. N
benopycckui rocygapcTBeHHbIN ,fh “
YHUBepcuTeT MHPOPMAaTUKN K eCloud

PaANO3aNEKTPOHUKN x //

Benopycckne obnayHbie
TEXHOMOIrm

MexayHapogHbii Coto3
OneKkTpocesaaun
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«TeKylLlee COCTOAHUE U NepPCNeKTUBLI
npumeHeHunsa HAPS n HIBS»

Bagum lNockakyxunH, 9kcnepT MexayHapoaHOro coro3a a51eKTPOCBA3M,
TexHn4yeckum aupektop Ubiquitous Wireless LLP
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CopepiKaHue aoKnaaa

* WcTopua nonbiTok BHeapeHua HAPS

« Tekyulee cocTosiHMe u nepcnekTuBbl pa3sntna HIBS/HAPS
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WRC-97 WRC-2000 WRC-12 WRC-19 WRC-23

19'90 47.2-47.5u 2000 1885-1980, 20'106440-6520 u  31-31.3, 20'20 YTouyHeHne 1885-1980,
47.9-48.2 Ty, 2010-2025 un 6560-6640 38-39.5 Ty, 2010-2025,2110-2170 MTIw.
2110-2170 Mly, My, (+ ana P2) M nonocbl 1710-1885, 694-960,

2500-2690 MTrw.

HIBS (High Altitude IMT
Base Stations)

Cnektp ana HAPS B pamKax CnekTp ana HAPS B
$pUKCcMpOBaHHOI cnyXbbl pamkax IMT
t 20 km| (HIBS)
\J
< 100-200 km >
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MpoekT Japan Aerospace Exploration Agency, 1998-2000bie
MpoekTt Nasa kpbino Helios, 1994-2004

Catenary
curtains |
U3HayanbHO aHrAniickum npoekt Zephir, nosaHee RFC power {
! Front units NAL-SPAT |
KynneH Airbus, 2001 u ganee propellers March 99

Korean Stratospheric Airship Program, 2000 u ganee
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NMepBOHaYanbHaA naeAa NOAKAIOYEHUA APOHOB
ApOH ana pasmewieHus
yepes CNYTHUK
TeNeKOMMYHUKaLMOHHOro obopyaoBaHusa

SATCOM

Line of Sight Radio Link
Existing Fiber/Cable
Coverage Area

o= ’( =
- Ac
- h - poicnezsss (AP)

-;’7—P0P

’;__'-ﬁ‘ ) (w
Stations A a A

Commercial Air Gateway
Traffic Operations g ‘ P
oP

S— Ground Control Station (GCS) PI
Fleet Operations
=

MpoeKT 3aKpbIT B 2018 roay, 3aKn0oUyeHo
naptHepctso ¢ Airbus no passutuio Ha 6ase Zephir
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CneyunanbHo pa3paboTaHHasn
aHTEHHaA cucTtema ANA 4acToT Bbille
20 My, Ha ocHoBe KombuHauumn 4-x HAPS ©HAPS
AQHTEHHbIX peLweToK optical link

HAPS« CPE
_~ beam

Gateway to

Fiber Point of Presence (FPoP) HAPS < GW

beam N

+

/

base station
coverage HAPS
(e.g. LTE e-NB or 5G) service area
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CopepiKaHue aoKnaaa

* WcTopua nonbiTok BHeapeHua HAPS

« Tekyulee cocTosiHMe u nepcnekTuBbl pa3sntna HIBS/HAPS
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CnekTtp ana HIBS O6opypoBaHue gna HIBS JletatenbHble nnatdopmbl

1.8 GHz
M

700-900 MHz
¥d’/

m} For HIBS
I —

Footprint fixation by digital
beamforming control

Cylindrical

antenna

NO FLEXIBILITY

CHuXKeHue orpaHnyeHun B 2 Iy,
-165 dB(W/(m2 - MHz)) for0° <8 = 5°
-165+1.75(8-5) dB(W/(m2 - MHz)) for 5° < 8<25°
-130 dB(W/(m2 - MHz)) for 25° < 6=90°

