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New frontier of mobile broadband —
mobilizing 5G mmWave for vast bandwidth

< ~25X more bandwidth than >
what’s being used for
3G/AG
6 GHz 24 GHz ~100
GHz
(D e
LA
Sub-6 GHz Millimeter wave (mmWave)
(e.g., 3.5 GHz) (e.g., 26 GHz, 28 GHz, 39 GHz, 60 GHz)
Multi-Gbps data rates Much more capacity Lower latency

With large bandwidths (100s of MHz) With dense spatial reuse Bringing new opportunities
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5G mmWave growing presence

Countries and regions with commercial mmWave deployments or spectrum allocation




Expanding
breadth,
availability

of 5G mmWave
devices

150+

5G mmWave devices
launched or announced
by 50+ vendors

5G smartphones




-60%
CAGR
2021-2023

Growing
5G mmWave

smartphone
shipments

2021 2023

mmWave penetration of

~20% total 5G smartphone

shipments expected in 2023




Meet users where they are
& maximize returns and cost-efficiency

The high throughput and network capacity of mmWave can lead to near-term cost-efficiency in key environments:

Homes & SOHO Train Stations . Indoor Malls
. . Offices
fixed access & Transit Hub . p N and Venues




5G mmWave High-Power CPEs

enable Fiber-like FWA applications

10+ km

~1 Gbps

United States 1 Gbps
US Cellular Italy
FastWeb

RF Sensing Suite for high performance 1 :
SG mmWave, self-installed CPEs GhApstralia

NBN
Y
Standalone 5G mmWave support

mmWave-sub6 Dual Connectivity
(NR-DC) rollout

Ericsson, Telstra and Qualcomm set
Uplink Speed Record of Close to 1Gbps
Using 5G Dual Connectivity and Carrier
Aggregation

22 Dec 2021 | NEWS RELEASE

Singtel and Ericsson achieve Southeast Asia first with fastest download speeds of
5.4Gbps on 5G standalone New Radio-Dual Connectivity

TIM’S 5G exceeds 5 Gigabits per second,
setting a new european record

The record was achieved on the live network in Rome, combining 5G 3.7
GHz and millimetre wave frequencies in a complete 5G Stand Alone system

12/16/2021 - 11:30 AM

Qualcomm and ZTE Achieve Landmark
5G mmWave Results



5G mmWave + mid-band = Best possible QoE wherever you are

Median download throughput (Mbps)

. Uncongested 1932.5

. Congested

Low-band

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

RootMetrics study shows mmWave can
deliver more uniform user experiences even in
congested network

mmWave provides speeds 4-5x faster than
those of low-band and mid-band in congested
conditions

mmWave delivers on the promise of providing
extreme capacity and blazing-fast speeds
under heavy network loads


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

QUCI'CO/WV\ MWC-B 2021

5G mmWave can
support diverse

use cases in factories
of the future

Enhanced mobile broadband

» Smartphone and laptops
* Boundless XR

Mission-critical services

* Industrial automation (e.g., robots)

Massive loT

« Camera sensors

Proof-of-concept
end-to-end system
simulations

Simulated Devices

Smartphones
and Laptops

Average DL
Throughput

805.5

Mbps

Average DL
Throughput

212.2

Mbps

> 100 Mbps required

Traffic
Profile

48.0

bytes / ms

Average UL
Throughput

281.5

Mbps

;ﬂckmL ;ctcn:y
299 0.8
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2999999 0.5



5G mmWave +

5G mmWave + i T i (

mid-band y Fixed Wireless Access
Best possible QoE N Wireless Fiber
wherever you are ( )

G e 2 o8

(j 1 AwWwave 5G puzzle

5G mmWave + ( >
Open RAN

5G mmWave + mid-
band + Stand Alone

— I I A 2 -
Easily scalable, = @ Critical infrastructure

flexible 'j
’ for Industry 4.0
high-performance 5G i or inaustry

—-@-@




Qualcomn

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 References in this presentation to “Qualcomm” may mean Qualcom
components or devices referenced herein. Incorporated, Qualcomm Technologies, Inc., and/or other subsidiari
or business units within the Qualcomm corporate structure, as
applicable. Qualcomm Incorporated includes our licensing bus

QTL, and the vast majority of our patent portfolio. Qualcomm
Technologies, Inc., a subsidiary of Qualcomm Incorporated, operates,
along with its subsidiaries, substantially all of our engineering,
research and development functions, and substantially all of our
products and services businesses, including our QCT semiconductor
business.

