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We overcame the “impossible” mobile mmWave challenge

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.

Challenges

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.

Solutions
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Continued 5G evolution
in the 6G era

5G Advanced 
on the path to 6G

5G Advanced
2nd wave of 5G 
innovationsRel-18

Rel-19

Rel-20

Rel-21+

5G
A unified platform 
for innovations

Rel-17

Rel-16

Rel-15

Foundational 
research

Vision 
forming IoDTsService 

requirements
Study item 
(proposals)

Work item
trials

Rel-20

Next technology leap for new 
capabilities and efficiencies

3GPP 6G 
workshop

2018 20202019 20222021 20252023 2024 2026 20282027 2029 2030+

WRC-31WRC-27WRC-19 WRC-23
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mobile mmWave technologies Building on the solid 
foundation of 5G NR

C O N T I N U E D  E X P A N S I O N  A N D  E N H A N C E M E N T  O F

Device 
size / power
Innovations to optimize 
mmWave design for 
smartphone form factor  

Beam 
management
Innovations to beam 
pairing, tracking 
and recovery

Coverage
Innovations to overcome 
significant path loss in 
mmWave bands  

Robustness
Innovations to overcome 
blockage from hand, body, 
walls, foliage, etc.

Topology 
enhancement
Innovations to efficiently 
scale and densify the 
network
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Rel 15
Established 5G NR
technology foundation

Sub-6 GHz with 
massive MIMO

5G core network 
and enhanced 
E2E security

Advanced 
channel coding

Scalable OFDM-
based air interface

eMBB —
enhanced mobile 
broadband services

LTE 
integration

Mobile 
mmWave

Flexible
framework

Rel 16
Expanding to new use
cases and industries

~1.5–2 years between releases

Rel 17
Continued expansion
and enhancements

New spectrum
above 52.6 GHz

NR-Light Reduced 
Capability (RedCap) for 
low-complexity IoT

More capable,
flexible IAB

Enhancements 
to 5G NR 
Industrial IoT

Expand sidelink for 
V2X reliability, P2V, 
IoT relay

Centimeter accuracy 
IIoT with mmWave

Unlicensed spectrum 
across all use-cases 

Non-terrestrial network 
(i.e., satellites)

Enhanced DL/UL 
MIMO, multiple 
transmission points

Rel-15 deployment 
learning, eMBB 
enhancements, XR, others

Rel 18
New wave of 5G innovations in 
the decade-long 5G evolution

5G Advanced

Automotive 
and NR V2X 
enhancements

Full-duplex
MIMO

Smart repeaters 
for coverage 
expansion

AI/ML data-
driven designs

5G NR-Light 
expansion for IoT 
and more

Non-terrestrial 
network 
enhancements

Extended 
Reality (XR)

Broadcast 
enhancements

Further eMBB 
enhancements

Sidelink in 
unlicensed 
spectrum

Rel 19Leading 3GPP 
evolution of

Rel 20

5G NR in 
unlicensed 
spectrum

Mission-critical 
services with eURLLC 
(e.g., 5G NR IIoT)

5G NR 
Cellular V2X

Positioning 
across use cases

Better coverage 
with IAB, uplink 
MIMO

In-band eMTC/NB-IoT 
and 5G Core

IAB integrated
access/ backhaul

5G 
broadcast

Private Networks, 
SON

eMBB evolution -
improved power, 
mobility, more

5G Continued foundational technology evolution 
and expansion to new verticals

Rel 21+
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Australia is the 3rd pilla r opening up the “26GHz ma rket”
China , India , Europe being pa rt  of 26GHz ma rket  (3GPP n258  ba nd)

Austra lia
Optus | Telstra  | NBN

TPG Telecom/ Voda fone

J a pa n
Docomo | KDDI | 
Ra kuten | Softba nk

Stra tegic Pilla rs
using 28GHz

Tha ila nd
Indonesia

Vietnam

United Sta tes
AT&T | T-Mobile | Verizon | US Cellula r

Germa ny

Ita ly
Greece

United Kingdom
Fra nce

Brazil

India

Spa in

n258  ba nd 5G 
mmWa ve (26GHz)

Confidential – Qualcomm Technologies, Inc. and/or its affiliated companies – May Contain Trade Secrets

