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Growth in Smart Phones/Tablets C

Pope Francis
6.9 Billion cell phones
203 million in US

http://www.nydailynews.com/news/world/check-contrasting-pics-st-peter-square-article-1.1288700
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Mobile Data Growth

US Mobile Data Traffic Growth / Top-Line
US Mobile Data Traffic will Increase Nearly 8-Fold from 2013—2018

50% CAGR 2013-2018
3,000,000,000.00 27 EB
£
é 2,250,000,000.00
& 1 500,000.000.00 Global IP Traffic by Local Access Technology
@ By 2016, Fixed/Wi-Fi Traffic Surpasses Fixed/Wired Traffic
=,
0
E 750,000,000.00 29% CAGR 2011-2016
0.00 120,000
2013 2014 2015 2016 2017 2018 Mobile Data (78% CAGR)
Sr:?‘urce: Cisco VNI Global Mobile Data Traffic Forecast, 2013-2018 100,000 W Fixed/Wired (20% CAGR) 10%
B Fixed/Wi-Fi (34% CAGR)
£ 80,000
5 30%
=
g 60,000
ul
Mobile data continues to grow at >50% CAGR iﬁ' 40,000
& 51%
. . ) ) 20,000
Mobile data is relatively a small portion of the
overall data traffic 0

2011 2012 2013 2014 2015 2016

Source: Cisco VNI Global Forecast, 2011-2016
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Wireless Industry Challenge ne

How to offer more with less?

ARPU
$70

O AT&T Sprint O T-Mobile
O Verizon (ARPA/connections per account) © T-Mobile ABPU

$65 M
$60 0

What would be the cost
structure of 100GB data plan?

$55

$50
Q12012 Q22012 Q32012 Q42012 Q12013 Q22013 Q32013 Q42013 Q12014

Source: Company reporting, Jackdaw Research analysis 4
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Spectrum Strategy

 Driver. Continued growth of mobile & other services

d More Spectrum
O National Broadband Plan i NATIONAL

O Middle Class Tax Relief S
& Jobs Creation Act of 2012

O Presidential Memos
O NTIA ten year plan
O Consider potential reallocations, but becoming more difficult

O Efficient Use of Spectrum:
O Continue to advance technology with higher spectral efficiency
O Often spectral efficiency needs to be balanced with capital efficiency

 More Sharing

0 PCAST Report
O Department of Defense Spectrum Strategy
O Develop advanced spectrum sharing techniques

NON-PUBLIC. FOR INTERNAL USE ONLY



Why to consider mmW bands? ne

Spectrum: Key to Wireless Capacity
mmWave System Tech.

UNITED
STATES .
FREQUENGY Source: Samsung Presentation from IEEE ICC 2013

ALLOCATIONS

THE RADIO SPECTRUM

- Fixed >50 Gbps

'Fixed 1 Gbps |
+ Mobile 5 Gbps

‘Mobile 100 Mbps

J Active CMOS IC

Research — PR
S.haded Areas = — Py : s z 3
r. o T ] . o :
Equivalent Spectrum! . Vehicular : - .Ffequency band
Spectrum Rads T.§. Rappaport, et. al., Millimerer Wave A i
adal Wireless Communications, PearsonPrentice LTI annnane®

Hall, c. 2015

4G frequencies New higher frequencies

TANDON SCHOOL
OF ENGINEERING

Wireless Carrier Frequencies Have Not Kept Pace
Moore’s Law in the Past 40 Years

Personal Computer 1 MHz 5 GHz 5,000x
Clock Speed

Personal Computer 256 KB 500 GB 4,000,000x
Memory Size

. Cellular Phone 850 MHz 2.5 GHz
5G BS Massive Carrier Frequency

MIMO/Array
Antennas NYU | Zraangioo:
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5G Service Vision

So what is 5G?

>10 Gbps
peak data rates

Usage Scenarios for 5G

Mz2m
ultra low cost

LS

Multi-year

ool e
PRE-1 m

o B i 2 el
¥ :--——-‘_'—‘T.

CONNECTED CAR

Ultra-reliable, Low-latency
Communications

Massive Machine Type

Future IMT |
Communications -

-
_I -~
—HHEHEn
as &

Source: Recommendation TL-R M 2083 “IMT Vision - Framework and overall obiectives of the future oevelop!

