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| Radio i Microwave Infrared q VisibleI Ultraviolet i X-Ray , Gamma-Ray |
3 ¥ ImmWave‘TerahertzI ¥ i i i 1
Wavelength  10°m 1m 10mm 1mm 0.1 mm 700 nm 400 nm 10 nm 0.01 nm

Radiation Type Wﬁ

Frequency 3Hz 300MHz 30GHz 300GHz 3THz 430 THz 790 THz 30 PHz 30 EHz

Sample
Application
Broadcast Tikeareid o , -
Radio and Cellphone THz Secure  ‘nlrare Visible  Ultravioletin ~ X-Ray Gamma-Ray
Filevision Imaging Thermal Light Medicine Imaging  Kkills living cells
Cameras
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Evolution of Wireless Technologies
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Federal Communications Commission FCC-CIRC1903-01
Before the
Federal Communications Commission .
Washington, D.C. 20554 Report and Order ET Docket-A published on
Feb 224 2019
In the Matter of )
)
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40 frequency bands

A Experimental licenses for 95 GHz to 3 THZpectrum Horizons.

A 21.2 GHzUnlicensed Spectrumnto be allocated.
A Rules on Licensed spectrum deferred until sufficient technical and market data is obtained.

http://mmwavecoalition.org/wygontent/uploads/2019/02/DC856297ALFCC-ReportOrder.pdf 5
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Caution required sharing spectrum!

Unlicensed Operation

A Maximum EIRP of 4@IBm (average) and 48Bm (peak)
for mobile.

Spectrum Horizons ExperimentalRadio Licenses

A Frequency withi®5 GHz to 3 THz
A _ _ - #A  Maximum EIRP 082-2*(51-G;,) dBm (average) and
No interference protection fropre-allocated services. 85-2*(51-G,) dBm (peak) forfixed point-to-point.

A Interference analystsefore licensgrant. A Outof-bandemission limit90 pW/cn? at three meters.

Frequency Band Contiguous Bandwidth
(GH2) (GH2z2)

116-123
FCC will Voteon March 19 2019! 74,5182 s
NBehold the Idesdflar c h o 165190 .
244-246 2
Total 21.2

http://mmwavecoalition.org/wjggontent/uploads/2019/02/DG856297A1FCC-ReportOrder.pdf



http://mmwavecoalition.org/wp-content/uploads/2019/02/DOC-356297A1-FCC-Report-Order.pdf

NYU | seaians mmWave Coalition

A Frequencies above 95 GHz are seriously waéseloped in the U.S. because of a lack of an adequate regulator
framework for their uséhttp://mmwavecoalition.org/

A ThemmWaveCoalition is a group advocating for the FCC to open several large contiguous blocks of spectrun
from 951 275 GHz[4].

A ThemmWaveCoalition is proposing rules for commercialization of fixed and mobile systems above 95 GHz w
the goal of creating a global ecosystem for these systems

A Current members are Nokia, ACB InNyvotronics Keysight, Virginia DiodesRaySecurAzbil, Global
Foundries, Qorvo, NYU.

A Annual Contribution is $5k for a large company, $100 for an Academic Institution, and $1.5k for others. Each

member can nominate one person to act as iIts APrin
by Nokia).
[dmmWaveCoal i ti ond6s NTI A Co mimémivaecoalionlom/chmwaaalitionhilliheder-waves/mmwaveoalitionsntia-comments/



http://mmwavecoalition.org/
http://mmwavecoalition.org/mmwave-coalition-millimeter-waves/mmwave-coalitions-ntia-comments/

TANDON SCHOOL

NYu|zeziest  Other Activities on SpectrumAbove 95 GHz “‘ NYU

WIRELESS

U Europe: ETSI ISGmWT: studying applications/use cases of millimetewespectrum(50 GHz - 300 GHz).

ETSI GS mWT 002 v1.1.1 2o15-08)
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GROUP SPECIFICATION
e Millimetre Wave (50GHz~300GHz)
Traditional Bands
W po— (6~42GHz) V-Band ( 57~66GHz), E-Band (71~86GHz)
Applications and use cases of '© wave

and more above 90GHz

U ITU-R: WRC-19 Agenda Item 1.1%vill identify applications irthe frequency range75 450 GHz
in accordance with Resolution 767 (WH®G).