N

~144 dB(W/(m2 - MHz)) for 0° <6=<10°
~144+1.6 (8-10) dB(W/(m2 - MHz)) for 10° <0 <25°
~120dB (W/(m2 - MHz)) for 25° <6=<90°

ConHeuHble naHenn,
HOBbIle TUNbI
AKKYMYNATOpPOB,
adpPpekTnBHbIE gBUraTENN
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HIBS BAND 2
HIBS BAND 1 (1710-1 885) ) . [ HIBS BAND 3
(694-960 MHz) (1885-1 980 MHz, 2 010-2 025 MHz J L (2 500-2 690 MHz)
and 2 110-2 170 MHz )

Land mobile v/ Land mobile v IMT

IMT " PHD | IMT CPRD FS

ARNS FS " PFD | BSS

Broadcasting (T or SRS/S0S | DLONLY | MSS

ARNS adjacent AMS Vo MSS adjacent

AM(R)S adjacent /" MetSat adjacent | ULONLY | RDSS adjacent

[RAS 21¢ harmonics] /" or [ MSS adjacent " PFD | ARNS adjacent " PFD |
FS adjacent v o IELD Meteorological radars adj. LI
SRS/S0S/EESS adjacent [ILIAAD RAS adjacent (LT or

- AN VRN J

Mo MHOrMM BOMpocam MPUCYTCTBYET 04eHb 6obLLoM pa3zbpoc B KOOPAMHALMOHHbBIX PACCTOAHUAX U YPOBHSAX NJIOTHOCTU NOTOKA MOLLHOCTH.
Hanbonee KecTtkue ypoBHMU CyLL,ECTBEHHO OrpaHuyaT Bo3moxHoctu HIBS 6e3 nonyueHua cornacua cocegHuUX rocyaapcrs.
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HAPS Alliance Pa3pabartbiBaemblie nnatdpopmbl HAPS
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Executive Members

AIRBUS HAPS MOBILE P nrELsAT NOKIA

Principal Members

PROCEED

AEROSTAR L Coomini@ e

AercVironment” | CERTAINTY

\

ERICSSON

xmwm als = = ToHOHUE, : STRATOSPHERIC
see) P AIRBUS

General Members

-~
& Carteton DHRUVA m:\
fecR b iy
Y Kea Aeraspace Eﬁ E;:EEZ?; mynq riC décomo Th a IESA/eﬁI a

Space

A e SoftBank

PR P — 0 UNIVERSITY
vAves MW= s ? %}’(_

J—
STRATOTEGIC

dopym MexKayHapoaHOro coto3a 3/IeKTPOCBA3U « TeXHO/IOrMKU CBA3KM byayLiero»

Pecnybnnka benapycso, r. MuHck, 17-18 mapta 2026



OnbiTHaA 30Ha Deutsche Telekom B baBapuu (FfepmaHun)

IMS el
Internet
<€

HAPS cell range > 10km S

—_—

CpaBHeHMe NPONYCKHOM CMNOCOBHOCTU U cneKTpaabHOM 3¢ PeKTUBHOCTU Ha3emHOoMU ceTu u HIBS

—- .y —_

o N .
8 g o o o
T T T T 1

DL Throughput [Mbps]
F-S
o

N
o o
T

2:02 PM
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A
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= [=2]
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Bce ewe Ha aTane co3aaHuA U cepTuPUKauum
netatenbHou naatpopmbli

HAPS Value Chain

Defence Services

Customers

Geo-covera

BB for Remote areas

Disasters & Special Events

-
_____.--
-

Licensing

—_——

—— -
e
-
——

Operatior

Propulsion &
Engine design

. Ground
~ Stations

Genesis ' Custom Built : Product (+ rental) Commodity (+ utility)
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Connected, %!

