industrial 

Affiliate Members to get to know our amazing 

students and their work in anticipation of sum-

mer internship openings and full-time positions. 
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Women
in 6G
NYU WIRELESS is proud  

to be “home” for women  

who excel in wireless  

research. 

Institute Professor Elza Erkip and Associate 

Professor Marwa Chafii were both recently 

named to the 2024 list of “100 Brilliant and 

Inspiring Women in 6G.” The list was originally 

compiled and announced by the “Women in 

6G” community founded by Pavithra Nagaraj, 

an independent researcher from India working 

on 6G and AI. The group’s mission is to elimi-

nate the gender gap and increase diversity in 

telecommunications. The extraordinary minds 

included on this list are leading the way for 

other women by serving as mentors, offering 

educational and networking opportunities, and 

actively working to ensure that their female col-

leagues benefit from the path they have forged. 

We are honored that Elza and Marwa are part 

of the Center. To learn more about Women in 

6G or to see a full list of 2024 honorees, visit 

womenin6g.org/spotlight.  

Elza Erkip 
Institute Professor,  
NYU WIRELESS

Marwa Chafii 
Associate Professor,  
NYU WIRELESS
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5G and 6G Applications
A. Zarei, S. F. Atashzar, W. Jensen, A. 

F. Jadidi, and R. Lontis, "Simultaneous 

Modulation of Cortical Activity and 

Phantom Pain in a Patient with Brachial 

Plexus Injury" 2023 11th International 

IEEE/EMBS Conference on Neural 

Engineering (NER), Baltimore, MD, 

USA, 2023, pp. 1-4, doi: 10.1109/

NER52421.2023.10123824. 

A. Boldini, J. R. Rizzo and M. Porfiri, 

"Macro-Fiber Composite-Based Tactors 

for Haptic Applications" in IEEE 

Transactions on Haptics, vol. 16, no. 3, 

pp. 436-448, 1 July-Sept. 2023, doi: 

10.1109/TOH.2023.3308789.

A. Dionigi, M. Leomanni, A. Saviolo, G. 

Loianno, and G. Costante, "Exploring 

Deep Reinforcement Learning for 

Robust Target Tracking Using Micro 

Aerial Vehicles" 2023 21st International 

Conference on Advanced Robotics 

(ICAR), Abu Dhabi, United Arab 

Emirates, Dec. 2023, pp. 506-513, doi: 

10.1109/ICAR58858.2023.10407017.

A. Giuliani, R. Nikbakht, G. Geraci, 

S. Kang, A. Lozano, and S. Rangan, 

"Spatially Consistent Air-to-Ground 

Channel Modeling via Generative 

Neural Networks" in IEEE Wireless 

Communications Letters, Feb. 2024, 

doi: 10.1109/LWC.2024.3363653.

A. Lozano and S. Rangan, "Spectral 

vs Energy Efficiency in 6 G: Impact of 

the Receiver Front-End" in IEEE BITS 

the Information Theory Magazine, Oct. 

2023 doi: 10.1109/MBITS.2023.3322975.

A. Saviolo, J. Frey, A. Rathod, M. Diehl, 

and G. Loianno, "Active Learning 

of Discrete-Time Dynamics for 

Uncertainty-Aware Model Predictive 

Control" in IEEE Transactions on 

Robotics, vol. 40, pp. 1273-1291, Dec. 

2023, doi: 10.1109/TRO.2023.3339543.

Annaswamy, T. M., Cunniff, K., Rizzo, J. 

R., Naeimi, T., Kumbhare, D., & Batavia, 

M., "Methodological issues relevant 

to blinding in physical medicine and 

rehabilitation research" in American 

Journal of Physical Medicine & 

Rehabilitation, Jul. 2023.

Azar, G. A., Emami, M., Fletcher, A., & 

Rangan, S., "Estimation of embedding 

vectors in high dimensions" in arXiv.

org, Dec. 2023, https://arxiv.org/

abs/2312.07802.

Azar, G. A., Hu, Q., Emami, M., 

Fletcher, A., Rangan, S., & Atashzar, 

S. F., "A deep learning sequential 

decoder for transient High-Density 

electromyography in hand gesture 

recognition using Subject-Embedded 

Transfer learning" in arXiv.org, Sept. 

2023, https://arxiv.org/abs/2310.03752.

Azzino, T., Mezzavilla, M., Rangan, S., 

Wang, Y., & Rizzo, J., "5G Edge Vision: 

Wearable Assistive Technology for 

People with Blindness and Low Vision" 

in arXiv.org, Nov. 2023, https://arxiv.

org/abs/2311.13939.