©2018-2022 Qualcomm Technologies, Inc. and/or its
affiliated companies. All Rights Reserved.

Qualcomm and Snapdragon are trademarks or registered
trademarks of Qualcomm Incorporated. Other products
and brand names may be trademarks or registered
trademarks of their respective owners.
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Techno-economic evaluation of K
potential, and cost-effectiveness of

across Europe

Bell Labs Consulting



Can telecom operators serve 5G subscribers with better profitability and
technically superior solution by investing in 5G mmWave?

mmMWave challenges

Limited coverage

Challenging propagation

Lack of assigned spectrum, devices
& networks

18 © 2021 Nokia

—

2.

mmWave opportunities

Significantly more capacity

Ideal for hot-zones and indoor
locations

Business attractiveness...

Bell Labs Consulting



Telecom operators across the globe target to monetize 5G by enticing end-user
to increase data usage and move to higher-price data bundles

.22 5G Pricing plans & take rate verizon'  4G/5G Pricing plans & take rate
________
(o) { (o) ‘
88% ! 58% I
New subs chose New unlimited subs.
unlimited plans | Chose premium plans |
| I
Metered
I |
Price (KRW)
4 I I I Entry Unlimited I
34 34 I I
J . . . I Premium Unlimited
Light  Light  Light Standar Nyt Premier Premier  Premier I I
Senior Teenager I Regular Plus Super I o
Unlimited pl I I
\ Unlimited plans > ] N e e e o A
- e e o o o Em = = -

Source: LGU+ Source: Verizon

19 © 2021 Nokia Bell Labs Consulting



Replicating mmWave deployment by strategically selecting hot-zones across high-
density locations enables significant revenue uplift opportunities

7,200 Offices

1100 PB/Year

’] M Homes & SOHOs

2150 PB/Year

3 S .
'«&A AT IS

% AT
600 PB/Year

70 PB/Year

GLA — Gross Leasing Area

20 © 2021 Nokia

23 K Outdoor hotspots 400 Indoor malls 85 Stadiums

-
150 Jran
85 PB/Year

Y o

170 PB/Year

2021-26 UK* Operator Annual Mobile Traffic

Mobile data
capture potential

Existing Additional
Eliile traffic

* Estimated for one operator with 30% market share

Bell Labs Consulting



Replicating mmWave deployment by strategically selecting hot-zones across high-
density locations enables significant revenue uplift opportunities

1 M Homes & SOHOs 7,200 Offices
Underserved >70 Employees >10k Daily Passengers

2.3K0utdoorhotspots 400 Indoor malls 85 Stadiums

>5,000 sg. m GLA + >5,000 sg. m GLA >20K Seating Capacity

GLA — Gross Leasing Area

21 © 2021 Nokia

2021-26 UK* Operator Annual Mobile Revenue

€300M

N

3840 5 Yr. Incremental
Revenue potential

.

Annual Avg. mobile Incremental
revenue revenue

* Estimated for one operator with 30% market share

Bell Labs Consulting



mmWave business viability excels with higher subscriber densities
Sweet spot of 5G mmWave at 1000-3000 subscribers/hot-zone

» Range of 1,000-3,000

22

Sensitivity of mmWave Payback vs. Subscriber Density

SUbSCrlberS per hOt Z0one |S the payback [years] e Tr3in station —Sg)utdoor —|r51hdoor
oppin oppin:
sweet spot for 5G mmWw ypacEy Corrs v

deployment 8

Focusing on hot zones having
higher subscriber densities
than 3,000 subscribers/hot
zone reduces the addressable
MEE

Lower than 1,000
subscribers/hot zone leads to
a relatively unattractive
business case

