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3.1.1 3GPPRIEDINIL > 3GPPICHITANTNDEmMERE
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> AN—NIAVHSEEAD BRSO BN < EXI5_ END TV,
(Starlink-T-Mobile. APT Space Mobile, Apple-Globalstarss)

3.1.2 LEOO>YRATL—23> »LEO-MEOIYRTL —>a>MIBEE - ERE(F V). GEOLDEIENEE
DIRDATYT: IVFA-EY  ARL—ATIREFEIN TS,
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3.1.3 gNodeBMiE1&R5T > 5GOE!SHEEEgNodeBOBEIEFESHMRFTEN TS,

3.1.4 HAPSH—EXEF Il > it FEMBOMTEVWSMIE DI THEMEA TV,
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IS CRTOEEDITEE (EBRSLEZST)

OAILI N AN =R IADBEFOHUWEZEY, FEHAPSZSOHIENIFA-EYNEFEOFULLIE
EFBZEISE. TRICBB2DH,

@ 3 GPPUU—-RICEDEFFICRRIN TIEBBYIoTEZE(CNTNZESFHAHAESEL TV D,
3GPP : 3rd Generation Partnership Project (58 =LA DORENMRE(E S AT AOREMIEDAARIREI AR ZITOE IR LIRS FILEZTORE(CARIR)
NTN : Non-Terrestrial Network (GEith ERRwhT—4 i#h k.58 Z(CH2BHAEZEIICDORITBEERY NI -V AT LDFEFR)
TN: TN Terrestrial Network (GBEOEREEZRTRETIBEARKI T ZEMBRERBL THESRY NI —IDFFR)
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5G System features to support
1/ access

2/ backhavl (legacy fransport
network e.g. DVB) with static latency
and bandwidth

5G NR: fransparent payload

scenarios
Support of Smartphones & VSAT

5G System features: support
1/ access with disc. coverage
2/ backhavl (legacy fransport
network e.g. DVB) with variable
latency and BW

5G NR: support Network
verified UE location + coverage
& mobility enhancements

3GPPE#UU—A18ICHITANTNDIRNR (1/2 22-002-R-012
/ 2020 2021 2022 2023 2024 2025 2026 2027
5G phases 1,2 & 3 - 5G Advanced - 6G
Release 17 Release 18 _Rel_ea; 1? - r —Rel_ela; 2? N r _ReTea; ZT _|

Assuming! 18 months releases

) - Radio part (satellite & UE)
(( )) specifications for S and L bands

' 4G NB-loT/eMTC:
rdligiiunio il <-roncerents (mobiily. MAC. |k fenged ) ______
Be fonnones discontinuous coverage) T _ 3
6G: Study on the support | 6G: Define the enablers

I
of NN (including \ forthe support of NIN |
versatile radio \ (including versatile radio :
I

Radio part [sateliite & UE)
specifications for > 10 GHz
bands access/protocol forIN Y access/protocol for TN

and NTN) and NTN)

[aV)
(Central Unit)

5G RU DU

haul
(Radio Unit) (Distributed Unit) el

4 Fronthaul: —» < Midhaul —»

N\ &2 3GPPONTNR#E(EO—RYyD" (L8 : Thales Alenia Spaceit)

1. UJ—X17&18(short termhlr) (. NTN(EE2)eBRMEDHB5GEL TR
DUU—=AERD, NTNOFRRE THAMEIHELE | [ KERRYTS5— |, [RNEHR
BNy EENTIL (NGSO[FEGEO]IVATL—3a A5 K IRECK TS /
NTNOER A HERENEREND FE.

2. BunslE. k#AELTTransparent (BAFHRTERY) BEFEECEALT (LEBRKESR) .

3. gNodeB(Next generation NodeB)#gEZzA>N—REITBLHICHERBERMARLO— R(Non-
transparent)AOZE K12, NGSODNB-I0TDfzDA R & TAD— RiggE(L. UU—X 19L& THISH THRNON S,

4. TASHZFEFINSZAEEOLETO-RIN ROBAERIO-R (gNodeBDiE#{t) #HIEL TARTESEHR kT
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- YY—=2R17/18(%. GEOENGSO(LEO/MEO)FEE(CHITS ‘DY =R 18R TOHEBEIRET -

BIBE! (Transparent, BAERTERO)RAO-FIISR. - NRHILYS DRt
- FRELTTIO—- RN RETOTZITZREL TULVD, - 10GHZ _EOEICBIFBNTNORER.
- BT OEZERREREISTIIGL TS, - Ry NI TIREEENEUEDY — 23>,

- VL5 - ] AP EIEE Ry T 5— - TNENTNEEIOEEYFA.

- DAR&L-ESTS5ZALIL (LEO) - IoTAREGN \LyS03g(t, BE,

- i SRRy R —JENTNRIOY —E R fikie i

- 6GHZIA FE10GHZIL EDRRI ML - YU—R19BRDTFIE :

- EFEEOSVUEDY — >3 S - BAEARALO—-R(Non-transparent)AJ23>.
- YY—Z21 753 EOFERY - ABIA. [EFyTy MR - TN to NTN + YL FA-Eyh 50199 AFT7U>0

FHARZ 1FFE9 DL, BCTE2024F AR D RiAdy,

NTN Basic NTHN Evolution NTMN Evolution

NTN RAN support: Architectures Store and fwd.
features K HNENTHN MBE satellite backhaul Multi-arbit

NTN Advanced] 6G Native NTN

4G IOTNTHN |OT mobility GMSS indepdnt
S5&L bands <6GHz Bands = 10GHz regen. payload?

