-From Tec':“hnolog_ies.to IP Business Intellige

APPLICATIONS

Patent Landscape Analysis et

April 2019

@.}ﬁnow

ent & Technology Intelligence © 2019 | www.knowmade.com



TABLE OF CONTENTS Jg

70
7
INTRODUCTION 5 KEY PATENTS 50 SA
Keypatentsdefinition N
METHODOLOGY 8 Seminabatents
Scopeof the report Blockingpatents
Keyfeature of the report Keypatentsdescription
Objectivesof the report
Main assigneesitingin the report CORPUSEGMENTATION 71
Patentsearchmethodology Applications
Terminologiedor patent analysis Antennaarchitecturesandfrequencybands
Antennatechnologies
EXECUTINEJMMARY 23 Crossanalysis
IPLANDSCARBVERVIEW 35 IP PROFILE OF KEY PLAYERS 101
Timeevolution of patent publications Samsung
World mappingof patent applications Intel
Main patent assignees OppoMobile
Legalstatusof patentsof mainIPplayers HuaweiTechnologies
Publicationcountriesof mainpatent assignees
Timeevolution of patent assignees CONCLUSION 119
IP positionof main patent applicants
IPleadership KNOWMADPPRESENTATION 122
IPblockingpotential
Strengthindex

Antenna for 5G applications| April 2019 | Ref. : KM190042

© 2019 All rights reserved | www.knowmade.com




Theauthors

Dr. PaulLeclaire

Paul works for Knowmade in the field of RF
technologies, Wireless communications and MEMS
sensors He holds a PhDin Micro & Nanotechnology
from the Universityof Lille (France)jn partnershipwith
the IEMNof Villeneuved'Ascqand the CRHEANR®f
SophiaAntipolis

Contact paulleclaire@knowmaddr

Dr. NicolasBaron

Nicolas is CEO and co-founder of Knowmade He
manageshe developmentand strategicorientation of
the companyand personallyleadsthe Semiconductors
department He holds a PhD in Physicsfrom the
University of Nice SophiaAntipolis, and a Master of
IntellectualPropertyStrategiesand Innovationfrom the
European Institute for Enterprise and Intellectual
Property(IEEPIStrasbourg)France

Contact nicolasbaron@knowmaddr

\\;\a
4
Y
o
N/
ABOUT KNOWMADE NS
N

Specializedin the analysis of patents and scientific information,
Knowmadeprovidestechnologyintelligenceand IP strategyconsulting
services The company supports the businessdevelopment of R&D
organizationsjndustrial companies and investorsby helpingthem to
understandthe competitive landscape follow the technologytrends,
and find out opportunities and threats in terms of technologyand
patents

Knowmade operates in the following industrial sectors compound
semiconductorspower electronics batteries,RFelectronics& wireless
communications, solid-state lighting & display, photonics, MEMS
sensors, memories, semiconductor manufacturing, packaging &
assemblymedicaldevicesmedicalimaging,biotech/pharma,andagrt
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YY 2 6 Y| Bxpefisiprovide prior art search, patent landscape
analysisscientificliterature analysispatent valuation,IPdue diligence,
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Understanding theompetitive landscapendtechnology developments ) <
from apatent perspective

AKnow the key IP players their key patents, their IP/technology

strategyandtheir future intents
A ldentify new entrants, their technologyand market areasof interest
A Followthe technologytrends and identify emergingtechnologies
ABenchmarkpatent portfolios and know O 2 Y LJS Ustreing@hsldnd

weaknesses Very complementary to market research
Aldentify the key patents (seminal,blocking, valuable)and the key Links between patents and

technicalsolutionsthat addresshot technicalissues ﬁ gﬁ%;‘yag;]e;ig'ayers
A ldentify free technologieswhich canbe usedsafelyand mitigate the A Technology Readiness Levels (TRL)

risksof patent infringement A Market product o

_ _ _ _ A Emerging technologies/applications

A ldentify technologiesto acquireand potential R&Dpartners A Forecast
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cope of the report

SCOPE OF THE REPORT

* This report provides a detailed picture of the patent landscape for Antenna for 5G and 5G-related applications.

* This report covers patents published worldwide up to January 2019, We have selected and analyzed
grouped in more than 2,180 patent families relevant to the scope of this report.

than 3,540 patents and patent applications

mentioning 56 or next generation applicathons

Example
Patents related to Antenna and mentloning 56 applications X \
Patents related vo Antenna array, Massive MIMO, Bearnforming %
and beam steering and relaved to 56 applications
Patents related to mm Waves antenna and dedicated vo mobile
X
phones, LTE ar 5G
Patents published after 2014 related vo Antenna devicas and %

Patents related vo 5G netwark or infrastructures and thatclaim ¥
the use of specific antenna

Patents related vo Anvenna for moebile devices but that do not

mention 56 or next generation applications *
Patent related vo antenna for all other applications (3G, 4G, 1T, "
etc.}