Sustainable, ) ;
Relies ; Uses sunlight to fly and Has demonstrated almost Provides Earth Observation and
Connectivity:

recharge its batteries to 26 days Stcontinied

100% S B See, Sense
day & nlght Stratosphere. & Connect

on solar power.

Q 10 yeurs

; of research, design, prototyping
75 Kg weight and flying development activities.

25 M wing span

8h to reach the stratosphere

Zephyr is payload-agnostic
compatible with

Airbus in-house OPAZ system
or other payloads

Preparing for operations at scale: Under contract with 5 customers:

450,000 hrs by 2026 Government & commercial
900,000 hrs by 2027 Europe, US, Asia-Pacific
1,350,000 hrs by 2029

OuepepHoit TecToBbiM nonet B 2022 roay npesbicun 30-aHEBHYIO NN1AHKY, Y*Ke npou3seaeHo 6onee 10 annapaTtos
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Knaccudukauma Non-Terrestrial Networks CnyTtHuKosaa D2D cBA3b cTaHOBMTCA KNOYEBOM ANA
MO TUNY pasMeLLeHUA CPEACTB CBA3M U NOKPbITUA CENbCKUX U TPYAHOAOCTYNHbIX TEPPUTOPUA

HanpasjieHnAm CBA3U

NTN in a wide sense HAPS/H 1B S
v npeBpaTATCA B
3GPP work on NTN 3GPP work on UAV Not to scale
v v v v AOCTynHoOe

peweHue 6nuxe K
KoHUy 2020-x

as IMT base station (HIBS)

Air-to-ground
network 20 km

+ 10 km

UAV
(aka. drone) 150 m

—hfjf)—

=

N O6ecneunBaloT 60/1bLLYI0 EMKOCTb U
o @ OCTaHyTCA BOCTpeboBaHHbIMM ANA
ﬂ MaccoBbIX MEPONPUATUIL U

Ground o o
Urban level ypesBblYaiHbIX cUTyaLmii. Takke 6yaer

BbITpeboBaHO gnA obecneyeHusn
TEXHONIOTUYECKOro CyBepeHuUTeTa.

%,
Satellite network' 600 km
" High altitude platform station & above
%
/’[: \ ' N

CnyTHukoBbIN D2D yxe
3anyllieH u B
onwxanwiune rogbl
Nosny4YuT MaccoBYyHO
nopaepXxKy

J

OrpaHMyeHnA N0 eMKOCTU
B cuctemax D2D m 3awura
HauUOHaNbHbIX UHTEPECOB
OCTaBAT HALWWIK ANA APYrUX
TeXHON0ormm
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Ucnonb3oBaHue apoHoB(Ha NpoBoae A0 COTEH METPOB)
Deutsche Telekom ucnonbsosan bC Ha gpoHe BMECTO TeIeCKONUYECKUX MauT Ha BpeMeHHO-

ANA opraHnsauumn ceAs3n Bo BpemaA pa3BepTbiBaemMbix 6a30BbIX CTaHLUAX
rOpHONbIXKHOM roHKM (PeBpanb, 2025)

[ PpOH C BbICOTOM NoNeTa NOpAAKa 2 KM U C
eMKOCTbto 0b6cnyxmBaHma 1200 aboHEHTOB,
200 M6uTt/c DL, 75 M6uTt/c UL
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SoftBank Corp. to Launch Pre-commercial

HAPS Stratospheric Telecommunications Services
in Japan in 2026

* Anticipating the 6G era, SoftBank Corp. aims to build next-generation telecommunications network with 3D architecture
¢ SoftBank Corp. makes equity Investment in U.S.-based Sceye, a developer of lighter-than-air (LTA)-type HAPS vehicle

June 26, 2025
SoftBank Corp.

Height km)

30 Lo
Wind Speed (ws)
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