3GPP Rel-16 Rel-17 Rel-18 Rel-19 Rel-20 Rel-21
specification

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

T
"".-'.-..I ;
L
R &

R17 chipsets K18 chipsets R19 chipsets
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3-1 5 G/6G(<_ =[5y 18 OB
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HsIER " . . . N " I PO
YAFLE EERERRD B-LADESE HEHLE S A £ K PYTTE S 0FHE
1.Systems relying on the 3GPP "NTN" standard
Ex.perlmental Thales + | 3GPP NTNODIZ#4LiE ‘ 3GPP 5G "NTN" Releace >= 17 L% 3 s% AERER | LEOFE, @5H0 o
1-1 |Ericsson + Qualcomm |B)#XIBT3ERSF - [1] #Mbps New Radio (NR) MSS nNodeB #m? (TBC) -
Reference [1.a] BB B - see [2] KeaEEEE (TBC)
Omnispace HEDERAEOFET 3GPP 5G "NTN" Releace >= 17 S band TIHE JO0-FIXYENTN, < 200 LEO
1-2 _ loT - pes P
Reference [1.b] el NB-loT 3GPP n256 Spark-1 et Spark-2 #E + 15 MEOHE
1-3 Sateliot TLIAZH, AWS]EH[F loT 3GPP 5G "NTN" Releace >= 17 - LEO#1E, L L
Reference [1.c] R& DB NB-loT FIEE
3GPP NTNOIE# 1L - # loT, 3GPP 5G "NTN" Releace >= 17 - o BRTEARE, T1YVITN 5G
1-4 |Echostar - Hugh S HESS GEO ¢ LEO -
chostar - Hughes RACERCRIEN | 15ROBBOTAM NB-IoT & NR ® CbEREHR) ¢ KIS EREN ?
2 Systems compatible with "TN" smartphones
Space X and T-Mobile Emv{?‘é*@i Avt-Y, B, B 4G/5G "TN" EPRER Starlink LEO ,
21 Reference [2.a] 2023%FAICHIAFE F-9L-L0&EIE BEOAN-FTAY uplink 1,910 - 1,915 Generation 2 25m T
’ FCCOFERNBE ? - downlink 1,990 - 1,996
AST Space Mobile B0 Bluewalker 3] - FCC HABRASTEYA . 200411 %5t 30
) yir-3 TN & 2
2:2 Reference [2.b] BHETHEREERR xve-3 46/5G"TN ATT cellular 700-960 MHz LEOME 64 m Mbps~1G ZB1EL 93,
1 [k i Tower Vs | wwTn-rio, 3GPP 26 BRBEREALE | LE0 ABEE. V¥ [1mx1m B
" | Reference [2.c] 0); ?ﬁE%Ei\‘,Eﬁ S0 SNS (and 3G, 4G) 600 - 1,000 MHz Ry ARAR 0.15 m)
3 Hybrid cellular + stallite
T —— Globalstar MSS iR #s1E LEO Globalstar
Appl Globalst N 3GPP "TN" %5 A e Apple al toh
3-1 Rp? e °3a sar KENTEEERBLE | BRRSOSAYE-Y + Gl bﬁl'ﬂjz Ei EYEHRLE 1,610-1,626.5 MHz +REPEE - pPie :éoNan'\Tealrs o have
eference [3.3] obalstar TYE#R S% 2,483.5-2,500 MHz (95% Appleti &) plans
. . . |THuawei Mate 50 /&% . . 3GPP "TN" i EEiM EHEERAERCEERERE _ _ _
3-2 |Huawei + Beidu satelite SRR ESMS = Ya-b-Ayt-y + Beidu? AESOTS
3-3 |Iridium? Inmarsat? BFmMERERLEL Ayt-IvJ - ﬁ;ggg:ﬁ;‘i}i}:ﬁ{n - - -

[1.a] https://www.thalesgroup.com/en/worldwide/space/press_release/ericsson-qualcomm-and-thales-take-5g-spacedevice /

[1.b] https://www.thalesgroup.com/en/worldwide/space/press-release/omnispace-and-thales-alenia-space-announce-successful-launch-first

[1.c] https://www.satellitetoday.com/iiot/2022/07/22/telefonica-to-collaborate-on-5g-iot-service-with-sateliot/
https://sateliot.space/en/news-sateliot-space/sateliot-works-with-aws-on-innovative-cloud-native-5g-satellite-network-to-connect-iot-devices-directly-to-satellites/

[2.a] https://spacenews.com/spacex-and-t-mobile-partner-for-direct-to-cellphone-satellite-service/ https://www.lightreading.com/satellite/t-mobile-and-spacex-want-to-connect-regular-phones-to-satellites/d/d-id/779964?

[2.b] https://www.nokia.com/about-us/news/releases/2022/07/28/nokia-radio-technology-to-enable-ast-spacemobiles-direct-to-cell-phone-connectivity-from-space
https://ast-science.com/2022/09/13/ast-spacemobile-confirms-successful-launch-of-bluewalker-3-into-orbit/

[2.c] https://spacenews.com/lynk-global-gets-first-commercial-satellite-direct-to-cell-operating-license/  https://lynk.world/lynk-announces-successful-deployment-of-worlds-first-commercial-ready-cell-tower-in-space

[3.a] https://www.reuters.com/technology/apple-picks-globalstar-satellite-service-iphone-14-series-2022-09-07/
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https://www.lightreading.com/satellite/t-mobile-and-spacex-want-to-connect-regular-phones-to-satellites/d/d-id/779964
https://www.nokia.com/about-us/news/releases/2022/07/28/nokia-radio-technology-to-enable-ast-spacemobiles-direct-to-cell-phone-connectivity-from-space
https://ast-science.com/2022/09/13/ast-spacemobile-confirms-successful-launch-of-bluewalker-3-into-orbit/
https://spacenews.com/lynk-global-gets-first-commercial-satellite-direct-to-cell-operating-license/
https://lynk.world/lynk-announces-successful-deployment-of-worlds-first-commercial-ready-cell-tower-in-space
https://www.reuters.com/technology/apple-picks-globalstar-satellite-service-iphone-14-series-2022-09-07/
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- Telesat [ 54 RRE—=RI1TO-R)I>ORLEOOY AT L —2 3>z A%
- Viasat: Viasat3z3#&F] _EIFHFRER. WiiTLUT. LEOLDHAZETIE I DInmarsatzELUX
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UPINIALEEEER, 11 ERBEREL | RS HERRLTIYETES
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X EFENAKEL
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NTNOIEX->YIFA—EY MEA 22-002-R-012

RFA-CyNTIS BkOEiEmE: LEOBREDgS FYMNI—9-A=5AMN —-23>:

C. BRIJDUTGEORZEICEBYIDEASNSLOCIDE - YINITEEFE T BEL-LASBEOBERCEMRL T

o E=LRA2T4 BN - EREEIRDOHE THULL I ZF AEECEIE ST RHLEE,

ERREaGE - SIEIHRERL, GREU EOA—T AN~ 063D
DRATYTERB.,

NNVFLAY—E: SGPPEABONTNGEI EXRD—T) - SESHEMIBN: SESHGEORE (SES-17) EMEOIYX

T(E. YJ—=X19(C@F T, W _ERILEREH/ LS D FL—3>3> (mPower) BEIOMELSHYLDY) —ZHI1E % BEFE,

HF(CBE I 3T ZRNA

Network Orchestration Layer - MDSO

/" Adaptive Resource Control
CPO Fleet Manager | Virtu'al Customer
Capacity Planning Satellite Netwark
and Optimization ) _ Hub )
ARC ’ ARC
Real Time Engine Real Time Engine
mPOWER SES-17 ‘

Gateway ' Modem Platforms 0O3b mPOWER ' SES-17
Management Network Management Satellite Satellite

Systems I Systems Ground Control System . Ground Control System

\\ 4

H#8: Euroconsult
Modem Platforms & Gateways Space Segment Terminals
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- TransparentDiZ & . Z <D Gateway B HE, T K (. Open-RANJL—LAD-IJTEERING
gNodeBD=Z#aE (CU[HIH]. DU[EE{E]. RU[EER]) NEECEDLNILETEE TEINILUE
PEEYA g NodeBOIEE (L xR T . RARHI(CgNodeBOMAEZE TIEHALLRVLEBEULHS U,

SEZX#EK[2] 3GPPOXETR 38.821

gNB gNodeBEAzaEk
] LI BNEEMTNW

{ELRRL\EgNodeB
gNB+FLC (15 1 (ORAN)DFEULE!
ER)ZxRI, 5G BIIC(FRSTRN,

UE ?
Full gNB b d(*)
 aransoeen ) onbodAPOG meter o cr L

JFF mignt be also Inciuaed

bu . v
< | —» |
{feadio Unig (Distributed Unit) DRSS (Central Uni) DRSS m

Transparenth' 5EEpERIRNon-Transparent4I N\ (SS2RBgNBEEN) HH : ESA
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NodeBOESILDOLANIL (2/3 22-002-R-012
. gNodeB}gﬁ@3b’—Z*ﬁ§q UE I Satellite I(?_a:e_\ﬂiay 5GC: UPF
H—Z1:NSYARPUYNGEB)E (NTN Re17/18%9E)  »-za 20 i b 1
- BIFOGEOBIET5G NRE AT 3TN a4 awmn-s | S (S IS e
- FEAEEOEA, gNodeB - UE “NR-Uu "U>4id. =~ 2X55%0 | [ - 1 B
T4 T4~ HUSIEUES —C RS ORF (CRBET 3R VBT R wel- et i Lol | | |
8T ZNEN D Dok B (O b
- ZX— NIAVADEEFPIE NGB BI0, BAHICEEE eV i

BCBAITIDENTEEIND,
r—2A2:J)lgNodeBiEE,(BER)DIEE (

———————————

r—2A2 POU I
_ \\_ _ \\_I < =1 = ﬁiﬂ | oNB
J—No114 7450885/ IME oNB Wi i |
l

- WEAWTHLUETEORD, ENANTSILTIERABE, AT WenMO- |y T
DRISEEDN SEL = =

“HAFZYIE - LTA-ZDT DREAL, ST LAEEDFREL

SRI : Satellite

- HAPSADZEER(CHIEL TLVS, wdo iy
nterface (& 1T
—23: 823 gNodeBis i (B ER)DIES 2o

- J)LgNodeB THIZAIDEIBN R E BB IBEDEHE e :
- CU(Centralized Unit)zith FAIICEL D T4—F=U>ID ,_55
SEMEI (R AT EIL) BegNe.

- 3 GPPHRIEDER(CHESCUYINII P DEMNER BENn A =i
- DIIRR-ZDT —FTHFrIHEALEERIENTES |
- = R2E3(FFEEROE ZE U _E/HOH|RDER NS |
b —RATIARETHD. 3GPPICHEWNWTERIRIE '~

NR-Liy

Pratoccls of the SRI
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gNOdeBGDE%?A EoLA) (3/3) 22-002-R-012
HEOHHZE
- 3—0v/VTIE. ESA OZIEZS T, I—OyN\THEIOS 1 M FEIGEN TLVS,
- Thales Alenia Space (ZCD5 FF(CFEMRRY
- Ericsson. Nokia. Qualcomm RERFFIEFEIEA— -5

- Amarisoft{®*Serma/AW2SHE, LDEFIMNRTILT—YINITTIRIS —%
Open RAN7Z—FFIFvEFICSHN. ORIV T—HEEET OV )z IR
ZEIRETEN DD,

- FAEOHuawei, ZTEY, 20\ bFr—REOFREDEIT—H T4 -, 5G
2w NI —=H(CBIF 58T 2HIE 3GPP NTNADIBIBSINZE T 3L, Hidan
R D5G/6GERIZTIN T - AT LADHETICHWVNT, LDARZRIGENZRIIES
ABbNsd.
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HAPSOY—-EXET)L ( 1/ 2) 22-002-R-012
HAPS (High Altitude Platform Station : Fk/ERED HAPS(3[ZDEIMS ]

SYRIA—L) OFFE

- # EFI20kmBEDRRBRECIRITAZEEISE ., BEaAE
EOFHR=ZITD

« AX—KhJAIC50MbpsFlzidth EoEDTO—- R/
R-H—-EX%ZiEHE

- RIS (EFEHBKkmM)Z2HN-L. FELNEREE

HAPSLEE L DIFEINB (5 S TIIREHTF)
- GEO: BREREC(E®/\IR—ILRE, [KVWEEEZH/ (-
- MEO/LEO: /\yJR—JLVSATHY —EXREDTEZIENN

ERE (BB Y U — 23> Y IR— MU, AXN—RIASAD
iRt (&RAEIMbps)

IoTH—ERDNN\Ly >zt

« HAPS: A¥—=PMIAVICEDI O—- RN\ R-H—EX%ZiE
MTEREAMNRLAV =48R
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DLCEETEH =N DD,

- HAPS(&. BFFEVEH/ Ly S %F5 DENDI ZOEMF 1 &£
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HAPSOY—-EXETIL (2/2

22-002-R-012

HAPSD#:1ilThY ERzE

- REE(L: iz iA TEGbpsDIAHEE(ER
Bigdina. JA—9-UIDE=FHAPS—EDH
EDOBEDFBICHRVB2IEMOBENET B,
HEBEGbps(GZETZRIEEMEN DD,

- BFRRR: )\ A2 —Ty M ERIN D8,
HAPSDJ4—4—-U>)(C(3Q/ VRAIREFHENEZL
LD, CNBDORERENISRDRZEZZ (I T,

- BORZE: KEIFR(E. HAPSHEDEHLICEL THD.