Antenna for 5G applications

SCOPE OF THE REPORT

Examples of patents included in the report

Included in the report as antenna devices and systems

Antenna array Antenna network

- CNIOR127423
Antanna assembly
- and the electronic device

: GUANGDONG OPPO MOBILE

TELECOMMUNICATIONS

e e e

CN109149128
Large-scale array antenna Base station including antenna having
of 256 two-way tilting structure
WUHAN HOMGXIN SAMSUNG ELECTRONICS
TELECOMMUNICATION kit
TECHNOLOGIES e

: oo .
CN109149069 - e
Aag antenna system " =3 CN108148230 -
anida maobile terminal - Millimeter wave antenna array _—
AACTECHNOLOGY and mobile terminal ot
VIV MOBILE COMMUNICATION
*, USZ0IR0ZRTHGT
Backhaul link for distributed
" . antennasystem
. ATET
Eyd US30100030114 -
i Millimeter wave patch antennas .
i PFLE
.o
@ knowiade Antannafor 56 app 10
Examples of patents excluded of the report
luded in the report
DEI02012204488
Solar medule installed in building, has
1a structurs whose majar are US20180166406
maounted at spacing recess or edge regionof Structure and formation method of
solarcells and are provided with line chip package with antenna alement
radiator, non-radiative lead, detour phase TSMC
line and radiator element
ROBERT BOSCH
US20170278603
Magnetic composites, method of
o U520110267311 making thesame, and antenna
& Touch panel having hidden antenna device comprising the magnetic
F '_: TEN MON| TECHNOLOGY composites
SAMEUNG ELECTRONICS
US20190007785 . CH103167168
Wireless network enhancements L MIMO antenna array, MIMO array
wia Inductance lonps as antennas . antenna and the security system
ATET '.. TSINGHUA UNIVERSITY
11

R Knowiic
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Understanding the main trends S
Who, When and where? Y/

IP LANDSCAPE OVERVIEW \-\/'\‘:\'
Time evolution of patent publications

More than 3,540 patents grouped in more than 2,480 patent families*
have been published worldwide

MNumber of patent publications

1200

IP LANDSCAPE OVERVIEW
Leading patent applicants according to the number of their patent families ,

120

B More than 620 IP players are involved
87

M = inthe antennafor 5G related patent landscape i .
IP LANDSCAPE OVERVIEW . -

Geographic map of patent applications

tent

1?Iilslslsuuuu1!1znn1211n111111m1n1n

ik o China _— /ENEN NN EEEEEEENEEEE

236 granted / 293 pending 39 granted / 223 pending 492 granted / 952 pending 91 granted / 153 pending

s ¥ o “a

and the concept of "5G” were not define and
antenna (around 60GHz) for cellphones and

952

hblications has known a huge increase with a

iy - and is this sterdd T OO Coln e

- 3 for 5 t 019 | Ref.: K T3
i / 38 55
}g % - B b IP activity. Especially, we notice a high number of Chinese academic
e - A Japan pblished and highly competitive. The high number of academics could
-

4%%. 38 granted / 55 pending of European or US academics seem to deny this hypothesis, Thus, the
Yy

"1‘:'-1
\ b (e.g. Samsung, ZTE, Huawei and Oppo mobile). Apple and Xiaomi have
-
vt 3 f i t 019 | Ref, ; Ki 1 38
Fa
383 PCT procedures are currently studied
S 4 Note: This distribution by country uses country cades from patent numbers in
3 each family, e.g. if = family has 3 US patents and 1 P pstent, this will count 1 far Taiwan
~ s and 1 for Japan. The mtemations! {World;WO) and Eurapesn e
P) applications may hide ather countries that are not yet published. 34 gmn":d /d) p?ndm_;,
fQ}Know \ade Antenna for 5G application 019 | Ref g 37
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Comparison of IP players
Portfolios analysis and ranking: who has the strongest IP position and why?

IP POSITION OF MAIN PATENT APPLICANTS

P Leadership
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Fom K1 market Sontien end § wans petemiing achviy wieed 1o
wiwnna A 50 Wkel rams e hgher rumber of g el Dol oty
e Bl St e el ond Sammng Both held patanny
TN Cower Mot o e cange of appicatom and tedteoliogy
Vimberns, package, networks, e |

Tty (hemesation (DNAd] At Miwte Dapen) eee 4
MECeste ¥ pouton thanin % 1hew surly Owericpment of
wtnens for 56 Theve twa ¥ players hold & far amount andt
oot petents, B thae st I acTivty & Sube e

The Gthar @roug W (oMt Buted Of Fowr madr mar bet playens (AT
Oppo mobile, Marwst #nd 1G] and ane Ovmine scadonic (South
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IP POSITION OF MAIN PATENT APPLICANTS