Unattractive business

viability Optimal Zone Limited TAM

O NN w1y

0 1000 3000 4000

Su bscrlzb%p ot-zone

© 2021 Nokia Bell Labs Consulting



Gare du Nord case; findings & key-takeaways

Cost/GB comparison

for Hot Zones at Gare du Nord

Euro
Cents/ @
L e ‘

0.0

2022 2023 2024 2025 2026
e M\Vave emmmmid-band

Up to 75% less Cost/GB vs.
Sub-6 GHz at hot-zones in a
busy train station

23 © 2021 Nokia

End-user applications in a train
station hot-zone

Other:  Voice, Cloud
HTML, video rendered Lejsitery
music, etc. comms games Users

é 10.0 Streamed ‘
< VOD (HD)
o @)
38 ~
=910 /é \ ] Streamed
=3 K/ Social VOD (4K)
E =~ ol media
= nline
% 01 Dt cloud

games

0 5 10 15 20 25
Downlink throughput (Mbps)

Multiple strategies to position
& upsell the technology to
B2C and B2B subscribers

Business Case for hot-zones at
Gare du Nord

200

100

2021 2022 2023 2024

-100

. |nvestments s Expenses

mmmm Revenues e CDCF

payback period less than 4
years and Rol of 20-30% in
high density locations

Bell Labs Consulting



Deploy 5G mmWave at hot zones across swarm of locations to monetize 5G
cost-effectively, with attractive Rol and capture new revenue streams

Accelerate deployment of 5G mmWave at hot zones across swarm of locations to complement
5G Sub-6 GHz and accelerate demand for MBB

Strategically implement 5G mmWave to capture new markets and extend/introduce service
offering beyond fixed line broadband or connecting smartphones

Surgically select and scale 5G mmWave deployments considering zones of advantage of
mmWave over alternative technologies

24 © 2021 Nokia Bell Labs Consulting



Bell Labs Consulting

NOKIA Bell Labs

© 2021 Nokia
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Leveraging the potential of 5G mmWave

Maobile data (2G/3G/4G) Mobile data (5G) FWA (3G/4G/5G)

5X Global mobile data traffic (EB/month) A Complete 5G network for a” use cases

Total mobile . Bandwidth » Afully coordinated

datatrafficto 3% multi-layer network

for best performance
?rongzg;Oba”y 200 and best flexibility
0)

100 - to secure service

differentiation

%}
2021 2022 2823 2824 2025 2026 @ 2027

Source: Ericsson Mobility Report (Movember 2021)

Mid-band

10x more Providealeap § Enable
spectrum with § in capacity revenues from

Low-band

Coverage

mmWave NEW use cases




Add value now with mmWave

mmWave for any deployment Seize growth with more use-cases

A\

YUVAE

SN ANRNN

R

} o

High-capacity radio enhancing Targeted speed and capacity for Differentiate by best
the multi-layer network superior sports experiences performance

L3 B¢
A W X o

network for Capture new revenues with Superior performance for
Streetmacro for top speeds growth and innovation Fixed Wireless Access industry and enterprise

/ - . -
Reliable indoor

BT R
®ud Ve Y
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Add mmWave for 5G FWA wirelessfiber

Dispel a myth! Unlock the full mmWave

mmWave is not limited
to short ranges

potential — use with midband

Superior FWA speed, coverage and capacity
(« (« « (« («
O O 000
« (« (« (« («
O O 0O O 0O
No line-of-sight
(‘D

Gigabit speeds
beyond 7 km

with extended range
and line-of-sight

Wireless fiber Higher data Connect more
services consumption homes




Add mmWave for Gops uplink

Now in commercial networks

Combined 5G mid-band
and mmWave spectrum

Sharing experience at Media production and \\\\
I

a crowded event live streaming

4 x 100MHz ;
mmWave ! NR Dual
i connectivity
ly <—
]
1 x 100MHz
Mid-band

Everywhere AR/ VR Smart factoriesindustry 4.0

Uplink speed

\\



A fantastic journey for 5GmmWave

e From research to reliable commercial services

e More than 3 years of invaluable experience
from commercial networks

e Multiple generationsand a variety of products

for all deployment types
ploy yP Unlocking new

e Alarge and growing ecosystem demanding use cases

e An exciting future evolution

Multi-layer network
enhancements

Pushing the

Beamforming optimizations coverage boundary

for gigabit user experience

\\
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mmWave 5G: high-band
economics