ITLUL -2 Asia-PacificTelecommunityAPT)
275 1000 GHz
WRC-15
European Conference of Postal and /
Report 1TU-R RA 2189 Telecommunications Administrations

(CEPT) 2751000 GHz

Sharing between the radio astronomy
service and active services in the frequency
range 275-3 000 GHz
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mmWave & THZzApplication® the potential fobG [1]

Robotic Control [27, 28]
Drone Fleet Control [27]

Air quality detection [5]

Sensing Personal health monitoring system [6]

Gesture detection and touchless smartphones [7]
Explosive detection and gas sensing [8]

Wireless Cognition

See in the dark (mmWave Camera) [9]
Imaging High-definition video resolution radar [10]
Terahertz security body scan [11]

Wireless fiber for backhaul [12]
Intra-device radio communication [13]
Connectivity in data centers [14]
Information shower (100 Gbps) [15]

Communication

Positioning Centimeter-level Positioning [9,16]

[1] T. S. Rappaporty. Xing, O. Kanhere S.Ju, A. Alkhateeh G. C. TrichopoulosA. MadanayakeS.Mandal , fAWireless Communicatic
Above 100GHz: Opportunitiesnd Challenges for 6G afdle y o n d ( IEERACCESS,.Jubnitted Feb2019. 9
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Drones Deliver

Mobile Robot Cloud
gt Limited Network

Robot Model IS
Sensory A

Input OM /
— Logi QI ................... . .
Offload Compute

Local Compute

Query the cloud for better accuracy?
Latency vs. Accuracy vs. Power ...

Holographic Imaging and Spatial cognition

WAy

Wireless Cognition
Network Offloading
[17]

https//www.independent.co.uk/lifstyle/gadgetsindtech/driverlessarstravettechnologygovernmenicontrolautonomousarsag8413301html

https:/6mallbiztrends.com/2016/03/delivedyonesgroundedby-faa.html
https//www.arabianbusiness.com/technology/39 a5 #-add 182bnto-uaeeconomyby-2035

[171 ChinchaliS. et. al. Network Offloading Policies for Cloud Robotics: a Learnbased ApproacharXiv preprint arXiv:1902.05703. 2019 Feb 15.
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Plot of THz intensity (proportional to the square of amplitude)

Intensity averaged over frequency range of 0.4-0.5 THz Intensity (log.)
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[1] http://terasense.com/products/besbannef

[17] C.J6rdensF. Rutz, M. Koch: Quality Assurance of Chocolate Prodweith Terahertamaging; European Conference on NDastructive Testing, 2006Poster67

[18] M. Aladsanj A. Alkhateeh and G. CTrichopoulos "Leveraging mmWave Imaging and Communications for Simultaneous Localization and Mapping," Internation
Conference on Acoustics, Speech, and Signal Processing (ICASSP), Brightavial&019.
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100 Gbps ~ 1 Tbps backhaul
links over rooftops [12]

Short-range THz wireless
connectivity in data centers [2]

Range: 10mm-1mm

Frequency:
100GHz— 1THz

On-chip & chip to chip Terahertz
communication links [20]
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[2] http:/terapodproject.eu/wgcontent/uploads/2018/03/Remaginingdatacentreswith-THz.pdf
[12] T . S. Rappaport, et al ., ioOver vi generaidn FGwileless mewvorieswi twvha vae fcoocnunsu noi nc apt ri oopnasg af

IEEE Trans. on Ant. anérop, vol. 65, no. 12, pp. 6218230, Dec. 2017.
[20] S.Abadal A. Marruedq et al., "Opportunistic Beamforming in Wireless NetworkCh i p " , i n

Proceedings of the | SCA®


http://terapod-project.eu/wp-content/uploads/2018/03/Re-imagining-data-centres-with-THz.pdf
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cm-level localization at mmWave and THz, assuming materials are perfect reflectors [1,18]

1. mmWave image of surrounding environment constructed

2. Userlocation is projected on the constructed mmWave imag~ _ _
User Location Base Station
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[1]1 T. S. Rappaport, Y. Xing, O. Kanhere, S. JuAkhateeh G. C.Trichopoulos A. Madanayake S. Mandal , fAWireless Communic
Above 100 GHz: Opportunities and Chal | esulgmittedceb.2019.6 G and Beyond (Il nvited)
[18] M. Aladsanj A. Alkhateeh and G. C.Trichopoulos Levdraging mmWavémaging and Communications for Simultanedwosalization and

Ma p p i imlgternationalConference on Acoustics, Speeahd SignaProcessing (ICASSPMay 2019, pp. 14. 13
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A cmrlevel localization with mapAoA, andToF information
at mmWave & THz [1].

[ Th fth
A Materialsnot assumed to be perfect reflector at mmWave € map of the

environment used to

retrace signal paths
65.5m

a
v

35m median error = 6.7 cm

3-D error spheres depicting typical positioning accuracy on map
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