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Lightspeed - Incﬁr?erd - 1248 rknm Ka Band commercial No direct ISL link between Polar and Inclined

4x Optical ISL 10 Gbps inter and intra plan

: . Ku Band commercial User
. 30,000 satellites LEO Constellation . : . .
Starlink V2 in 9 shells between 340 and 614 km Ka Band commercial Feeder and 4x Optical 10 Gbps inter and intra plan

User
Oneweb V2 1 LEO Constellation 6372 satellites Ku Band commercial Optical ISL 10 Gbps
Kuiper Amazon 1 LEO Constellation 3236 satellites Ka band commercial No data available
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e 15 GEO satellites W el 1N o e [FLIngSs New tentative for ISLs between GEO and LEO
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Orchestra Ku GX GEO satellites constellation

Terrestrial 5G
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SDA 500 satellites Optical link to ground terminals
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¥ * MPLS: Multi-Protocol Label Switching
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AVR=-FOBPHRLT-FTIFv(E. BRRERDERFZEZRES
EDOD. EEaEELOSIBLEID S THELILTNWS,

BEGERORENMLE B EE QAN

DTP REE (#+/#8Gbps) hO7— ’S@ELD‘_Jﬁb U7 WA LT —SEHE/ TA—Y M XAXE
I/OENZ W (1IE-LHIN2R (RX. TX) UEH
NITAHIEN2R) DCEAONESVEBEW (> BRAZGbpsDHi S
500W) =DC/{J—(~200W)

ADC High speed RF ADC with Nyquist typically No high RF ADC required
in C band, providing up to 3Gbps per input

DAC High speed RF DAC with Nyquist typically N/A. Data input depends on EO

in C band, providing up to 3Gbps per payload
output
ISL I/O ~10 Gbps per link ~6 Gbps per link

Router Telecom router including management of Router limited to other satellites
QoS and complex queuing systems (one and feeder (no multibeam
per beam - could be hundreds of beams) management)
and handover management

Modem Full range of SNR has to be implemented Limited subset of MODCOD needed
to get the highest flexibility and provide (only feeder)
optimal communication. On-board system
for BB framing

Memory Few Gbits of memory required for the Big (several hundred of Gbps) and
various queuing systems ultra reliable memory required
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[Courtesy of Mynaric]
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1. REIEHERSAR. LY -FEECEDIVTHED. EHEEREDIHNDGRACENL SRV I TEREEN TS, 2D0DFE
E(C200MEREAL Y -%88955E (BLERL—T—LEMRPLLIYI-SaoME) & 1DRIESTZAE

(BOVIE-L2ZANWAE : 500kmE EDIERET(FIFEICHEE) MMEREINTLD. RIEDFH TlE, 1D0OXISLZRIEELE

ECERFICERTBEMERINTVS, CNIE248DMEOBES J5—-GNSSIV AT L -3 0T —ATHhs (TRESRE) .

L—Y—BIE - HEE O DS
2. ZOYSADTTER 2D0FER THPI7ZRBEU, TOEHBELETRAE I DECEINTVS, CNFFREMRAALEATTHI.
RF ISLTIRAIAETHD. DOWR (Dual One Way ranging) T(&. &EENMAREESZXD. AIFEUAABEREZH
FSEOTERREZHETE T D, CDFFETIR. 2DDFHEORCRIFBRESNMVEL, —73 . MAMORIEARICEIOLIBRR A
W20 NI, AR XY — SR EENEE B DZEDHE DRI ZRAE T 20D THD. FEMOREADEREZAZRT DIz

(C. BRA BREEMERIN TV,
COISGRIEE(L, SAINIFEEZ _EIF31-dICGPSZEMEHABU TERIN3LEH D,
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ZEDOEDEHIRR
R RAYDLCTA—h—24HE7AUNICHLSEMEE  Tesat (1, Mynaric (2
ESAZE3E : Hydron
>|< [Old Space] TDRS

[A—2>] NDSA Transport Layer {=iEfIFEE7O0—F
[70—X] Starlink, Kuiper il FCOTSmELES
[R&D] DARPA Space-BACN

FEREIM B it
LCTRDO 3 ZEDHIE
037 EEH=N R GHMA<EA
(V951 FA DRI A F. RmOFRERKREHIHD)
|:|:| =R GEHIANEA
(IBIRIIDRBRVEDD, FRIIABHNIED TVREHEREIND)
1> R FE= MR GEHIANER
(FARMOREKRBHERL, b, MynarichhEHEDEREDHD. BERFETIEA TUORVEIHEREN
%)
H 2|§ [R&D] NICT Beyond S5GHAZTHAFIEETESE B, NEDORBELZEREEERMMIEK IO A 4]