DATE AUTHOR

02/03/2020 Federico Agnoletto

Senior Economist



GSMA

Intelligence

Definitive data and analysis for the mobile industry

3 GIObaI - Serves over
offices [im 800 22 40,000

_ organisations users worldwide
@ Delhi @ Barcelona @ London

Extensive ;?,2:;;' and Pinpoint Industry
Datasets Research Accuracy Trusted

Over 30 million data Over 100 reports and Five-year forecasts Serving businesses across
points, updated daily. exclusive analyses consistently accurate the mobile ecosystem and
published annually. within +/- 2.5 % of many other vertical
reported data, Industries.
updated quarterly.




GSMA

HA LY |he pros and cons of mmWave

e Short range * Mobile data traffic

* Indoor penetration growing rapidly
difficulties * High-speeds and low-

« New deployment latency a must for 5G
strategies required * More spectral bandwidth

and contiguous spectrum
than any other band

e Cost-effective?



Household
density

Coverage
requirements

cost effective?

Surface to Office
cover density

Building Data
density usage

TRAFFIC DEMAND

TOTAL COST
OF OWNERSHIP

TRAFFIC SUPPLY

Performance
requirements

Equipment

Bandwidth capacity

Underground
/overground
deployment

Busy hour
share

Distance
to fibre
exchange



Two deployment strategies: 3.5GHz-only vs * Indense urban Greater China, mmWave

3.5GHz + mmWave cost effective assuming the percentage of
connected users is above 5% at the peak
demand hour

* Indense urban Europe, mmWave 5G
cost effective if the percentage of
connected is 10% or above

Period now to 2025

Scenario constructed using population
density and satellite data on major cities in
Greater China and Europe

R

6%

3.6 GHz-only TCO

Connectedusers ] 5% I 10% [ 25%
Source: GSMA Intelligence

Europe



+ Two deployment strategies : 3.5GHz FWA
vs mmWave FWA

* Period now to 2025

« Scenarios constructed using population
density data and satellite data on urban
areas in Greater China, sub-urban areas in

Europe and rural towns in the US
L 535 ]

I
3.5 GHz-only TCO Urban China
Data consumption growth ] Low [J] Baseline [l High

Source: GEMA Intelligence

«  mmWave-only FWA in urban China,
sub-urban Europe and rural towns in
the US can be cost effective if a good
share of the residential broadband market
Is captured

* Results particularly sensitive to
assumptions on traffic demand growth
and the UL/DL traffic ratio

122%
[ ——

Suburban Europe Rural US




» Comparing TCOs: 5G FWAvs. FTTH for a
mobile operator within 10 years

LOOkIng at bOth SG mmWaVe FWA and SG 4 56 sub-& plus mmiWave FWA not cost-effective
mid-band plus mmWave FWA [Frms o)

w 5G sub-& plus mmiW ave FWA cost-effective
Urban, sub-urban and rural in Europe, US I

and Latin America I I
mmWave-only FWA generally cost- .

effective if fibre cannot be deployed in ,

ducts or poles that can be rented or ‘

shared y

Urban  Suburban Rural Urban  Suburban Rural Urban  Suburban  Rural

Mid-band + mmWave FWA cost effective EUROPE us LATINAMERICA
in a number of instances even when fibre "7 e o W W

can be deployed in ducts or poles that

can be rented or shared.




Two deployment strategies compared: 3.5
GHz-only vs 3.5 GHz and mmWave

Scenario constructed using a hypothetical
office building where indoor coverage is

limited; only a small share of traffic on 5G
(just 10% of downlink traffic and 5% of
uplink traffic) can be offloaded to outdoor
sites

A mmWave indoor office 5G network
could be cost effective and generate cost
savings up to 54%.