Intel products fuel the 5G engine by enabling

Billions of devices with
different needs

GEs transferred
in an instant

nvent of INT for 2020 and beyond”

new applications in a variety of spectrum bands

verizon’ oo

100 Mbps

whenever needed

NOKIA

DRIVING 5G EVOLUTION

W,
e
X(s)z

peak data rates

New Use Cases &
Business Models

10 000

- .
Extreme x more traffic

Mobile
Broadband

. 5G ¢

YEEEIE Critical
machine machine
communication communication

Mission Critical MTC

10-100
X more devices
Massive MTC

)

<1 ms
radio latency

M2M

ultra low cost
New Tools

Enhanced Broadband

10 years
on battery

reliability
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10,000x
maore traffic

Ultra
reliability

Very low
latency

Mission-critical
control and automation

New deployment
options

Operational
Efficiency



Enabling Technologies

BS ‘ MS
S FD-MIMO simultaneously
Array Antenna 3 1 supports elevation & azimuth
8X6 (=48) Antenna Elements § B beamforming and > 10 MSs
: 13 MU-MIMO
e

;t Array Antenna
4X1 (=4)

Antenna Elements
. RF + Array Antenna

RF + Array Antenna

RF + Array Antenna

Baseband Modem

Adaptive Pencil Beamforming

i !
Seamless
Connectig
MS
5G Small BS f _‘ W
Dual' ' @ Massive
Connection SRaREha
Low Latency Services S = L )
e by Edge Servers

5G Deployment Scenario
Source: Samsung 5G Vision White Paper

5G Flat Network Architecture
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Making mmWave a reality for mobile mmWave Wavelength Visualization — 60 GHz

5 millimeters
16 antennas

Integrated
Circuit

Qualcomm® VIVE™ 802.11ad technology Qualcomm Research 28 GHz end-to-end prototype system
with a 32-antenna array element demonstrates beam ."umur-g and scanning to address NLOS E 05 for 60 GHz WPAN Systems” [EEE Journal on Selected Areas in
scenarios, improve indoorfoutdoor range, and provide robust mobility

‘omm s, vol 27, no. 8, October 2009, pp. 1367 - 1377,

Tachesksgios, b

W TANDON SCHOOL
NYU | snene

mmWave Testbed / Chipset Development SNMSUNG

Verizon 5G Technology Forum Partners
NOKIA DY BESSEMER

NTURE PARTNERS

Base Station Mobile Station 28 GHz Antenna/RFIC - matrix ;
o> a:(

I World's 1st mmWave Testbed and Antenna/RFIC for Devices

[ 28GHz Array Antenna Module
' 5 ERICSSON (5 —
3 e ‘ ‘ Horizontal-Pol. CHARLES RIVER R&D and Technology = {?dex
i S = Ventures
Arttennd Investment _/3
o DA alraln Significant Patent Portfolio |nte|
Array Antenna Array Antenna HER VR ¥ R CIsco. NORTH BRIDGE
8x6 (=48) Antenna Elements 4x1 (=4) Antenna Elements HE m‘_ Aol * Large Global Communily

e | ows | P #) Redpoint

| carrier Frequency| 27.925 GHz Beamforming CMOS RFIC / GaAs FEM ‘
800 MHz B L — .
— ' 1 ® THIRD POINT QUALCOM/V\
A096-FFT e, L3 VENTURE
s | s A | =l seauoiarz NEA

/60°(EL) Baseband Modem CMOSRFIC GaAs FEM One-Cable Connection

verizon\/ Contidenial rd peprctary sk, b audhorioed Verzon pesonnel and e agenie, arly, Use, dickosre cr 5

ibution of 1 sl = ot perrited i any wihanzzd e o thed pares e by ez agrement

RF + Array Antenna

Refer to the FCC 5G Workshop discussion materials
https://www.fcc.gov/news-events/events/2016/03/spectrum-frontiers-workshop 9
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https://www.fcc.gov/news-events/events/2016/03/spectrum-frontiers-workshop
https://www.fcc.gov/news-events/events/2016/03/spectrum-frontiers-workshop

Preliminary Timeline to 5G ne

Source: Tentative 3GPP Timeline for 5G

+ IMT-2020 is the official ITU term for 5G mobile service
+ Specifications of IMT-2020 is scheduled to be finalized by October 2020

NPRM
on 10/22

Channel Modeling

Final
9/15 RAN SI: Scope and Subrfssion
Reguirements / ubm|55|0n

12115 RAN WG Sl and SA System Work: S)épe and Reqmrement
/ Phase 2
3GPP Track Phase 1 specification
specification complete
complete (<6GHz) (>6GHz)

«  3GPP will work with ITU timeline to submit an IMT-2020 proposal
* 3GPP does not intend to explicitly use the term “5G” when the work starts. “5G” will
remain as a marketing & industry term that companies will use as they see fit.