Becker, E., Pandit, P., Rangan, S., & 

Fletcher, A. K., " Local convergence of 

gradient Descent-Ascent for training 

generative adversarial networks" in 

arXiv.org, May 2023, https://arxiv.org/

abs/2305.08277.

Beheshti, M., Naeimi, T., Hudson, T.E. 

et al., "A Smart Service System for 

Spatial Intelligence and Onboard 

Navigation for Individuals with Visual 

Impairment (VIS4ION Thailand): study 

protocol of a randomized controlled 

trial of visually impaired students at the 

Ratchasuda College, Thailand", Trials 

24, 169 (2023). https://doi.org/10.1186/

s13063-023-07173-8.

Canil, M., Pegoraro, J., Lacruz, 

J. O., Mezzavilla, M., Rossi, M., 

Widmer, J., & Rangan, S., "An 

Experimental Prototype for Multistatic 

Asynchronous ISAC" in ACM Digital 

Library, Nov. 2023, https://doi.

org/10.1145/3628357.3629710.

Castillo, C., Atashzar, S. F., & 

Vaidyanathan, R., "3D muscle 

networks based on vibrational 

mechanomyography" in Journal of 

Neural Engineering, Nov. 2023, https://

doi.org/10.1088/1741-2552/ad017c.

Chen, T., Maddala, P., Skrimponis, P., 

Kolodziejski, J., Adhikari, A., Hu, H., 

Gao, Z., Paidimarri, A., Valdes-Garcia, 

A., Lee, M., Rangan, S., Zussman, G., & 

Seskar, I., "Open-access millimeter-

wave software-defined radios in the 

PAWR COSMOS testbed: Design, 

deployment, and experimentation" in 

Computer Networks, Jul. 2023, https://

doi.org/10.1016/j.comnet.2023.109922.

E. P. Herrera-Alarcón, G. Baris, M. 

Satler, C. A. Avizzano and G. Loianno, 

"Learning Heuristics for Efficient 

Environment Exploration Using 

Graph Neural Networks" 2023 21st 

International Conference on Advanced 

Robotics (ICAR), Abu Dhabi, United 

Arab Emirates, 2023, pp. 86-93, doi: 

10.1109/ICAR58858.2023.10406720.

Eschmann, J., Albani, D., & Loianno, 

G., "Learning to fly in seconds" in 

arXiv.org, Nov. 2023, https://arxiv.org/

abs/2311.13081

Eschmann, J., Albani, D., & Loianno, 

G., "RLTools: a fast, portable deep 

reinforcement learning library for 

continuous control" in arXiv.org, https://

arxiv.org/abs/2306.03530.

F. Bertoncelli, V. Radhakrishnan, M. 

Catellani, G. Loianno and L. Sabattini, 

"Directed Graph Topology Preservation 

in Multi-Robot Systems With Limited 

Field of View Using Control Barrier 

Functions" in IEEE Access, vol. 12, 

pp. 9682-9690, 2024, doi: 10.1109/

ACCESS.2024.3352131.
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F. Crocetti, J. Mao, A. Saviolo, G. 

Costante, and G. Loianno, "GaPT: 

Gaussian Process Toolkit for Online 

Regression with Application to 

Learning Quadrotor Dynamics" 

2023 IEEE International Conference 

on Robotics and Automation 

(ICRA), London, United Kingdom, 

2023, pp. 11308-11314, doi: 10.1109/

ICRA48891.2023.10160726.

G. Hamilton-Fletcher et al., "Accuracy 

and Usability of Smartphone-Based 

Distance Estimation Approaches 

for Visual Assistive Technology 

Development" in IEEE Open Journal of 

Engineering in Medicine and Biology, 

vol. 5, pp. 54-58, 2024, doi: 10.1109/

OJEMB.2024.3358562.

G. Li and G. Loianno, "Nonlinear Model 

Predictive Control for Cooperative 

Transportation and Manipulation 

of Cable Suspended Payloads with 

Multiple Quadrotors" 2023 IEEE/RSJ 

International Conference on Intelligent 

Robots and Systems (IROS), Detroit, MI, 

USA, 2023, pp. 5034-5041, doi: 10.1109/

IROS55552.2023.10341785.

G. Li, X. Liu, and G. Loianno, "RotorTM: 

A Flexible Simulator for Aerial 

Transportation and Manipulation" in 

IEEE Transactions on Robotics, vol. 

40, pp. 831-850, 2024, doi: 10.1109/

TRO.2023.3336320.

Han, Y. H., Beheshti, M., Jones, B. A., 

Hudson, T. E., Seiple, W., & Rizzo, J.R., 

"Wearables for persons with blindness 

and low vision: form factor matters" in 

Assistive Technology, May 2023, pp. 