The precise value in the range depends
on the share of devices concurrently
active and on whether and to what extent
there is the need to provide connectivity
to next-generation video communications
equipment.

Cost per square metre in an indoor office space scenario
TCO per square metre (JSD)

&D €D
I I
Standard communications equipment Advanced communications equipment

B 35GHz-only [l 3.5 GHz plus mmWave
Source: G5MA Intelligence




mmWave out to 2030:

iImportance will continue to grow

$1,200
$1,000
$800
c
9o
= $600
0
LV
$400 mmWave impact on
economic output by 2030
$200 = $230 billion
S0
2022 2023 2024 2025 2026 2027 2028 2029 2030

B Low- and mid-bands 5G contribution B mmWave bands 5G contribution
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Recommendations

Operators — do not underestimate the role of mmWave in the short run

Governments — make clear plans for the assignment of mmWave bands

Vendors — scale is key: a wider choice of consumer devices and
equipment will reduce costs and facilitate adoption




GSMA

Intelligence

Intelligence

The economics of

mmWave 5G
An assessment of total cost
of ownership in the period to 2025

Copyright ©2021 - GSMA Inteligence

Read more...

Intelligence

The 5G FWA opport
Disrupting th& broadband m

Intelligence

The 5G FWA oppertunity
A TCO model for a 56 mmWaVe
FWA network =

Copyright @ 2022 - GSMA Inteligence

Intelligence

The 5G FWA opportunity
A TCO model for a 5G FWA network using
mid-band plus mmWave

Copyright © 2022 - GSMA Intelligence
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Stadium of the
Future
Innovation
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Promoting 5G service at 286iz band by MSIT

Introducing POC of 5G

at 286Hz band in subway ~ ™
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Background
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POC results
and Future plan
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Background



I

Background

‘Current Status of using subway Wi-Fi

As mobile data traffic has surged, enhancement of data offloading performance of Wi-Fi is
demanded. However, Wi-Fi environment in subway car is insufficient.

7

= Average download speed of

\

commercial subway car Wi-Fi has
recorded lowest (71.05Mbps).

Download rate of Wi-Fi by facility

38444 38386 36877 367.24
Mbps  Mbps  Mbps  Mbps

(| 7
Restaurant

_;alCommunitySubway Subway

Center Station car

Results of communication service coverage inspection
and evaluation of quality in 2020(MSIT)

7

* One of main cause of low quality is to
use slow LTE as Wi-Fi backhaul.

= Reviewing usage of 5G 28GHz as backhaul
to improve quality of subway Wi-Fi

Current
subway Wi-Fi subway Wi-Fi

5G
I 286
Backhaul

Wi-Fi 6E

Wi-Fi 5
Wi-Fi User |

(71.05Mbps) | Wi-Fi User
) (600~900Mbps)

~

O Ministry of Sci

ience and ICT



II

Overview of POC 2
for Wi-Fi in subway car’ ‘7‘"




I Overview of POC

POC Timeline

= MSIT, 3 mobile network = Consultation with Seoul Metro = Start POC
operators, 7 organizations

= Start installing = Open Wi-Fi service to public

< Mar. 2021 > < Jun. 2021 > < Sep. 2021 >

Q Ministry of Science and ICT



v Using LTE as backhaul and deploging Wi-Fi4/5 operating at 2.46Hz/50GH

LTE user ’
Base ! e LTE user and Wi-Fi AP shared limited resource.
station

Wi-Fi user
T N
= | [TV s | L%S & A
BB 5

Wi-Fi4/5

= Structure of using subway Wi-Fi

Devices L - Backbone
(Smartphone) “F1A . Wire Network

Backhaul
Network




v Constructing 5G at 286l band as backhaul, installing Wi-Fi 6E at 2.46Hz/56Hz/66Hz

e —ad (( ,) + Using dedicated 5G link for Wi-Fi service (286Hz)
—

2806Hz

("" = P
= < !
5G devices g g | Optical cabldg g g

(Modem(CPE) —

Backbone

station  Wire  Network
line .

