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5G is here

and it’s moving fast

Comparison of Year 1 announcements

4 Operators launched
3 OEMs launched

Operator and OEM public announcements
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5G Com m E Comparison of Year 1.announcements
. ' 4 Operators launched 30+ Operators launched
h a ppe n | n g fa Ste r th a n 4G ‘ 3 OEMs launched @ 40+ OEMs announced

Operator and OEM public announcements



5G smartphones Hotspots and CPEs 5G modules
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The device ecosystem is delivering 5G Qualcomm
150+ 5G devices launched or in development snapdragon




Browsing
Gaming
Social
Video and music streaming
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Premium tier Mid tier Entry tier

Premium tier Mid tier Entry tier

HD video streaming, HD video calling, AR search, Cloud sync

Browsing, Gaming, Social, Video and music streaming

Bringing the full 5G experience

to other tiers requires rapid scaling
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Redefining

mobile computing

’ 8cx

Qualcomm

snapdragon I
Extreme performance .
Extreme battery life’
Extreme connectivityz Samsung Galaxy Book Microsoft Surface Pro X Lenovo Project Limitless

1 Battery life varies significantly with settings, usage,
and other factors. 2 Requires network connectivity.



Instant access to
cloud compute and
storage

Immersive virtual
telepresence with
wireless flexibility

Beyond laptops:
Augmented and virtual
reality (XR)

Create with
real-time
collaboration

Powering the office
of the future with

enterprise 5G
networks



Download latency

3X e 20X

Improvement Improvement

Content download speed
(offline access)

3X ez 10X

Improvement Improvement

Streaming video performance

4% ez 95%

4G playback 5G playback
(— o} at max bitrate at max bitrate’

Lower-end improvements for sub-6 GHz, upper-end for mmWave
1 Across sub-6 GHz and mmWave



5G driving global economic growth

Both broadband availability and speed contribute to gains

Annual

we ~$100B -$3T -$12T
(3G (4G (5G

Average 100’s 10’s to 100’s 100’s of Mbps
data rates of Kbps of Mbps to Gbps

Note: * Based on global economic value created approx. 5-15 years after initial deployment

Sources. 5G: IHS—The 5G Economy, January 2017; 4G: GSMA Intelligence—The Mobile Economy, 2018—estimated through 2018; 3G: GSMA
and Deloitte—What is the impact of mobile telephony on economic growth?, November 2012; GDP impact -- Ericsson, Arthur D. Little, 2011

Every 10% increase in
broadband penetration,
GDP increases by

1%

Additional doubling of
speed can yield GDP
growth in excess of

0.3%




Enhanced network ( ) New direct ﬂ@\ Massive Q06
communication J communication \é/ Internet of Things \@/

Faster cloud access for in-vehicle experiences V2V, V2I, and V2P communications Deeper coverage to connect road infrastructure
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Shaping the future of transportation



On-premise
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Powering the
factory of the future
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Below 6 GHz

mobile broadband |

LTE =
IS required to take VR/AR
experiences to the next level

5G enhanced x

Extreme throughput—with Multi-Gbps
Ultra-low latency —down to 1 ms
== Uniform experience —even at cell edge

Ubiquitous coverage with Wi-Fi and
Gigabit LTE, the anchor of the 5G
broadband experience
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Local value

Privacy

Efficiency

@ Security

he age of
G and Al

Billions of connected things
Massive amounts of data

Powering new services
at the edge

Immediacy

. New
experiences an
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Personalization
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Devices, machines, and things are becoming more intelligent

?99 f g m

loT Mobile Automotive Cloud

Perception Reasoning Action
Object detection, speech Scene understanding, language Reinforcement learning
recognition, contextual fusion understanding, behavior prediction for decision making

; 2

Power efficiency Personalization Efficient learning




Government has an important role in different aspects
Some of them are covered in this presentation

Spectrum Caps Taxation Revision
Spectrum Auction Model Nonrefundable funds

Private Mobile Networks Patents

Certification Capacitation

19



Spectrum Auction Model

|
Beauty contest
(Not aiming to raise funds)

@

r A

Diverse Coverage
spectrum ‘® ® obligations
bands/types
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o gy
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’I ) \\ r
The sooner Reasonable
the better geographic scope

of licenses
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Worldwide 5G bands