60–63. https://doi.org/10.1080/104004

35.2023.2205490.

Hao, Y., Yang, F., Huang, H., Yuan, S., 

Rangan, S., Rizzo, J., Wang, Y., &  

Fang, Y., "VisPercep: A Vision-

Language Approach to Enhance Visual 

Perception for People with Blindness 

and Low Vision" in arXiv.org, Oct. 2023, 

https://arxiv.org/abs/2310.20225.

Hreha, K., Singsomphone, L., 

Kaldenberg, J., Fielder, J., Watters, 

K., Weden, K., Rizzo, J. R., Roberts, 

P., Wertheimer, J., & Chen, P., "Spatial 

Neglect is Not a Visual Field Defect: 

A Guide for Clinicians" in Archives of 

Physical Medicine and Rehabilitation, 

Aug. 2023, pp. 621–626. https://doi.

org/10.1016/j.apmr.2023.04.031.

Hu, Q., Azar, G. A., Fletcher, A., Rangan, 

S., & Atashzar, S. F., "VIT-MDHGR: 

Cross-day reliability and agility in 

dynamic hand gesture prediction via 

HD-SEMG signal decoding" in arXiv.

org, Sept. 2023, https://arxiv.org/

abs/2309.12602.

J. Feng, M. Beheshti, M. Philipson, 

Y. Ramsaywack, M. Porfiri, and J.R. 

Rizzo, "Commute Booster: A Mobile 

Application for First/Last Mile and 

Middle Mile Navigation Support for 

People With Blindness and Low 

Vision" in IEEE Journal of Translational 

Engineering in Health and Medicine, 

vol. 11, pp. 523-535, 2023, doi: 10.1109/

JTEHM.2023.3293450.

J. Kashiwakura, P. G. Sagastegui Alva, I. 

M. Guerra, C. Bona, S. F. Atashzar, and 

D. Farina, "Task-Oriented Design of a 

Multi-Degree of Freedom Upper Limb 

Prosthesis With Integrated Myocontrol 

and Sensory Feedback" in IEEE 

Transactions on Medical Robotics and 

Bionics, vol. 5, no. 4, pp. 1067-1081, Nov. 

2023, doi: 10.1109/TMRB.2023.3310717.

J. Libby et al., "What Happens When 

Pneu-Net Soft Robotic Actuators 

Get Fatigued?" in 2023 International 

Symposium on Medical Robotics 

(ISMR), Atlanta, GA, USA, 2023, pp. 1-6, 

doi: 10.1109/ISMR57123.2023.10130227. 

J. Mao, S. Nogar, C. M. Kroninger, and 

G. Loianno, "Robust Active Visual 

Perching With Quadrotors on Inclined 

Surfaces" in IEEE Transactions on 

Robotics, vol. 39, no. 3, pp. 1836-

1852, June 2023, doi: 10.1109/

TRO.2023.3238911.

J. Pegoraro et al., "JUMP: Joint 

communication and sensing with 

Unsynchronized transceivers Made 

Practical" in IEEE Transactions on 

Wireless Communications, doi: 10.1109/

TWC.2024.3365853.

J. Xiao, D. Tortei, E. Roura, and G. 

Loianno, "Long-Range UAV Thermal 

Geo-Localization with Satellite Imagery" 

in 2023 IEEE/RSJ International 

Conference on Intelligent Robots 

and Systems (IROS), Detroit, MI, USA, 

2023, pp. 5820-5827, doi: 10.1109/

IROS55552.2023.10342068.

J. Yeom, G. Li, and G. Loianno, 

"Geometric Fault-Tolerant Control of 

Quadrotors in Case of Rotor Failures: 

An Attitude Based Comparative 

Study" in 2023 IEEE/RSJ International 

Conference on Intelligent Robots 

and Systems (IROS), Detroit, MI, USA, 

2023, pp. 4974-4980, doi: 10.1109/

IROS55552.2023.10341669.

K. Pfeiffer et al., "Path Planning Under 

Uncertainty to Localize mmWave 

Sources" in 2023 IEEE International 

Conference on Robotics and 

Automation (ICRA), London, United 

Kingdom, 2023, pp. 3461-3467, doi: 

10.1109/ICRA48891.2023.10160524. 

Kang, S. K., Mezzavilla, M., Rangan, 

S., Madanayake, A., Venkatakrishnan, 

S. B., Hellbourg, G., Ghosh, M., 

Rahmani, H., & Dhananjay, A., "Cellular 

wireless networks in the Upper 

Mid-Band" in IEEE Open Journal 

of the Communications Society, 

Sept. 2023, https://doi.org/10.1109/

ojcoms.2024.3373368.

