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We overcame the “impossible” mobile mmWave challenge

Challenges

Limited coverage and too costly

Limited to just a few hundred feet, thus
requiring many small cells.

Works only line-of-sight (LOS)

Blockage from hand, body, walls, foliage,
rain severely limits signal propagation.

Only viable for fixed use

Only commercially proven for wireless
backhauls and satellites.

Immature RFIC technology

Power hungry due to wider bandwidth with
thermal challenges in small formfactor.
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Solutions

Significant coverage with co-siting

Analog beamforming w/ narrow beam to overcome
path loss. Achieving significant coverage when
reusing existing sites.

Operating in LOS and Non-LOS

Pioneered advanced beamforming, beam
tracking leveraging path diversity and reflections.

Supporting robust mobility

Robustness with adaptive beam steering and switching
to overcome blockage from hand, head, body, foliage.

Commercialized smartphone

Launched modem, RF, and antenna products to meet
formfactor, thermal constraints and regulatory compliance.
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Coverage

Innovations to overcome
significant path loss in
mmWave bands

Innovations to beam

pairing, tracking
and recovery

Device
size / power
Innovations to optimize

mmWave design for
smartphone form factor

CONTINUED EXPANSION AND ENHANCEMENT OF

Robustness

Innovations to overcome

blockage from hand, body,

walls, foliage, etc.

mobile mmWave technologies
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Topology
enhancement
Innovations to efficiently

scale and densify the
network

Building on the solid
foundation of 5G NR
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New wave of 5G innovations in
the decade-long 5G evolution
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Australia is the 3" pillar opening up the ‘26 GHz market”

China, India, Europe being part of 26 GHz market (3GPP n258 band)




5G smartphones Hotspots &loT
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5G6mmWave devices
launched orannounced

by 65+ vendors
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Expanding breadth, availability of 5G mm\Wave devices



Fixed wireless Indoor/outdoor Transportation Indoor Industrial
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Bridge digital Best Quality of Experience  Free up mobility and ~ Unleash
divide in high-density areas power hybrid work  Industry 4.0



5G mmWave + mid-band
=Dbest possible QoE

Wh crcver p C Op le a1c Median download throughput (Mbps)
: : ] ]
5GmmWave can deliver more uniform user Fneongested [ Congested 1932.5
experiences even in congested network
5GmmWave delivers on the promise of
extreme capacity and blazing-fast speeds
under heavy network loads
Mid-band mmWave

Stadiums Train Stations Indoormalls Outdoorhot
Zones

Source: https://www.rootmetrics.com/en-US/content/mmwave-cutting-through-congestion




5G mmWave in “islands of capacity” positions the

quality leader, cost-efficiently

5G
. mmWave
Stadiuums Hot Zones ™
Train
Stations
%Subs
Indoor daily reach”
malls
Outdoor

dense areas

»

Requires the most cost-efficient
technology, esp. in Uplink

Leads to up to 70% less power
consumption

20

B DL mid-band M DL mmWave
UL mid-band B UL mmWave

mmWave vs. mid-band number
of small cells per “hot-zone”

* Subscribers able to experience mmWave daily. ** Hypothetical UK operator with 30% market share

Source: Qualcomm Technologies and Bell Labs Consulting study, April 2022
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The rise of Al brings a unique
opportunity to revolutionize the
future of wireless technology
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Al in 5G Advanced - Use case examples

Many more potential use cases for the future
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Intelligent 5G mmWave
network planning

Demonstration at Qualcomm Technologies booth - Hall 3

Manchester, England

Test location: 6.8 sq km

Densification with

Densification with
Sub-7 GHz macro cells

5G mmWave small cells

54 54

Sub-7 GHz 3y Sub-7 GHz ?

macro cells macro cells macro cells
+ 14 + 14 +77

Sub-7 GHz 5G mmWave 5G mmWave
macro cells pole-mounted pole-mounted

small cells

Densification with
5G mmWave small cells

54

Sub-7 GHz

small cells

Downlink user throughput
Downlink user throughput
Mbps @ Densified with macro cells Densified with 5G mmWave small cells
1,024 b
346 e
275
202
87
18 27 - Station to stadium A
.
10th %ile 50th %ile 90th %ile




A mature ecosystem

1.Commercial in all parts of the world

2.Mature device and infrastructure
ecosystem

3.Subscribers want more capacity in
crowded locations

4. 5GmmWave is the cheapest solution
to cope with it

5.More to come for consumers and
businesses
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