1

2
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China

Denma rk, Finla nd
Norwa y, Sweden
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Expanding breadth, availability of 5G mmWave devices

5G sma rtphones Hotspots & IoT

PCs

CPEs

Modules

IP camera

170+
5G mmWa ve devices

la unched or a nnounced
by 65+ vendors

Source: GSA, Dec. 2022
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Fixed wireless 
a ccess

Urba n cit ies, suburba n 
towns, rura l villa ges

Bridge digita l 
divide

Indoor / outdoor
venues

Sta diums, Shopping ma lls, Busy 
streets, music venues

Best  Qua lity of Experience
in high-density a rea s

Transportation
hubs

Train terminals, subway 
stations, airports

Indoor 
enterprises
Offices, a uditoriums, 
educa tion ca mpuses

Free up mobility a nd 
power hybrid work

Industria l 
IoT

Fa ctories, wa rehouses, 
logist ic hubs

Unlea sh 
Industry 4.0



9Source: https://www.rootmetrics.com/en-US/content/mmwave-cutting-through-congestion

5G mmWave + mid -ba nd 
= best  possible QoE
wherever people a re

Sta diums Tra in Sta tions Indoor ma lls Outdoor hot 
zones

Uncongested Congested

258.6

1932.5

44.8

231.4

Mid-band mmWave

Media n downloa d throughput  (Mbps)

5G mmWa ve ca n deliver more uniform user 
experiences even in congested network

5G mmWa ve delivers on the promise of 
extreme ca pa city a nd bla zing-fa st  speeds 
under hea vy network loa ds
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*  Subscribers able to experience mmWave daily.     ** Hypothetical UK operator with 30% market share
Source: Qualcomm Technologies and Bell Labs Consulting study, April 2022

5G mmWave in “ isla nds of ca pa city” posit ions the opera tor a s a  
qua lity lea der, cost-efficiently

Sta diums

Tra in 
Sta t ions

Indoor 
ma lls

Outdoor 
dense a rea s

2000

24%

5G 
mmWa ve 

Hot  Zones**

% Subs 
da ily rea ch*

Net-0
Ca pex

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

Lea ds to up to 70% less power 
consumption

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

1

3

6

10

1

5

11

20

0
1 1

2
3

1
2

3

5

75%

DL mid-band

UL mid-band

DL mmWave

UL mmWave

70% 
less 

energy



The rise of AI brings a unique 
opportunity to revolutionize the 
future of wireless technology
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AI in 5G Advanced - Use case examples
Many more potential use cases for the future

Channel feedback
More efficient, predictive Channel State 
Information (CSI) feedback can improve 

user downlink throughput and reduce 
uplink overhead

Beam management
Beam prediction in time/spatial domain for 
overhead and latency reduction, improving 

beam selection accuracy, especially 
useful for mmWave systems

Precise positioning
Positioning accuracy enhancements for 
different indoor and outdoor scenarios 
including, e.g., those with heavy non-

line-of-sight conditions 
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1st sensor-modem-RF 
fusion solution
for mmWa ve bea m 
processing

13

AI hardware 
acceleration
for superior
5G performance

* Compared to Snapdragon X70 Modem -RF System
1Compared to non -AI-based location tracking; Under typical GNSS -challenged
dense urban canyon environment
Snapdragon is a product of Qualcomm Technologies, Inc. and/or its subsidiaries. 

improved AI
performance *

2.5X
Qualcomm ®

5G AI Processor
Gen 2 with

dedicated tensor 
accelerator

AI-based mmWave 
beam management

AI-enhanced GNSS 
Location Gen 2

improved location 
tracking accuracy 1

Up to

50%Up to
25% higher received 
power* for increased 
mmWave robustness
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Intelligent 5G mmWave 
network planning
Demonstration at Qualcomm Technologies booth – Hall 3

Manchester, England
Test location: 6.8 sq km



1.Commercia l in a ll pa rts of the world

2.Ma ture device a nd infra structure 
ecosystem

3.Subscribers wa nt  more ca pa city in 
crowded loca t ions

4. 5G mmWa ve is the chea pest  solut ion 
to cope with it

5.More to come for consumers a nd 
businesses

A ma ture ecosystem
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For more information, visit us at:
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