Kang, S., Geraci, G., Mezzavilla, M., 

& Rangan, S., "Terrestrial-Satellite 

Spectrum Sharing in the Upper Mid-

Band with Interference Nulling" in 

arXiv.org, Nov. 2023, https://arxiv.org/

abs/2311.12965.

M. Goarin and G. Loianno, "Graph 

Neural Network for Decentralized 

Multi-Robot Goal Assignment" in IEEE 

Robotics and Automation Letters, vol. 

9, no. 5, pp. 4051-4058, May 2024, doi: 

10.1109/LRA.2024.3371254.

M. Mezzavilla, T. Azzino, S. Rangan, P. 

Krishnamurthy, R. Karri, and F. Korrami, 

"Detecting O-RAN Synchronization 

Attacks via 5G NR Positioning" in  

WS25 ICC 2024 Workshop -  

NextG-WiSec, 2024.
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M. Montazerin, E. Rahimian, F. 

Naderkhani, S. F. Atashzar, H. 

Alinejad-Rokny, and A. Mohammadi, 

"HYDRA-HGR: A Hybrid Transformer-

Based Architecture for Fusion of 

Macroscopic and Microscopic Neural 

Drive Information" in ICASSP 2023 - 

2023 IEEE International Conference 

on Acoustics, Speech and Signal 

Processing (ICASSP), Rhodes Island, 

Greece, 2023, pp. 1-5, doi: 10.1109/

ICASSP49357.2023.10096192. 

Mao, J., Yeom, J., Nair, S., & Loianno, 

G., "From propeller damage estimation 

and adaptation to fault tolerant control: 

enhancing Quadrotor resilience" in 

arXiv.org, Oct. 2023, https://arxiv.org/

abs/2310.13091.

Mehrdad, S., & Atashzar, S. F., 

"FiMReSt: Finite Mixture of Multivariate 

Regulated Skew-t Kernels -- A Flexible 

Probabilistic Model for Multi-Clustered 

Data with Asymmetrically-Scattered 

Non-Gaussian Kernels" in arXiv.org, May 

2023, https://arxiv.org/abs/2305.09071.

Montazerin, M., Rahimian, E., 

Naderkhani, F., Atashzar, S. F., 

Yanushkevich, S., & Mohammadi, A., 

"Transformer-based hand gesture 

recognition from instantaneous to 

fused neural decomposition of high-

density EMG signals" in Scientific 

Reports, Jul. 2023, https://doi.

org/10.1038/s41598-023-36490-w.

Morando, L., & Loianno, G., "Spatial 

Assisted Human-Drone Collaborative 

Navigation and Interaction through 

Immersive Mixed Reality" in arXiv.

org, Feb. 2024, https://arxiv.org/

abs/2402.04070.

N. Feizi, S. F. Atashzar, M. R. Kermani, 

and R. V. Patel, "Design and Modeling 

of a Smart Torque-Adjustable Rotary 

Electroadhesive Clutch for Application 

in Human–Robot Interaction" in IEEE/

ASME Transactions on Mechatronics, 

vol. 28, no. 5, pp. 2738-2748, Oct. 2023, 

doi: 10.1109/TMECH.2023.3259926.

N. Feizi, Z. Bahrami, S. F. Atashzar, M. 

R. Kermani, and R. V. Patel, "Design 

Optimization and Data-driven Shallow 

Learning for Dynamic Modeling of a 

Smart Segmented Electroadhesive 

Clutch" in 2023 IEEE International 

Conference on Robotics and 

Automation (ICRA), London, United 

Kingdom, 2023, pp. 9903-9909, doi: 

10.1109/ICRA48891.2023.10161225. 

R. G. Goswami et al., "Efficient Real-

Time Localization in Prior Indoor 

Maps Using Semantic SLAM" in 2023 

9th International Conference on 

Automation, Robotics and Applications 

(ICARA), Abu Dhabi, United Arab 

Emirates, 2023, pp. 299-303, doi: 

10.1109/ICARA56516.2023.10125919. 

R. O'Keeffe et al., "Linear versus 

Nonlinear Muscle Networks: A Case 

Study to Decode Hidden Synergistic 

Patterns During Dynamic Lower-

limb Tasks" in 2023 11th International 

IEEE/EMBS Conference on Neural 

Engineering (NER), Baltimore, MD, 

USA, 2023, pp. 01-05, doi: 10.1109/

NER52421.2023.10123899.