HAPS feeder (primary or backup)

Hh & DIBEEEBI S, L. EIHSHEMCRE < :
5230]88MN 55, —~ i”
+ INBOBRE(CIU T HAPSICKEEDRFETC % < ) HAPS feeder ~
(BBEERHTIRE R, W F0T—— | B Eocateways (primary or
U5, EEIREEEZBENRRROV \ebd? , Qackupl
EDEVNZ B, :
HAPSLEEY AT hEDY>Y v TS o e
- BOETENTNE/ A )LIZHEN . HAPSTEIZE5N 315 1 ‘;5./ | \ 21 g
& BLUMOHAPSD/ CyIH— AR PLEOGEORE &
@%ﬁiEﬁEE‘CF'eﬁi%ﬂ’ﬂ(C?%‘Shéi%é\d)*%ﬁ%’éﬁ@“o HAPS broadband NTN access (13{
- INSOBEREEE. B4 DEECHEREYR — N, B , | ...}
T, Y—-EZTUPREDY —EZABHHIGU TRIRENS3. _
+ 3GPP YU—219T(&. TNENTN RO RS T4v) 277 . = © I
S RRENZ T, BMBRYNI—) A—5 AN —~33 | ' 5
SR E THBENTAEEND, COLSBINFLAT— i

AT AE, EDEODYU—ATHS. “NTN advanced ” g I~ ,
P6GADIESI THJREICRBEEZBNS, HAPSLBESATLEDY D Hi#8:Euroconsult
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/

3 . $E%§_5 Eﬁﬁwg 22-002-R-012

1. (FUSIC
2. FEERESATI1-)
3. IREIIFABANS

3-1 5G/6GICRFTHEBES AT LORE -+ (p 5~17)
3-2 FRUVMFIEIBEI AT ADTE v (p18~43)
3-3 BRI AT AIOTOTAET - vrvrrerrrrerrrrernrrnnenanees (p44~49)
3-4 BERBECISZFERYNI-JORE v (p50~58)

3-5 BI2(CIBEFEEELXIAT A BRINMEAR - (p59~68)

D
ANST=C
Pr
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3 - 2 %ﬁbb\%ﬁlgiE{E :/ZTAODEJEIE 22-002-R-012
[ (mEER) A
(1) HRICBITREEEEL (ST ERL TV 3B EBES AT A BETSL. £ 155k
IR BN T BHT LB EIBIES 25 LA BT 3L
B, HULEES 27 BV TR BMEE S . RUA(O— RN THET 3L,
(2) 2026~20304% BIEZ LB REES 2T LOMRICBI BN THEEL. TEHBL.

_ (3) RBECHVT, BAOME BHEHHL. FHHE, y
(GAEEBIRR) )

(1) ASTECHMRE I3IEIHRZOL(C. IRFER TERAIN TVWSEBERES AT LALINZIEK T D142
(7277 -RAO—-FHEERSE ) (COWVWTERIER TH D,
HE T, LB AT AVHERICB I IRFTIANDTEZ ENH .
HET. BRNFEEB (U TESA)DA T ESADRFEETEI(ARTES)(CEE T 25AEBZEMP THd.
(2) 2026~2030FDFM(CDOVT. ASTECADBIRZBEICDTT BELDIC. BRFTIRNRICEHT 2IEH
INEZEH>TU\B,

(3) (D()EDHEERZEHECHAD - 55H DD ZERTFIE

& J
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3 2 %ﬁbb\/n_gl_1 Z?A@E’EIE 22-002-R-012

3-2 I 957485V

BEH K

3-2.1 SATALEL  »LEO/MEOEFRTEARXA IS RATL— 23> MEEERE . StarlinkRERSRE _EHD
TOEFTSELH) IR TS,
»GEO(FEARMCHTSEL, &5tim(dSDSECFZIT,

3-2.2 HEDRH > GEORSi3IEFSDSE
e > LEOAMAE (LR #T A TE EREES LUBE TIEADERNH 5N 3,

3-2.3 F—$diq >IBEY-EACEITIE - LAEKRDIFKX, L+ EUF1{EEK. LEO/ MEOT
DE—-LRvEJERICED, BFEBE-ARHSLUCE-ARYEYIHwA
BT TETLD,
>BEDOH_ERICBVWTIE N T1vIZAIEFTFAURHIS T (CEBLUVE-L%Z
7IAA LTHITEHT D EN DD,
> kR R TET I TORYY N+ — R CHEEE (T A,
> LEO/MEOD &SRB EHFEETI(E, €—AffEE BIREHIFEIN AR fifTe 720, i
FRTOSRE(CHIEINNEL RS, #R5TEHIEL TAIZAVTRE(LARETAS
29 . (IAC2022TOFEERLDEIH)
> BERENROBERERD,
RS TOEEDTIAR (BANLRZZD)
SEimTSAIEEFTE (SDS) ([CWABERIAMIEIRCH,
%0)516(LM‘gtéﬂéﬁz'ﬁh(i@(:b\o HTS : High Throughput Satellite
. Ez!:b\:\:-\my}y\yj’g'éjj—iﬁ(i ? SDS : Software Defined Satellite
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3-2 FTILLVVMEEIBES AT LD

22-002-R-012

3-2.1 AT LELTOEFTEH)
(1) LEO/MEO@ERXAAIVATL—23> (1/2)

- RRBBEERXNIVRATL -3 M8 SE— K7y T 7 — MRAUZ I ANEXT. MEODO3b mPowerDE 7tz RY
O BIEFEEFIVATL 232K TERFENTbpsLLE @ LATVIEFLEOTE50msEL T
Q) BIEEEETHE-LTA—Z2) E=LRwES D REDTLFEUT1ZBL TS,

FELEO/MEOBEIVATL-Y3aYDIKIR (2022F3 R IRTE)