Spectrum is critical for 5G success
Using all spectrum types and bands

High bands
above 24GHz
(mmWave)

® Licensed spectrum Minimum 800 MHz

Exclusive use

Over 40 bands globally for LTE,
remains the industry’s top priority

() Shared spectrum Mid bands

New shared spectrum paradigms 1GHz to 6GHz

Ex: 2.3 GHz Europe / 3.5 GHz USA o
Minimum 80 - 100 MHz

@ Unlicensed spectrum

Shared use
Ex: 2.4 GHz / 5.9-7.1 GHz / 57-71 GHz global

Low bands
below 1GHz

21




<1GHz 3GHz 4GHz 5GHz Hz 37-40GHz 64-71GHz
24.25-24.45GHz 37-37.6GHz
345-  355-  3.7- 24.75-25.25GHz 37.6-40GHz
&= 600MHz (2x35MHz) 2.5GHz (LTE B41) 3.55GHz 3.7GHz 4.2GHz 5.9-71GHz 27.5-28.35GHz 47.2-48.2GHz 64-71GHz
26.5-27.5GHz 37-37.6GHz
""' 600MHz (2x35MHz) 3.55-3.7 GHz 27.5-28.35GHz 37.6-40GHz 64-71GHz
Q 700MHz (2x30 MHz) 3.4-3.8GHz 5.9-6.4GHz 24.5-27.5GHz
* 700MHz (2x30 MHz) 3.4-3.8GHz 26GHz
. 700MHz (2x30 MHz) 3.4-38GHz 26GHz
‘ ’ 700MHz (2x30 MHz) 3.46-3.8GHz 26GHz
‘ ' 700MHz (2x30 MHz) 3.6-3.8GHz 26.5-27.5GHz
@ 2.5GHz (LTE B41) 3.3-3.6GHz 4.8-5GHz 24.25-27.5GHz 37-42.5GHz
‘e’ 3.42-37GHz 26.5-28.9GHz
o 3.6-4.1GHz 4.5-5GHz 27-29.5GHz
@ 34-37GHz 24.25-275GHz 39GHz

Designed for diverse spectrum bands/types

Global snapshot of 5G spectrum bands allocated or targeted

New 5G band

Licensed
= |Jnlicensed/shared

Existing band
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Sub-6 + mmWave is real 5G

Combining coverage and capacity benefits

:X\/ Drone communications
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CBRS - Citizen Broadband Radio System

Frequency range established in 2015 for shared broadband use at 3550-3700 MHz, in USA

» Three-tier spectrum use authorization framework to * Incumbent Access: Federal Users, FSS Earth Stations, at
accommodate commercial use shared with incumbent 3650-3700 MHz

federal and non-federal users. o , o ,
* Priority Access: licenses (Priority Access Licenses PALS)

* Managed by an automatic frequency coordination system assigned through competitive access within 3550-3650
called the Spectrum Access System (SAS). MHz. Each PAL is a renewable license for 10 MHz use in
* It incorporates ESC (Environmental Sensor Capability) one location for 10 years. Up to 7 licenses can be given
sensor information, which detects radar transmission locally, and up to 4 PALs for one company.

and informs SAS. Both SAS and ESC must be certified. . _
» General Authorized Access (GAA): allows flexible

* Three tiers: Incumbent Access, Priority Access, and bandwidth access on non-incumbent channels and
Authorized General Access opportunistic access to PALs channels.

INCUMBENTS

PRIORITY
ACCESS
LICENSES

GENERAL
AUTHORIZED
ACCESS

Source sample text
3550 3600 3650 3700
MHz



5G soon in Brazil

And Brazil must be ready

* Do not wait for the experience of other countries

« Spectrum caps: should be extinguished, in competitive
markets.

* Provide mobile coverage on roads
« Make spectrum available now
Do not carry out the auction aiming to raise funds

< Carry out the auction for both sub 6 GHz and mmWave, at
the same time

- Evaluate spectrum for private mobile networks



Qualcom

Thank you!
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For more information, visit us at:

www.qualcomm.com & www.qualcomm.com/blog

Nothing in these materials is an offer to sell any of the
components or devices referenced herein.
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companies. All Rights Reserved.
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