IP Blocking potential

Blocking poteatial®
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Sammng tan Syt the Nghet B Blacking potestied i the Rl
of antensa for 3G B I posion i sy der 3o patenty releted
W astenns Aeteirks el inbuninetee dediated e YO
PBADd  FULE PO pariind b g | T el T ey
many mpects of the @ Goman relsted 1o avtenns v 36, fom
drtes maslacturry 0 Aetwerls gowg by packaging.
g o W Tharstere The (emoay wil hereane and eriarge
) By OTeat I The (g Pt

I R The o St et B Mg guorential el
POVBON I Son 15 T PEents Nted 50 antenns pachages snd
o Bared COOMI phared arwy aatenaas oo el @ blocking
potentisl b rwleted 18 antenns deviors and Wil aBet e
Poteating eIy o peteena el ntu ey

o Al plagers Bhe Verten, Ubiquit Peterarte o N
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IP POSITION OF MAIN PATENT APPLICANTS

IP strength index

Strength index®

Strength index of the patent portfolio vs. Awerage strength index of patent
Familie: f2

fverage

s ) ~, Key [P players

Finland  HoM ey patens related 1o

Mew York Chonnam National 8 &M
e e

Verizon  University University
] . e @
L?,.Skwmss ® H"'m"'-' N /
Pulse ""'\-\-\_\l Luph! Playars holling key patents

related to antenna networks

! for 56 communiaitions.
antenna devics for 56

. Metwork and Service providers

@ antenna and RF component manufacturers

R Knewhiade

atent family strength index

. Academics
Integrators
. Semiconductor manufacturers

Samsung has the STEYN aneT [l (- e fsls o
antenna for 5G. The company holds several seminal patents and
has started ST FEAE AT IR [FEF VW INsd N TR Meam,
pabzat exieqsiny in key countries |5, AR, ST butalso
in emerging countries suchi as India.

Irte | cwimr oorfodc GoThres @ wEY nurnoes ot Faabed
patents with a large geographic coverage. However, i b=l sLiae.
from itslower prior art contribution and patenting activity.

Sy Al b= il a0y b e i freedom of other
firms for patenting and operating in the field of antenna for 5G.

Pulse Finland and Skycross are the only 2 small IP players with
key patents related to antenna devices that highly contribute to
the prior art related to antenna devices.
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Understanding the competitive landscape by application or techn
Corpus segmentation by application, Antenna operation and Antenna technolo

PATENT SEGMENTATION

Patents categorized by applications, technologies and antenna structures

Main applications ' Main technologies and antenna structures

700 []
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0 1
Handset Infrastructura / netwark Wehicles = Antenna array Beam forming MIMO and Massive mm waves

MIMO

In this report we have segmented the corpus into the main applications, structures, frequency bands and antenna type. The segmentation has been
performed manually.
* For the main applications, patents mentioning cne or more applications in their description have been selected,
+ For the antenna structure, enly patents claiming the use of an antenna array and/or devices supporting either MIMO or Beamforming have been selected,
+ Finally, all patents describing an antenna device that is or could be used in the mm-wave range have been selected.

APPLICATIONS OF ANTENNA FOR 5G

Time evolution of patent family publications per main application

CAGR
2014-2018

Vehicles 1 15 B 60 134 1 *o“"

All three applications show a very high
growth rate. 5G  antennas for  wvehicle
applications remalns a smaller |P domain.

Infrastructures and network is the main
segment. The segment growth is driven by
the develapment af netwarks

Infrastructpres /
Network

Handsets 1

supportingfusing  massive  MIMO  and
beamforming. Main and most active IP
players involved in the segment are thus
telecommunications companies and network
providers like Comba, Ericsson, ATET or
Verizon.

Antenna for handset is the fastest growing
market with a CAGR of 134% between 2014

and 2018. |n this segment the IP activity is
i Lt ansd a el lurj ik

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2000

1% publication year

RHKnowiiaf

Antennafor5G

Integrators (Oppo, Smasung Huawel) and RF
component manufacturers [AALC
technologies, Sunway communication, etc.).
Furthermare, the segment includes many
promising patents that attests of the strong
R&D effort made by the IP players involved
in antennas for handset.

pril 2019 | Ref. : KM
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Patent segmentation
Antenna types mentioned in the patents
600
PR
]
Iy m
e =
i E 300
I3
5
2 m
100
0
Dipcle Antenna Loop antenna Slot / Vivaldi Maonopole antenna IFA Patch antenna Planar antenna Microstrip
Antenna
* Menopole antenna is the most mentioned antenna types in patent related to antenna for 5G. Especially, PIFA and patch antenna are
often used for their small form factor and easy manufacturing.
* Dipole antenna and related sub segments (Loop, slot or Vivaldi antenna) are mainly mentioned in patents related to infrastructures and
networks.
@ knowhade Antenna far 5 w0

Antenna for 5G applications| April 2019 | Ref. : KM19004g

© 2019 All rights reserved | www.knowmade.com