ILFYEYT1

ISLs (as of Q3 2021)

capacity

optical ISLs, OBP

Space-X Amazon TELESAT . SES
: . OneWeb . Iridium NEXT
FE/5X-5 Starlink Kuiper Lightspeed O3b mPower
. . B HAEELEODS . = MEO
AVY1-N-% AYv31-N-% . . — LEOTZ
9257 LKL TN RTR TN T a, L. wmwrm |0 0| ceoraunsrak-
" " BRI %R = L&)
HERK 4,408 ¥ 3,236 1#& 650 15 198 #% 72 & 11 1%
(TLEFERE) (>50%) 0% -66% 0% -100% 0%
AFOBERE ~88 Tbps 164 Tbps ~5 Thps ~10 Tbps ~170 Gbps ~2.7 Tbps
(1BEHEVEE) (~20 Gbps/sat.) (50 Gbps/sat) (~7.5 Gbps/sat.) (50 Gbps/sat.) (~2.4 Gbps/sat) (200-315 Gbps/sat.)
EHBEREHTE) ~22 Thps ~40 Tbps ~1.2 Tbps ~5 Tbps ~50 Gbps ~1.9 Tbps
E;&igﬁ\ Ku-band Ka-band Ku-band Ka-band L-band Ka-band
a-v¥-vv9)
gaEs LEO LEO LEO LEO LEO MEO
(BE) (550 km) (~600 km) (~1,200 km) (1,000-1,350 km) (780 km) (8,062 km)
HEES ~260 kg ~650 kg ~150 kg ~700 kg ~860 kg ~1,700 kg
i A2 ~5 years 5to 7 years ~5 years ~10 years 15 years >10 years
ATy —cmszrs) < 50 ms < 50 ms < 50 ms <50 ms < 50 ms ~150 ms
O[Sy Beams: flexible Beam- Phased array antenna Dynamic beam-
AL L Steerable beams, shape, steering, (FBEEL) hopping/forming, TDD architecture, forming, steering,

optical ISLs, OBP

sizing
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3-2 STUVMBIZBEI AT LADRE

22-002-R-012
3-2.1 AT LELTOEFHEH
(1) LEO/MEOEBEERXAIATL—23> (2/2)
@ BIERAO-REIRIRE, KEDNRTDARTL > MGEIBE)EH, REAEL TIE, BAEEECERDFBA TV,
FELEO/MEOBEIEIVATL—-Y3aVDIRR (2022F3 A RTE)
YATLE| gpace-X Amazon TELESAT - SES
) ) OneWeb ) Iridium NEXT
EE/(55—Y Starlink Kuiper Lightspeed O3b mPower
N 6.7b raised si $3.4b raised pre- )
BEEREHL $ raised since Likely internal (from P Internal, equity, debt, $1.8b raised ,
i 2015 (not only . hflows) bankruptcy, U.S./Can. C-band Fully funded (internal)
iHERRE operating cashflows .S./Can. C-band,
= Starlink) . g $2.7b post- $1.2 internal
. 2017
Y—P A4 R EA 2021 TBD (likely >2026) 2022 (polar) 2026 late 2022 / early 2023
Fully operational 2019
HEHRYE-LH 8to 16 (B4R %EL) 16 24 48 5000
T t (gent) & onsparent(genl) & tgenh)& R tive and T t digital
_ . ransparent (gen ransparent (gen egenerative an ransparent digita
BEANIO-FORH P ) 9 regenerative P ) 9 9 _ Regenerative P .g
regenerative (gen2) (gen2?) regenerative (gen2) analog beamforming beam forming
gen2?
RMO-FHEE
HEE 1.5kW (HEHRBL) 250W 3.6kW 2.2kW (1L
(B5)
HEARX Electric Electric Electric Electric o Electric
BtoB, BtoC, . ) BtoB, Mobile and ) ) . ) )
d1-A7-2A . . Mobile and fixed . BtoB, Mobile and fixed Mobile BtoB, Mobile and fixed
Mobile and fixed fixed
. . 56° South and 56° North pol d 50° South and 50°
HNLy I EEE 55° North and South outhan orth poie an Global Global outh an
North south pole North
F-ro148 (1E]RL) (1ERL) >100 25-40 (FE#L) (FE#L)
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3-2 FULWRIZBIES AT LORAE

3-2.1 S AT LhEUTOSFTER (2) GEO HTS> AT L4 (40GbpsELE) 22-002-R-012

| Name | Launchdate | satelliteus

ADZKIC, 40Gbpsl FDBES=%6H5.
2018FELABF(CFT EIFELEFT LIFFEDER
IFEE%RT,
2024FBFIE TV INAB UK IV ADFRBLE
ENKFEZLHHTVD, CNSOFEEDOFFEIL.
SOOIV RICEDIBEKEEZB]E TS,
YIMNII7EERFE(SDS: Software
Defined Satellite) THREBO>TVBIETH
Do

Proprietary Information : Not to be disclosed or reproduced without specific written permission from ASTEC

Hylas 4
Telstar 19 Vantage
SES 12
AlYah3
JCSat-18/Kacific-1
Inmarsat 5F5 (GX5)
Apstar 6D
Konnect Africa
Turksat 5B
SES 17
Viasat 3 1 Americas
Konnect VHTS
Viasat 3 2 EMEA
Inmarsat 6F2
GSAT 20 (CMS-03)
Jupiter-3 / Echostar 24
Satria (Nusantara Tiga)
Viasat 3 3 Asia
Inmarsat 7F1,F3
Superbird 9
Intelsat 42 (SD Sat 1)
Optus 11
Astra 1Q
Arsat-SG1
Inmarsat 7F2
Intelsat 43 (SD Sat 2)

Satria 2 (Nusantara Lima)

Thaicom 4R
Arabsat 7A
Intelsat 41
Intelsat 44

05/04/2018
22/07/2018
04/06/2018
25/01/2018
17/12/2019
26/11/2019
09/07/2020
16/01/2020
19/12/2021
24/10/2021
2022
2022
2023
2023
2023
2023
2023
2024
2024
2024
2024
2024
2024
2025
2025
2025
2025
2025
2025
2025
2025

NGIS GeoStar-3
SSL-1300
Airbus D&S E3000EOR
NGIS GeoStar-3
Boeing 702MP
TAS Spacebus-4000B2
CAST DFH-4E
TAS Spacebus-Neo100
Airbus D&S E3000EOR
TAS Spacebus-Neo200
Boeing 702MP+
TAS Spacebus-Neo200
Boeing 702MP+
Airbus D&S E3000EOR
ISRO I-3K
SSL-1300
TAS Spacebus-Neo200
Boeing 702MP+
Airbus D&S OneSat
Airbus D&S OneSat
Airbus D&S OneSat
Airbus D&S OneSat
TAS Spacelnspire
GSATCOM Bus
Airbus D&S OneSat
Airbus D&S OneSat
Boeing 702MP
CAST DFH-4E
TAS Spacelnspire
TAS Spacelnspire
TAS Spacelnspire