Ricci, F. S., Boldini, A., Ma, X., Beheshti, 

M., Geruschat, D. R., Seiple, W., Rizzo, 

J. R., & Porfiri, M., "Virtual reality as a 

means to explore assistive technologies 

for the visually impaired" in PLOS 

Digital Health, Jun. 2023, https://doi.

org/10.1371/journal.pdig.0000275.

Ricci, F. S., Boldini, A., Rizzo, J.R.,  

& Porfiri, M., "A multiplayer virtual 

reality platform to evaluate electronic 

travel aid performance for persons 

with blindness and low vision" in Spie 

Digital Library, Apr. 2023, https://doi.

org/10.1117/12.2658453.

S. Dutta, A. Khalili, E. Erkip, and 

S. Rangan, "Capacity Bounds and 

Spectral Constraints for Transceivers 

With Finite Resolution Quantizers" in 

IEEE Transactions on Communications, 

Oct. 2023, vol. 71, no. 10, pp. 5756-5768, 

doi: 10.1109/TCOMM.2023.3294960.

S. H. A. Shah and S. Rangan, "LSTM-

Aided Selective Beam Tracking in Multi-

Cell Scenario for mmWave Wireless 

Systems" in IEEE Transactions on 

Wireless Communications, Feb. 2024, 

vol. 23, no. 2, pp. 890-907, doi: 10.1109/

TWC.2023.3283267.

S. Kang et al., "Cellular Wireless 

Networks in the Upper Mid-

Band" in IEEE Open Journal of the 

Communications Society, Mar. 2023, 

doi: 10.1109/OJCOMS.2024.3373368.

S. Kumar et al., "CogniDaVinci: Towards 

Estimating Mental Workload Modulated 

by Visual Delays During Telerobotic 

Surgery - An EEG-based Analysis" in 

2023 IEEE International Conference 

on Robotics and Automation 

(ICRA), London, United Kingdom, 

2023, pp. 6789-6794, doi: 10.1109/

ICRA48891.2023.10161007. 

S. M. Li Gioi, G. Loianno, and F. Cordella, 

"Robust Upper Limb Kinematic 

Reconstruction Using a RGB-D Camera" 

in IEEE Robotics and Automation 

Letters, Apr. 2024, vol. 9, no. 4, pp. 

3831-3837, doi: 10.1109/LRA.2024.

Saviolo, A., & Loianno, G., "Learning 

quadrotor dynamics for precise, safe, 

and agile flight control", in Annual 

Reviews in Control, pp. 45–60, 

Mar. 2023, https://doi.org/10.1016/j.

arcontrol.2023.03.009.

Saviolo, A., Rao, P., Radhakrishnan, 

V., Xiao, J., & Loianno, G., "Unifying 

Foundation Models with Quadrotor 

Control for Visual Tracking Beyond 

Object Categories" in arXiv.org, Oct. 

2023, https://arxiv.org/abs/2310.04781.

Secchiero, M., Bobbili, N., Zhou, Y., 

& Loianno, G., " Visual environment 

assessment for safe Autonomous 

quadrotor landing" in arXiv.org, Nov. 

2023, https://arxiv.org/abs/2311.10065.

Seth, G., Zhong, V., Franck, L., Perr, 

A., Rizzo, J. R., & Hurst, A., "Exploring 

Roundabout Navigation Training 

with 3D-Printed Tactile Maps" in ACM 

Digital Library, Oct. 2023, https://doi.

org/10.1145/3597638.3614485.
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T. Sankarnarayanan et al., "Training AI 

to Recognize Objects of Interest to 

the Blind and Low Vision Community" 

in 2023 45th Annual International 

Conference of the IEEE Engineering in 

Medicine & Biology Society (EMBC), 

Sydney, Australia, 2023, pp. 1-4, doi: 

10.1109/EMBC40787.2023.10340454.

Tyacke, E., Gupta, K., Patel, J., Katoch, 

R., & Atashzar, S. F., "From Unstable 

contacts to stable control: A Deep 

learning paradigm for HD-SEMG in 

Neurorobotics" in arXiv.org, Sept. 2023, 

https://arxiv.org/abs/2309.11086.

X. Zhou, P. Paik, and S. F. Atashzar, 

"Harnessing the Power of Human 
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Domain: A 3D Passivity Index Map for 

Upper Limb Physical Human-(Tele) 

Robot Interaction" in 2023 IEEE/RSJ 

International Conference on Intelligent 

Robots and Systems (IROS), Detroit, MI, 
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X. Zhou, P. Paik, R. O'Keeffe, and S. F. 

Atashzar, "Interday Reliability of Upper-
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Geo-localization with Self-supervised 
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