10
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Expanding Use of the mmW Spectrum [HC,

d FCC Notice of Inquiry (Nol)
adopted 10/17/14 s ComEE S o

Washington, D.C. 20554

In the Matter of

O FCC Notice of Proposed M

Es Lxhllsh Mon: Flexible Fr. &mc\mrkm

Rulemaking (NPRM) adopted Etes St Gy 55

Petition for Rulemaking of the Fived Wireless

ouununuammstm] mmmmm Create Service
Rules for the 42-43.5 GHz Band

)

)

¥ GN Docket No. 14-177
)
)
)
)
)
)
)
)
)
)

Amendment of Parts 1, 22, 24, 27, 74, 80, 90,95, ) WT Docket No. 10-112

)
)
)
)
)
)
)
)
)
)
)
)
)

1B Docket Mo. 15-236

RM-1 1664

and 101 To Establish lJ fmml bcense Re ncwal
Dscm:mmc f()p‘. aulm.andt" ngraph

0 NPRM proposes a mix of licensed “

and unlicensed use in the millimeter ““ N

wave spectrum, and creates i&:‘;ﬂ%ﬁ;’;ﬁ;“;i-

Services, and Al in
380 GHz . ermment ]

opportunities for sharing among o ,

NOTICE OF PROPOSED RULEMAKING

different kinds of users; fixed/mobile; P et Oter 20

Comment Date: Jamuary 26, 2016

federallnonfederal; Reply Comment Date: February 23, 2016

B} h Commissione Chairman Wheeler and C K Clybum and R 1 iz and
wing separate statements; Commissioners Pai and O'Rielly approvil \g,mpar(anddlsscmm par( and

terrestrial/satellite; and carrier —
networks/private networks -

L INTRODHICTION......... 1
. EXECUTIVE SUMMARY 4
I BAd ... 1

0 Recommended by Technological
Advisory Council

http://transition.fcc.gov/Daily Releases/Daily Busi
ness/2015/db1023/FCC-15-138A1.pdf

11
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http://transition.fcc.gov/Daily_Releases/Daily_Business/2015/db1023/FCC-15-138A1.pdf

US Table of Allocation HC

Frequency Range Allocations FCC Service Rules

9KHz — 95GHz Various Allocations in Primary, Co- Various service rules for a given
Primary, or Secondary allocation

95GH7Z - 275GHzL Various allocations (large amount of

) : ) No Service Rules
allocation for passive services)

275GHz - 1000GHz! No Allocation No Service Rules

1 Experimental Licensing Process supports various activities in these bands

12
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Spectrum Frontiers NPRM — Key CompOnen e

 Bands of Interests — Licensed and Unlicensed
O 27.5-28.35; 38.6-40; 37-38.6; 64-71
O 24.25-24.45; 25.05-25.25; 29.1-29.25; 31-31.3; 31.8-33; 42-42.5; 71-76; 81-86+
U Licensing, Operating and Regulatory Rules/Issues
O Part 30: Upper Microwave Flexible Use Service (UMFUS)
0 Geographic Area Licensing, Area Size, Band Plan, License Term
O Performance Requirement; Spectrum Holding
[ Satellite Sharing
d 275.-28.35; 37.5-40
U Federal Sharing
O 39.5-40; 37-38.6; Passive Service <37GHz
U Technical Rules

O Duplexing; TX Power, Emission Limit; IX Protection and Coordination; Equipment
Authorization; Part 15 Rules for 64-71

13
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Proposed Technical Rules ('

U Flexible Duplexing

O TDD and FDD support is proposed
O TX Power

O Max EIRP of 62dBm/100MHz is proposed for BS

O Max EIRP of 43dBm is proposed for MS

O Sought comments on the bandwidth factor for mmW band technologies
0 OOBE

O Radiated measurement is assumed due to lack of RF port

O 43+10logP is proposed and sought comments on the measurement bandwidth,
offset and other parameters as applicable from PCS/AWS rules

U Field Strength at Market Borders
O Sought comments on the applicability of 47dBuV/m per Part 27 rules

L Measurement Techniques

O Sought comments on measurement challenges of mmW bands, particularly on
the radiated measurement techniques

14
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Questions?

15
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