BSS
FSS
FSS
FSS
FSS
MSS - VHTS
FSS
FSS
FSS
FSS
Broadband
Broadband
Broadband
FSS
FSS
Broadband
Broadband
Broadband
MSS
FSS
FSS
FSS
FSS
HTS
MSS
FSS
Broadband
Broadband
FSS
TBD
TBD



3-2 FTILWVEEBES AT LADRE

3-2.1 AT LhEUTOTIREH (3) 75—

22-002-R-012

DRS>ZF AlF. LEOFZ(FMEOT. i E/NMS RSB AKEFREID FRESIRTE. SHEDGEORENSBHKRESRTL (CTRDS) Z2008FN5E

BIRE(CEZLOETREDTH D, DRS(E. FLUANPFLIYI R, A
Y= RF—=H5>TOfHIC. TNBOUIOF A sERSE2EE T
BEEBIREICT B, EEMNICRZE. RYIOT—FHMEEY> I
Oy EEREEZA—-URD. fiofA (FEAT—33>. FEHEE
5. >vNL. BY). 00y b EEBRE) EDEFEFTIVIA LD
HER I BIedICRFEINEED TH oI,

7—¥70Fv

DRSI AT LADBEDT—FF7IFv(d. FEDDRSIS VAR 5%
BEU I E (33 0ER MEEXFERALTVS, DEOBEET
LEO/MEQ#LE DLV EEEEN/IN—FRTENTES, TNSDGEO
BEMFEOH EF (“DRSIA—4F-UIF"- JZHIVELUTLE
HAR) MSEICEATHN., FEALDORERIFY—EX2Z(12EEN
S5RXTW3, A—TYRORREBHICIGUT, cnsoy>s (LEO-
GEOZ/Z(ZMEO-GEO) (FRF& (S. Ku. Ka®) FEITHEL &
T GEFRIMNE) THEIRSINTWS,

Hh I XD MIED1—4-U2IBE0fhIC. DRSZYS3>I> M-I
29— ARL—33>1> 49—, DRSI-H -t 49-hHEFEN3,

{88 ESA

LTV, RFEAOEEIREII-03](&, 2022F(FT5 EiFsNnTz, 3H1E. &
EOFEHAT—23>EDYU>J(E 100% O EREIZEZFE TS,

B EU320165NSESAZIEL TEDRSEVIIHBE DS AT LAZRERULTHED. 2005
FB{EGEO (Eutelsat 9BMEDRS-A. Hylas-3MEDRS-C) ([CEHEARIO-R
wIEE T B, /MO REIL—T-@EimR —REFEAL. SREFRSID>O—- RO
shlcSentinel LEO Earth Observation constellationt—#&(SHERINTL,

= 4> RDIDRSS(Z, 2HDGEORIE TR N, 2023F (LA REN3 T E TH B,
== S, Ku. Ka®DOhtdL>7> 7 2ERAL. YE- MY 10 2T L — 330
OB ANFEMAH 77— IOTMTCULIZRETRENERBEN TH .

@ BA(I20024F(CDTRS (C2F) BETT I —0OEEZITOTHN. S\ RE
Ka/\> RORAO—RH¥EE SN T, 20174E(C5]R, 20204F(C(F. FrttD
DRST&2IDRS- 1EE4T_F1F51., RF(DTRS: 240Mpbs)& 3 (LUCAS: 1.8
Gbps)DDRSAAO— KB EENTZ,

O>7(4. 1985 FNSFEHAT—2aVEHEDIHD DRS S RTLZEMLTLS.
ITEDOMSRSS AT Al 3#DLutch-5 GEOEIZ (5A. 5B. 5V) & f$3k (
2025%F) | $FHCKELT > T7—3TN 7> T RIROELMIE L 12D Y enisei-
ALC&OTHR—bPENTVS,

= KEIE1980FNSDRSI AT AZEEL THD. TDZLIESHIRTHD. IR

= TEOIATAE. 1991615201 7FEDORCFTE _LIFBNIZOMMEREECLOT
ZZABNTW, BRFTO2HE, TDRS-LE-M (3rd tH4KX) (. S. Ku. Ka/\> RDi&E
ERIC2DDRT U T T = wA . RASDOLEOFEZ(CEIFICH —E xRt
LTWB3,

RFODRSS AT ADHEII R ERE

45,000 kmF COIERETIE, CNAOBIERUS—U>Y (LEOGEO—GRND) (BT,
T~1.7 Gbps. Ka/\>RT250 MbpsOERI IR Z L — Ty MHERIFTES,
>JLEO—GRNDTI(Z500 MpbsizE) )

(BEOX/\>RY

FAED LY RiE, F—HL— NOELE, USIOBIAKE (BRIOEIS) . REHIY—CR&IRMET
SEED0H (HIx(E TDMAREDVIFFICAATR) OENEERELTS.
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3-2 FTILWLWEEZBES AT LT
3-2.2 FE205=5E4 (1) GEO31‘%%5F§S 1/4) 22-002-R-012
EHTDGEODH7Z 3H4IEEE(F3,

Manufacturer Airbus Thales Alenia Space Boeing

OneWeb + Skynet +

Bus legacy Quantum + Eurostar Spacebus 702 + O3bmPower
- Inmarsat GX Flex (x3 _ _
1rst client Inm. F7) Astra-1Q WGS-11 (USSF)
1rst launch 2023 2024 2023 (mPower)
. Inmarsat-7 F1, F2, F3 Astra 1Q
Total unit Optus 11 Y SES 16
sold 7 Intelsat 42, 43 S intelsat 41,44 1+11(MEO O3b mPower)
Superbird 9 Arabasat 7A
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3-2 FTULWVRIZBIES AT LORAE

3-2.2 FmEDsFEM (1) GEO31‘%7I‘§S 2/4) TI7)CA%t Onesat 22-002-R-012
I I

Onesat(d. Airbus Defence and Spaceft(C&>TGEOEERICHFEEIN.
ZOEME, SARIANEREIANZHK T Do, L, T2 1), RETHHE
EETO7TO-FICEDIVWT, TRICEEBKOIRER T Y NI A—LAERAFEITDIELT
»Holto

20194, 1>VIBYMNE, 29232 OZ-X LISV THN-EEH, BE. BEREZHE
B HeEER DRI AKa/\> MaE3ZFEUR.

