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Driving the 5G roadmap and ecosystem expansion

Rel-17+ evolution

l

Standalone (SA)
Non-Standalone (NSA) P
l L—————+ => Rel-16
¢ Nz Commercialization Commercialization
loDTs Field trials
eMBB deployments in both New 5G NR technologies to evolve
We are here @ mmWave and sub-6 GHz. and expand the 5G ecosystem
Expanded ecosystem:
Smartphone formfactor, Private networks, Industrial loT, Integrated Access and Backhaul,
Connected laptops, Indoor mmW for enterprises, Private network, Unlicensed/shared spectrum,...
CPE fixed access Boundless XR,... 5G NR C-V2X, Continued eMBB evolution
Continue to evolve LTE in parallel as essential part of the 5G Platform
@ @ @ { ) @ @ @
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South Korea
Sub-6 and mmWave
Europe —@ (mmWave in 2H19)
' Sub-6 and mmw " :
© e B N . \ © Japan
‘ Chlna —@ - Sub-6 and mmWave
North America @ o
L Middle East

Sub-6

Sub-6 and mmWave

2019 is the year of 5G  7gbns acrost ine giove
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More indo aapacny as outdoor

outdoor= augmenting.lower bands mmWave offloads outdoor lowér.bands
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Massive bandwidthf’t)hf‘ . Virtually Iag-les‘(experiencé Dense indoor & outdodk
cloud computing ' '
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New indeor opportunities — Fiberdike'broaaband to the Beya smartphone%'
e.g., connected enterprises home — fixed mmWave — e.g., smart manufacturing

A

5G NR mmWave
will support new
and enhanced
mobile experiences

Fiber-like data speeds

Low latency for real-time interactivity

Massive capacity for unlimited data plan

Lower cost per bit



We are overcoming the mobile mmWave challenge
Proving the skeptics wrong about mmWave can never be used for mobile

H,I,H Limited coverage and too costly Significant coverage with co-siting

Significant path loss means coverage limited to just a Analog beamforming w/ narrow beam width to overcome path
few hundred feet, thus requiring too many small cells loss. Comprehensive system simulations reusing existing sites.

Works only line-of-sight (LOS)? - Operating in LOS and NLOS'

Blockage from hand, body, walls, foliage, rain etc. i Pioneered advanced beamforming, beam tracking leveraging
severely limits signal propagation path diversity and reflections.

As proven commercial mmWave deployments are for Robustness and handoff with adaptive beam steering and
wireless backhauls and satellites switching to overcome blockage from hand, head, body, foliage.

Requiring large formfactor ) Commercializing smartphone

mmWave is intrinsically more power hungry due to wider 4 Announced modem, RF, and antenna products to meet
bandwidth with thermal challenges in small formfactor : formfactor and thermal constraints, plus device innovations.

\.I /
4 Only viable for fixed use Supporting robust mobility

1 LOS: Line of sight, NLOS: Non-line-of-sight 6



5G NR mmWave is bringing new waves of opportunities

For outdoor deployments... For indoor deployments...

« Significantly elevate today’s mobile experiences « Complementing existing wireless services provided
— initially focusing on smartphones by Wi-Fi — also expanding to new device types

* Deployments predominantly driven by mobile  Bringing superior speeds and virtually unlimited
operators — initially focusing on dense urban capacity for enhanced experiences

i
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Creating value for the mobile ecosystem

Operators, service providers, venue owners, infra vendors, device OEMs, ...




Downlink
Uplink
Coverage %
Co-siting with LTE

Median Downlink
Burst Rate (Gbps)

Site density Total
(per km?) Macro
Small

A

26 /28 GHz

9 76%
75% () 799,
0
64% 629 62% - 65%
()
52% 93%
46%
41%
I 33%

2.2 Gbps 15 Gbps 2.7 Gbps 24 Gbps 2.7 Gbps 2.0 Gbps 2.2 Gbps

US City 1 US City 2 Korean City 1 Hong Kong Japan City 1 Russia City 1 Europe City 1

48 36 41 39 28 26 28

0 8 33 39 28 26 7

48 28 8 0 0 0 21

v

A

39GHz ——

69%

52%

41%

I I ]
1.5 Gbps 1.2 Gbps
US City 1 US City 2
48 36

0 8

48 28

Simulations assumptions: Based on MAPL (maximum allowable path loss) analysis with ray tracer propagation model and city/area specific models; minimum 0.4 bps/Hz and 0.2 bps/Hz for downlink data and control, out-to-out coverage only;
Using 800 MHz DL bandwidth and 100 MHz uplink bandwidth with 7:1 DL:UL TDD

Significant 5G NR mmWave outdoor coverage via co-siting

Simulations based on over-the-air testing and channel measurements




Extending 5G NR mmWave to indoor deployments
For new and enhanced experiences complementing existing Wi-Fi services