Wi-Fi
Network — Cable




111
POC results

and Future plan
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- I POC results and Future plan A sraake ‘

/Speed trial of demonstration network

¥ In case of using 5G(286Hz) as a backhaul, Wi-Fi download speed was dramatically
increased(approximately 10 times than before) in subway car..!!

D/L Speed U/L Speed
600~800
About 10
times
About 6 150
times 4
71.05 v 25.33 .
. 4
| | —T
LTE 2806l LTE 286

Backhaul Backhaul Backhaul Backhaul

LTE as backhaul & Wi-Fi5 Average Speed : about 70 Mbps

5G(280H:) as backhaul & Wi-Fi 6E Average Speed : 600~800 Mbps (Peak Speed : 1,800 Mbps)

Q Ministry of Science and ICT



- I POC results and Future plan

&% Promoting installation through Seoul metro 2, 5~8 lines

» Developing CPE, AP for moving vehicle(~2Q 2022)
» Amending and implementing technical regulation(~2Q 2022)

» Completing installation and launching service(~4Q 2022)

4 Endof&lﬁv. EndodeC. '6Q- Coe '6(1 Coe '26Q A

Prior Discussion about how to
discussion constructing, Detailed design

Developing Developing modem/AP

Installing in subway station

e (Infrastructure and device)

Installing modem/AP
in subway car

O Ministry of Science and IC

. radiation power limit of Wi-Fi AP in subway
e car: 251W->250nl

Service




Promoting 286z 5G service by MSIT

Thank You
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mmWave: Now & Next

Iskra Nikolova
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Our History with mmWave

2016  Launched 1st 5G test bed in
Australia

2017 e Start mmWave trials at our
5G innovation centre

2018 «  mmWave rollout begins

2020 *  First mmWave device
launches in Australia

2021 e Spectrum Auction

«  mmWave live trials begin

* First mmWave handset in
Australia




Ongoing Strategy

The value of mmWave
Metro / High Traffic Areas
Small Cells and Repeaters
Our 2025 Ambitions



Case Study: MCG

100,000 seater stadium

* mmWave included as part
of new connectivity
upgrades

* Download speeds between
2-3 Gbps



N, What’s next for mmWave?
i | a',’!llwmm"m‘:ﬂ\\\\\?\ ,
" \ '

* Growing market opportunity

0111 * Increasing hardware
capability

* mmWave as a broad

coverage option



Moving forward

Working together

mmWave accelerator
initiative

Cost effectiveness

Increasing software
capabilities

Copyright Telstra©



Final Thoughts

 The true value of 5G will be
unlocked with mmWave

 We need to work together
to build the industry eco
system
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5G mmWave Benchmark
Study

-

e
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]
o

7777

March 2022

SiIGNALS

Research Group




IN JUST 10 SHORT MINUTES YOU WILL LEARN....

Market Square in Downtown Helsinki, FI

mmWave Radios

« How mmWave performs in real-world venues (an outdoor market square in
Europe and a basketball arena in North America)

» Why operators with mid-band 5G spectrum should consider mmWave

* Why consumers need access to Gigabit-per-second throughput ?elsgrﬂérlo_usp


http://www.google.com/imgres?imgurl=http://comm.ae/wp-content/uploads/2009/02/qtel-logo1.jpg&imgrefurl=http://comm.ae/2009/02/18/qtel-to-launch-unified-roaming-plan-across-17-countries/&h=275&w=640&sz=33&tbnid=j6UdEjyMxslp8M:&tbnh=59&tbnw=137&prev=/images?q=qtel+logo&usg=__27fVpgvMiEbsipS_eQL_dwW3WTA=&ei=v5y7S53SGI7-tQPMv6HuBA&sa=X&oi=image_result&resnum=1&ct=image&ved=0CAYQ9QEwAA
http://www.novatelwireless.com/

Mid-band and mmWave Cell Coverage Areas

Band n78 (3.8 GHz) Band n258 (26 GHz)

1 1 .
9 » y N 4 " 'd
o / : — «—, & P - v B i o -.‘.‘-’.‘ il J‘:‘“‘,, “J‘ N ‘i A :L S | S —— % ok - ! A ~- x 2\ 5 T EE ;
| T R -~ —\il R ‘i Wl g araa o Lot Ll SiEh | Q’y \E“ ./
Pis < = ] F ‘ \ H | - R | i L - < = o o 3