20204, A—-RRSU7DEEIBEFEEOptustt (. KuFsThuxeIO—- R/ R
DVHTSZY> a2z #AEDEIFEE1# (Optus 11) ZFFEU,

20214, 1>FI By N, BEGEY-CXTON\(F-DRIERY I NIV ERL
YD —JmEIFC, OB CMFI EE 22 FIEUIC,

20214 ZWN-ISATHRAEE(F [R—/N-/-ROIEE 1%, #E HERE
#h FEIXD MDY —EX-BR- ML THRIEUL COFER. JILTSH)E LB
BE R REBIEREZET. KU/l RELMBEICLOTEKaY R (HRBIUVETS
7) THOEBSLUTO-RND RIS VBT ZFETHD,

Ty IA—-LABRFEOBR(E. HMMNRTSY NIA— ADRET 2R FEE. Onesaty”
JTO—F%BJEE(CT 2T T 2L THD. CNICE. TER—IRIEEORRFE.
KRR TEERMIEYIZZ X 2 T IRIBISEDRIF. AEIEIS 2T ADBEF. E5(C
RS AT L, BERHEES 2T LAORRESLVEIREHEEZNES TN S,

DPS(Z. #iE_ B LUERMNRENE FFH(THE DA ROFIEHZI TS RHICERIN
2. COIATAlE. I-0ORF—THFEINILEOER—Z(Z, FTULMEEZEDOHY A XELUR
BEOEESITROICHEREINZEDTH B,

Inmarsat Inmarsat- GX7, GX8 2019
and GX9

Intelsat Intelsat 42 & 43 2021

Optus Optus 11 2020

SKY Perfect Superbird 9 2021

JSAT

2024
~2025

2025
2024
2024

eDPS (Enhanced Deployable Panel Radiator) (&

BECDERBEAENZIRHEIZIEDTHD.

OnesatO#m TS5y A — ©EHEET —FFIF vl 520

FERT—FTIFvEPDINSIBRIN TS :

+ Onesat ANSIFV, CNIFEBEERA(O-REZ X, AFY

JUIEEDFEREZOTY heDA>5—T11 AEBICT

3.
o RAO-REHEERRICDIDRAHIHIDRE

« FI5 LIRS OEEZERE S SIS AL ARIEAS

’-c,:s-«

ARTES project (source: Onesat Platform and Propulsion Development | ESA TIA)
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https://artes.esa.int/projects/onesat-platform-and-propulsion-development

3-2 FILLEE\BES AT LT

3-2.2 BmEOsFhEH (1) GEO3t#1E(3/4) HL R4t SpaceINSPIRE 22-002-R-012

AR=ALYRA)L7 (INstant SPace IN-orbit REconfugration)
Space Inspireld. $hREVY - ABDZRB{LURNS. EEPZ-XIISHUTIY
A EBEY-ERZEE L TiEEN (B TS 3R iR I 3 EzB
0. Thales Alenia Spacett L o e
20214E(C(Z, Intelsath'SIntelsat 41 (IS-41) &lntelsat 44 (1S-44) & =
E%ZEU, B4, SESIZSpacebus NEOFSwhJA—/A¢Space Inspire®?2 — ———
HEDBEEASTRA 1PLAstra 1QEZNENFEL TS, Spacebus NEOD"?WI\ Sl e b Il
IA—LTOREBREZEN ., SOERIEOHIFEEFFEITIENENTHS. TD s spsoe
#5ER. ASTRA 1QIFASTRA 1PEEIVBR (/LK hy-R—L (DTH) B
) TIEREN. EICEBMN TS LIS,
COFE(L. BB L THRRICEITHAINAXAIEE THD. KR, 20D ATLUY
— 20 —EREALFVIICEE I BE T, MOBBMENDRERNCIEECRD.

2022 X
Arabsat ARABSAT - 7A 2022 2025

20224, ARABSAT (HER-7JUhttisiO X FEEFBEFZEE) LThales
Alenia Spaceld. v 3> %zKu/\> R, #B1ZvS3>%C/I\> RTERIS
ARABSAT-7AQOEIEEEKI(CEAENIUT. ARABSAT-7A(E. ARABSAT 6ALEEIC,
FonI X ZARABSAT-5ADC/UY REKUNY ROBEDKREI D ZEZHA DT
EThdo

[B€E. SESIEThales Alenia SpacelcKu/\> REC/UR CREDSGEI) D
SES-26Z7FFUIc. COFEE(L. SESONSS-13HEZESIRZ 25D THD.
SES-26MERBE/MIE. I—0v/N. 7IUAH, R, PSTRXEFROBOXF. X
T4V BESBESE. 1O7-Ry N—-EXT0/\15 -, BRFHEREADIRL L]
ST OYEES LMETY —EXDHERIEHL R TH B,

Intelsat IS-41, 1S-44 (source: Thalesgroup)

| Frequency] JAnalog-todigital] Szl ig‘ttd bijnfft’;njing_ Multiplexer |—] Digital to Analog] | Frequency
& converter Conversion network/switching Conversion converter o
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3-2 FTILLWEEZBES AT LDRE
3-2.2 FE205=5E4 (1) GEOB%ES 4/4) N—A>J% 702X 22-002-R-012

702XT 5y R IA— Al R—12INGSOS AT AIAERT B8, $F(C
R—A T HCEOTERE TSNz, ZDERET(E. 7025w N JA—AEO3b
mPower MEO> AT L= (CLTWLB,

702XDiAMT(E. TIZOIRICIEHU T (CH gz EINH TAIed(AF
SNB3FETHD,

702XT 5y IA—LADMEO MR (FITICEESNTHED. T3YRIA—LD
RRFAUIERETE . BETOTRADIA MY IOHIRORR I EE T TV B

7I"§—4 >JE COTZYNIA— LEFEBRUILRYIDGEOREN 20224
(LERIRIREN 32 BELTLS.

