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COSMOS: Project Vision (1)

* Wireless speeds are on a faster-

than-Moore’s law curve..... 10 Gbps , , ,
) ) Evolution of Wireless Services Next-Gen
* Services now evolving from 1 Gbps st i (56 8 beyond)
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COSMOS: Project Vision (2)

* Latency and compute power are

Compute (GIPS/user)

the two new dimensions for - |
characterizing wireless access formexten
research 80
e Latency for 4G cellular > 50 ms, | -
while targets for 5G are <10 ms T
* Edge computing is the other wms | 0 o —
important dimension for enabling = R
real-time services ) ey e
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e COSMOS will enable researchers
to investigate ultra-high speed
~Gbps, low latency <5ms, + edge
computing ~10-100 GIPS

©

©COSMOS N—
) IN THE CITY OF NEW YORK NYU of New York



COSMOS: Project Vision (3)

. A d Reall
Ultra-high BW, low latency and e o

powerful edge computing will
enable important new classes of
real time applications

Application domains include AR, Smart City + Connected Car
. Image/ 1= Cloud

VR, conn r, smart ci Video cacside 1B 6ot
, connected car, smart city \’ roassie IS s

(with high-bandwidth sensing),
industrial control, ...
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Roadway sensors & lighting

In-car guidance display
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COSMOS: Project Vision (4)
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Link NYC NYC 5G Trials

NYC location enables experiments and stress
testing at scales and conditions that are years
ahead of other cities
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COSMOS: System Architecture

COSMOS architecture has been
developed to realize ultra-high
BW, IOW Iatency and tightly General Purpose Experiment Control =H Testbed Experiment

Cloud (Compute & S Control Center
Back-Haul Network) @] < B0

coupled edge computing crofarumren

1 . adio Cloud = plication & Protocol
Key design challenge: Gbps compediodowd = & == Hfgmmmm
performance + full Network resoureg : , S e

programmability at the radio level cuicpuren B

DR computation, Protocol level processing

Radio Hardware &
Front-Haul Network

Developed a fully programmable Resources
multi-layered (i.e. radio, network ——
and cloud) system architecture for  userpevices

flexible experimentation

Key Technologies going into COSMOS:
Software Defined Radio (SDR)
mmMWave Radio
Software Defined Network (SDN)
Optical X-haul Network
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* Harlem
* Area: ~1sq. mile
* ~9 Large Sites

* Fiber optic connection from most sites
e ~200 Small nodes
— Including vehicular and hand-held
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Fiber connection to NYU Data Center,
Rutgers, GENI/I2

Interaction with smart community &
innovation initiatives (Gigabit center)
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Deployment:

Large node: rooftop deployments
with numberof antennasand edge
cloud

Medium node: street-level devices
dual use with wireless/wired




COSMOS Network
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Programmable Topologies

~N CC @Columbia ‘

6 Fiber Pairs
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Programmable Topologies
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Programmable Topologies
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PON
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Long Reach PON

— CC @Columbla

1 km
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WDM PON
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MidHaul Network

CC @Columbia

\_CC @NYU -32 AoA /

o,

&2 COLUMBIA UNIVERSITY 3 The City College
9COSMOS Rutaers @ [E T ol

NYU

@




Converged mmWave/Fiber Transmission

Fixed Wireless Link Fixed Wireless Link
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mmWave Analog RoF

37-GHz receiver utilized as mobile termnial

———————————
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Lé | (X \\ ' & ROF receiver
15 GHz | « |
| e A T ___ 300-GHz IF E/O
| 4-ch PPG Single carrier I 300-GHz for short-/middle-range backhaul

—————————————————————— 4 O/E converters

e Ultra-low latency, simple radio head
— No digitization until data center

e COSMOS: Sub-6 GHz, plus select routes to 40 GHz

— Can mix down from higher frequencies

(Figure courtesy of A. Kanno, NICT)

©COSMOS RUTGERS % Cormma unvensiry  [g ) i
) IN THE CITY OF NEW YORK of New York jc

NYU

©



Connected Projects

* Significant ongoing local tech-projects that:

— Will act as a base for the COSMOS testbed deployment
— Will benefit from the testbed once it is deployed

* Gigabit Center
— Education & community resource center—& COSMOS node
S&CC, DoT/DoEd/DoE projects from user community Harlem Hospital

New America project: resilient mesh
network in East Harlem

135th St. Smart City Corridor
And building...
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Partnerships and Users

67 Partners: Industry, Tech and Venture partners shown, Government Local, City and

State, Community Boards, School Districts, Local Community and experimenters from the
research community

Plus advancedwireless.org PAWR consortium
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