B 2 L e Y - X = " " =

 Colored circles show area walked during each test — unique colors map to unique
5G radios (PCI values)

« Mid-band 5G and LTE (not shown) had similar coverage areas

« mmWave coverage included areas not covered by the same 5G mid-band SiGNALS
radio (COVEFECI by adjacent radiOS) Research Group




Capacity increases by 10.1x vs LTE (4.4x over Bn78)

The “"Math Version” of the Adjacent Cake

0.08
5G NR mmWave Capacity Layer (22,339 m?) — 44
e . 00
0.0 [ ]
0.008 _
I ]
5G NR Bn78 Capacity Layer (46,550 m?) — 0.018 Mbps/m* LTE 5G NR (Bn78) 5G NR mmWave

LTE Coverage Layer (46,550 m?) — 0.008 Mbps/m?*

Capacity Density (Mbps/m?)

« Mid-band 5G increased LTE capacity by 2.3x (comparable coverage)

« 5G mmWave increased LTE capacity by 10.1x, and it increased mid-band 5G
capacity by 4.4x (~50% outdoor coverage of mid-band 5G) SIGNALS

Research Group



5G mmWave in a Loaded LTE Network - downlink

Total Downlink Throughput

Device Throughput Comparison
(by LTE band) gP P

(with and without mmWave)

Total LTE = 347.8 Mbps
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Downlink (Mbps)
B LTE M 5G NR mmWav

Band 13 Tput
44.6

Downlink (Mbps)

« 16 smartphones downloading in parallel — 4 smartphones on mmWave

» LTE spectral efficiency is quite good but lack of ample spectrum impacts ¢z, SiGNALS
user speeds — all LTE phones used carrier aggregation (3 carriers) Research Group



5G mmWave in a Loaded LTE Network - uplink

Total Downlink Throughput

(by LTE band)
Total LTE = 169 Mbps

Band 66 Il Tput
31.2

Band 66 Tput
41.6

Band 5 Il Tput
32

Band 13 Tput
31.5

Uplink (Mbps)

Device Throughput Comparison
(with and without mmWave)

oEoN=Emx

Mobile #1 Mobile #2 Mobile #3 Mobile #4 Mobile #5 Mobile #6 Mobile #7 Mobile #8 Mobile #9  Mobile #10 Mobile #11 Mobile #12 Mobile #13 Mobile #14 Mobile #15 Mobile #16
(2cc)

Uplink (Mbps)

B LTE M 5G NR mmWave

« 16 smartphones uploading in parallel — 4 smartphones on mmWave

« Phones with mmWave had 3.7x higher throughput, on average, than

LTE only phones

SIGNALS

Research Group



Why it Matters!

Video Streaming in a Congested LTE Network

Source Video LTE Video with Network Congestion 5G NR Video with LTE Network Congestion
(VMOS = 4.94) (VMOS = 4.28) (VMOS = 4.84)

YouTube Live in a Congested LTE Network

N

SiGNALS

Research Group




READ ALL ABOUT IT!

CAP’N CRUNCH

HOW 5G NR MILLIMETER WAVE
(mmWave) PROVIDES CRITICAL
ADDITIONAL NETWORK CAPACITY

IN INDOOR VENUES AND OUTDOOR
ENVIRONMENTS, EVEN IN THE PRESENCE
OF LTE AND MID-BAND 5G NR

January 2022

Prepared by
Signals Research Group

pAanaLS

wewwsignalsresserch.com

‘We conducted this Quakomm

INC. SRG was solely respor ollecting and

test data presented i this report. We collected the resul
. ts provided

it al commercial
2021. The ‘this whitepaper are based on our analysis of the data, which is also included to the maximum extel

zzzzzzzz

september and

nt

October
possible

ireless-related topics, includ

s
publisher of the Signals Ahead and Signals Flash! research reports

ling.

« 60-page whitepaper is available on the
SRG website

 Lots more content and detailed analysis
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