= o) 4
3 e
| A 1 o { | o
‘! i Iy = & RLL] 1 \J
f Fb.2 ) = & )
m ; el tas

S o/ BR 1 Q. TN ‘ i Skanetrafiken
- & T Sa /8 i/ i3 X8 " 7 3 /
o Y6 if - % \ 020 il
B . ek | ) 7 Y - e il v §
18 ] | g 3 - g A -
» X A y | . ! " R
i \ AW o
g A » . | & A g 4 I I
= Y 2 -1 ¥ { g ¥ : - 3
y Z o6 8
" £ ‘w \) L -
- v ' 3 S v oy
: |

Enterpri ues Transportation hub
Offices, meeting rooms, auditoriums, ... Conventions, ballrooms, concerts, stadiums, ... Airports, train terminals, subway stations, ...
Bringing multi-Gigabit D "' Supporting devices beyond Leveraging existing Wi-Fi
‘ speed, low latency, and \—/ smartphones — tablets, XR, or cellular infrastructure
virtually unlimited capacity D always-connected laptops by co-siting small cells




5G NR mmWave
boosts performance in
Enterprise networks

Downlink/uplink coverage
comparable to Wi-Fi with 1:1
or partial co-site

Realize multi-Gigabit burst rate
‘ with wider bandwidths

(e.g., 800 MHz)

Complement indoor Wi-Fi
deployments

Coverage simulation based on MAPL (maximum allowable path loss) analysis
with ray tracer propagation model and measured material and propagation
loss; minimum 0.4/0.1 bps/Hz for downlink/uplink data and control; 2 Maximum
Allowable Path Loss; DL: 115 dB, UL 117 dB 3 Using 800 MHz DL bandwidth
and 100 MHz uplink bandwidth with 7:1 DL:UL TDD
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Total Area: ~27.6k ft2 «;,
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Existjr_fg Wi=Fi aéc&ss} point locations — co-sited with 5G NR mmWave antenna locations

Complete coverage at 28 GHz' at Qualcomm headquarters

= ~98% Downlink coverage with 1:1 co-siting
» ~09% Uplink coverage with 1:1 co-siting
= 5 Gbps downlink median burst rate3



li External wall Equipment room

~33 ft., heavy concrete, 46 dB loss ~16 ft., light concrete, 24 dB loss

5G NR mmWave
for convention
centers

Co-siting 5G NR mmWave gNodeB
antennas with existing Wi-Fi access points

Achieving significant coverage at 28 GHz'

Booth partitiobn
Realizing multi-gigabit user experience? Total area: ~13 ft., particle/press board, 3 dB loss
~180k sq. ft.
Path loss (dB)

@ Existing Wi-Fi APs mounted on ceiling at 20 .

Co-sited 5G NR mmWave antenna locations
(each 128 x 2 elements & 16 horizontal beams)




5G NR mmWave
for underground
subway stations

Co-siting 5G NR mmWave gNodeB
antennas with existing LTE DAS or
Wi-Fi access points

Achieving significant coverage at 28 GHz'

Realizing multi-gigabit user experience3

1 Coverage simulation based on MAPL (maximum
allowable path loss) analysis with ray tracer propagation
model and measured material and propagation loss;
minimum 0.4/0.1 bps/Hz for downlink/uplink data and
control; 2 Maximum Allowable Path Loss; 3 Using 800
MHz DL bandwidth and 100 MHz uplink bandwidth with
7:1 DL:UL TDD
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Inner wall
~13ft., dry wall, 16.6dB loss

: Outer wall
L?teﬂ.sf%”;aﬁt‘i 1 » ~13ft., heavy concrete, 46.3dB loss
. Stairs Elevator
' ~13ft., light concrete, 23.5dB loss ~13ft., Metal, no transmission
SRR Existing LTE DAS/Wi-Fi access point locations
S — co-sited with 5G NR mmWave antenna
s locations (each 128x2 elements & 16
N horizontal beams) 12



Qualcom

Thank you!

Followuson: f ¥ in
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.

©2018-2019 Qualcomm Technologies, Inc. and/or its affiliated
companies. All Rights Reserved.

Qualcomm and Snapdragon are trademarks of Qualcomm
Incorporated, registered in the United States and other
countries. Other products and brand names may be
trademarks or registered trademarks of their respective
owners.

References in this presentation to “Qualcomm” may mean Qualcomm
Incorporated, Qualcomm Technologies, Inc., and/or other subsidiaries
or business units within the Qualcomm corporate structure, as
applicable. Qualcomm Incorporated includes Qualcomm’s licensing
business, QTL, and the vast majority of its patent portfolio. Qualcomm
Technologies, Inc., a wholly-owned subsidiary of Qualcomm
Incorporated, operates, along with its subsidiaries, substantially all of
Qualcomm’s engineering, research and development functions, and
substantially all of its product and services businesses, including its
semiconductor business, QCT.
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