MR—A >t/ NBGEOFE L., EARITHI1900kgDEE T, BHIOY
SLRIRERYI NIV EEREIRI(O—-RTHMEIN S,
702XDORA0—REZ1-JUZIE. TSI TE5000ARDE — LK T2
JI—XR7LAT7>TFHMERENTWLS,

Hi84:Boeing
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3-2 FTILLEEZ2\BES AT LT

3-2.2 BEO=IHEH (1) LEOKFEMFI(1/4) Starlink 22-002-R-012

AH=U>)(32020F8 A ICPRERERHICEARLEN. 2022F1R(C(&
24 NETHATE 3L,
Starlink(3&5t1,933HDEEZFT5 LT, 2055183 BN RAE(Z
AREEL. 1,837HNENE LICPRoTUL\S,

TLEDT—H(CLBE, 1,514 # OBENERBECHD. ZT-U>J#(E
BIEH (C20°RIfR C18 DFHEZEEL. BT —VICRARIEDOT
RFHEZIZFCEREL WS, INSOTREIER. SFREURZEDIIIR
(CICAEATE., FERELISUTY-ERZRML . S2RIBRI L
HTES,

181 2 [ 8 5 ISLZEER T 3ed(CHT 5 LB NIcBEDOHIC(F. 2580E
ExRERD=E (540kmE400km) (CACEL. IMETHROARSIDFZEIC
DVTHEHROFFIEZ AN R EDA IR R ERZ AT OIARIC, BBz Ef
ARUIEEDEHD.

IRTE. IBHERRE TRAERNEA TV SERHEN 265, BB REERE
i CTRZNIBROEEN13HH 3.

R [ R = TR

Mass at launch 295 kg 1000 kg

Artist view of the Starlink last generation satellite ngg SpaceX

48 TX + 16 RX spot beams, Ku 64 TX in Ku + Ka bands, 16 RX in Ku + Ka

Customer segment RF band bands

iy SaHTET 2 full duplex Ka band parabolic 48x TX + 12x RX spot beams, Ka + E

antennas band
Total throughput 18 Gbps 80 Gbps
Operational altitudes 540 to 570 km in 5 shells 340 to 614 km in 9 shells
Operational lifespan 5 to 7 years 5 to 7 years
Co-frequency beams UT: 1 Ku, GW: 9 Ka UT: 1 Ku, 1 Ka, GW: 32 Ka

per cell
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Figure 2: The Inclined Orbits

Figure 1: The Polar Orbits

20204%5AH. Telesat(IFCCICX L. KamseDIV AT L —23> Y
AR%, E1IJT—XTIX11 70529814, 55271 X T(FEB(C
1373 HEZIEN I AL OB B ZzIeH U,

hFABF(ZLightspeedIC14ERIVEISE T 22 RAL.
Telesat(dLightspeed\DiGEEEREL T2026FmEANHHE
R EMMESSERIVERITIDERRKRUL.

IR1E. TelesatttlIKam CiEAI 2R E 2144 (LEO-1)
=I5 _EF BIEREE PN - N — (93T EV AN —23%
EisL T3,

1) 2) EsiEh;
SEABRL A 2TEA 5. BUBAARIA00. SEEDHIEL 37 45 (Lans IR et
DIESIFEND. Ka/ty REV) U RERICAER B HEBR T Lightspeed D81

BHINSTFETHD.

Proprietary Information : Not to be disclosed or reproduced without specific written permission from ASTEC

30



3-2 FTUVWEIZBES AT LORAE

3-2.2 BEDE=MA (2) LEOKZEHI(3/4) OneWeb 22-002-R-012

OneWeb NGSO> X7 AlL. Network Access Associates Ltd (IH
WorldVu Satellites Ltd) h'i&5t-FHF - ER%ZITOTV%, 20124
([CERYZEN. 2019 (CRADEEZFI5 LT, 2020F3 8 (CHEEE (PR
oz, [Eft(E. REBAT. 1> ROZEFETZETHDBharti GlobalzH
IDEUIEFRTERBEARI N -TH B I 2EIEZ RNz TNETNHNE42%
O ZFRBL TS, VINIIEFERDD1 2% D 2= B L TUL3,
COEEEETVREEST, OneWebld&5T3940EE%2FT5 LI
THED. TOI51HEILEL. BREEDFETHD. ERASEORFZEE
16HEDIREEA. 1200kmicHD. WKOHQDFEEFEIBIE LIFBN.
ERANREEAOYMNIBELESND.
TLEDOT —4ICLBE. 358D BEMERZE(SGEL TS,
OneWebld. ZFENEME(C10°MEIfRE T36HDBFE EZACE T . IRTE.
AirbusttEfFFEL TUVVREEREESET - BIEZ2HII900#THD. D55
252N FREEL LT, BEPLISEUBZEORB(CEREINZEHE
Az,
OneWebBIE2RINEEMIBEISLIIETEINTHS T TAMEINTUL
BULEs, FEFHMIATO— ROIZSHDT — NI (TAKTFL TV,
OneWebl(3d. 2021 FEXRICEAHDOEBED 1IENHPEL . AR—XTTUBR
EICRAT2RIAZIESTL CIRBNES B3z iREUT.
OneWebl(d., 20221 B(CBTEMA TV ZFBULIEOH T, FIZEAY
—EXZBIBLTUVRW,. =YD AR (32022FFtEZFIE,
OneWeb gen2(32025&(CFESN TS, OneWebhERZRIAL
EREDI/N-23>THhd. E=2150kgT. ZU/NMFTEDKaET — KD
IAVIVIAT T H2EE, BEYAADE - L©ZiFOKUE 7T 28 %
@z, JI—TEUTEIALEHC10°DRAT 7> Ne]BETH S,

COFEE A= hYh—& UFILAASERZENNIRETD

FLIDTIAEESZT L (PPS) #FBEHL TS,

BEEE2DOTTRCEIEMMET > T T EEH LTV,

LZEVHIENC(E. PPSRSRAZIED T . wEREHIHSR NUATHR

NIBE- ALK =)= fERHTS.

BEEICL KuFB(ZF16Ba0TA0— R AEREDIEERS
(SSPA) | KaFsIC(F4EDSSPANEEINTLS.

eft) Oneweb satellite stack

(source: defencehub)

(Right) Oneweb satellite

(source: Aerospatium)
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Fig. 6: Average fraction of served users N,.,yed/Nusers and normalized power consumption P/P* scenarios with
245 and 330 users and high uncertainty (results for 10 runs). P* is the power consumption of an ideal case

with no uncertainty (in green).
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