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Mobile Traffic Growth 65%

65% growth in data
traffic between Q3

2014 and Q3 2015
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Wireless Data Rates per Generation
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1) Theoretical Peak Data Rate 2) Data Rate of First Commercial Products

Plot of generational data rates for 3G, 4G, and 5G networks.
Millimeter Wave spectrum is needed to meet 5G demand .

W TANDON SCHOOL
NYU OF ENGINEERING © 203 T3, RAGPAPCIRT



Wireless Carrier Frequencies Have Not Kept Pace

Mooreodos Law i n the Past
Personal Compute 1 MHz 5 GHz 5,000x
Clock Speed
PersonalComputer 256 KB 500 GB 2,000,000x

Memory Size

Cellular Phone 850 MHz 2.5 GHz
Carrier Frequency
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Spectrum Explosion: Wireless Renaissance
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mmWave Wavelength VisualizatioroO GHz

5 millimeters

Integrated
Circuit

Source: F. Gutierrez, S. AgaChiplhtegratédAnténaa r i sh, and T. S. Rappaport, fAOnN
Structures in CMOS for 60 GHz WPAN Systems, o0 | EEE Journal on Selected Are:
Communications, vol. 27, no. 8, October 2009, pp. 136377.
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Key Challenges: Range/Capacity/Cost
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A Upshot: For fixed physical size antennas in free space, frequency does not matter!
Path loss can be overcome withntenna beamforming independent of frequency!

Shadowing: Significant transmission losses will occur:

A Brick, concrete > 35 dB
A Human body: Up to 35 dB
A But channel'is rich in scattering and reflection, even from people! Enabler!

Millimeter wave works NLOS propagation uses reflections and scatter

A Rappaport, et . al , AMIi I I i meter wave mobile communi
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WIRELESS

@ NYU zeizee: EXploding the Myths of Millimeter Waves \“ NYU

A 60 GHz, 183 GHz, 325
GHz, and 380 GHz for

= ' short-range apps.
gw : \ /I \
g | (RN A Other frequencies
z I have little air loss
§°-‘ =EB compared to <6 GHz
0.01 7’
SO ey A Worldwide agreement

on 60 GHz! WRC19?

T. S. Rappaport, et. al., Millimeter Wave Wireless Communications, Prentice-Hall c. 2015.



i NYUssssss Accurate path loss models needed \“ 'Q‘YU

Heavy Rainfall @ 73 GHz
10 dB attenuation @ 1km

A FCC 16-89 offers up to 28 GHz of new spectrum 100 A=
T 50 S e
A Urban mobile, and Urban/Rural backhaul § 20 e
becomes interesting with multi-GHz bandwidth = Qees i
spectrum (data access and fiber replacement) g : g 5 5 =
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adaptive antenna gains will overcome weather R o rem ! :
90 s, 7,717 {15 VW RANIT miir
T._S. Rappaportet al. Millimeter Wave.MobiIe Communicationgor 5G Cellular. It VES ;:mizncj()(}g:)m 5001000
Will Work! IEEE Accessvol. 1, pp. 335 349, May 2013 :
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andFNPRM FCCL6-89, duly. 2016 [Online]. Available https 9
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NYU WIRELESS: Where it all started
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28 GHz Measurements in 2012
DensaUrbanNYC Environments
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ALocated outdoors in Rappaport, T.S.; Shu Sun; Mayzus, R.; Hang Zhao; Azar, Y.; Wang, K.; Wong, G.N.;
walkways Schulz, J.K.; Samimi, M.; Gutierrez, F., "Millimeter Wave Mobile Communications
for 5G Cellular: It Will Work!,"IEEE Accessno. 1, pp.33849, May 2013.
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28 GHz Channel Sounder
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73 GHz Channel Sounder

TX Hdware

T.S. Rappaport,et. al.,oWi deband Millimeter
Future Wireless Communication System Design, IEEE Trans. Comm., Vol. 63, No. 9. Sept. 2015.
Of fice Wideband Millimeter Wave RXdHasdwar€eon Measurements :
Vol . 3. November 2015.
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Measurements show Millimeter Wave is Revolutionary
Hi ghly directional, only major signal

Signals arrive within 2 t graeesport S| Sky fyngMayzgs, R jHapg Zhap Ayaicy .. Weng, Kg Vong, G.N.;
. . . . Schulz, J.K.; Samimi, M.; Gutierrez, F., "Millimeter Wave Mobile Communications
many azimuth angles in Non Line of Sight (NLOS) for 5G Cellular: It Will Work!," Access, IEEE vol.1, no., pp.335,349, 2013
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