FEBEDIT7HAMTEUEFET — IRk —EXEZADS ANERL

Reference
[1] https://www.tesat.de/news/press/925-tesat-spacecom-to-establish-us-manufacturing-facility
[2] https://spacenews.com/laser-communications-company-mynaric-opens-washington-office/
[3] https://www?2.nict.go.jp/commission/B5Gsokushin/B5G_ keikaku/r03/B5G_006_keikaku_g_ver2.pdf
[4] https://www.nedo.go.jp/koubo/SM2_100001_00036.html
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3-4.5 XEBEICLDFERIV >V (ISL) Ok DZEHFEH;IRR 22-002-R-019
KEh7dY HFE+ RIS —N— | KFE+ IS N— | HFE+ DS -N— | P+ —N— [ RFE+ S -N— | HFE+ IS N— | HFEB+ SIS -N-
fEX—-H(E) Tesat-Spacecom (¥#) Mynaric (3#)
;//};%URL https://www.tesat.de https://m na/m'c.com/products/s
pace/condor-mk3
Tosiris
pidl]
B LCT135(SCOT135) Smart LCT (1SS EFEEHET) ConLCT (SCOT80) CubelLCT CONDOR Mk3 CONDOR Mk 2
IMER
350x350x200
) . FEFEB:500x180%26 HFEB:344x210x170 | #i4mEmA:533x272x230
g4 Z[mm] 600x600x700 max/unit 280x200x150 | g 60x110x175 90xI5x35 TR 150x170x207 | HIH180:340x259x163
4 unitiBpk
= FFEB:6.5kg
H=lk 53 30 8 P . - -
Blkg] BXFE:8kg 0.397
- 60-80W(F—-4L—NZ&L3)
BAIW] 152%\\’;’\/ ((accg:'fr'go”w;‘;‘;ie)) (Cloim nngé) 40W (2D 10W 10W (E—%) 3w 1w
' ' BSKFE:54W@1Gbps)
EREFEE GEO LEO LEO (ISS) LEO LEO LEO LEO (500-1,250km)
2.5 (>10,000km)
10/5/2.5/1.25 Gbps Up to 10 Gbps fully
e R (LEO to GND) N support SDA T1 and 1.25 (5,000km)
{EIRE[Gbps] 1.8 (bidirectional) 1.8 1Mbps TC ch. 10 (bidirectional) 0.1 TO data rates
(GND to LEO) Up to 100Gbps
(option)
ZERE[Gbps] 1.8 (bidirectional) — — 10 (bidirectional) — — -
BIREE[V] - - - - - 22-38V 28V JZF)
NN According to CCSDS 1,553/1,536 nm 1,553/1,536 nm
x =3 — —_ — 7 7 ’ 7
E{ERS[nm] 1,550nm (Telecom C-Band) band band
80,000km
! 45,000km 1,500km 8,000km 1,500km
TEFAEEE GEO-GEO / GEO-LEO / y ! ! ! - -
GEO-fiZet / GEO-ith | LEO-GEO LEO-ith | LEO-LEO LEO-LEO
Gigabit Ethernet,
F—HI/F LVDS / Wizard Link Wizard Link Esthaeg;‘;lz:rr Ethernet U;\{Rgs(gcr’;ﬁ/t?é) - compliance with the
P 802.3 IEEE standard
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3-4.5 Xi@{Slc L B3EHERY > (ISL)

@ JEimAR D EHFH AR

FH
NW

1121314 56
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fgh7d) HFE+ 52—\ — HEEB+ ~5>—/)\— HEE+ ~F>2— )\ — HFE+ 52—\ — HEEB+ ~5>—/)\— —
Hyperion
NE Beijing Laser Starcom
s Technology(3K) Skyloom/Honeywell( _ _
HUME = ==
HEXA-H(E) AL (L) AAC Clyde Space(Z %) MOSTCOM(E&) MOSTCOM(E&) Technology Co., Ltd.
T ()
JI-7)
https://www.aac-
lyde. ho-we- [https: .skyl .
BZURL cyde.spacefnho we. | Iips: e shyloom.s Home-MOSTCOM(moctkorm.ru) -
are/our- o/technology/
brands/hyperion
B OPTEL-p CubeCat V'Ger10 SOT-90 SOT-150 -
AN -
H4Z[mm] 207x277%65 96’(‘38’)‘96 - 450x300x380 600x400x480 -
BE[kg] 8 1.33F — 16 40 -
BAHIW] 45W 15W - 60 100 -
ERGE LEO LEO — LEO (ISS) LEO —
10 Gbps
KSR E [Gbps] 1.25 Gbps 0.01/0.03/0.1 Gbps - (upgrade to 100 1.25 Gbps -
Gbps)
Z{E#EE[Gbps] - 200kbps — — -
EBIREE[V] - 5V - - - -
XERER[NmM] 1,525~1,565 — — _
S G LEO/H_E 1,000km - 5,000km 50,000km -
(LEO-th ) ! !
F—AH1/F - - - — - -
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NW
3-4.5 RBEICLIEEMUSI(ISL)  GHEHROEEEEH KRR -002-Re01
. BIS(C 1R/ > ( ) Uy N z 22-002-R-019
BEHTI) XZHEED FXZHEED | FXZHESD | FEAMP | FAMP W ED
BEA—H(E) NEC/NST (H=)
OGL-OTRX OLL-OTRX HICALI-OTRX OLL-OAMP(EBFEE®) | OLL-OAMP(EBIRESD) OGL-OPT
B E3593 E3597 E4359 LNA/HPA
g
. AMP:290x231x198 AMP:290x231x198
745x570x1,038
H4X[mm)] 340x360x390 340x360x390 270x377x390 TR 420141240 | EIEEE:420x141x240 Xx570x
AMP:8.98 AMP:8.98
B=[k . . . . .
Hlkg] 19.9 20 15.9 BEES:7.20 EEES:7.20 737
AMP:85.5 AMP:80
BH[W 1. . . . . .
BAIW] 6l.6 66.42 94.8 ERE:28.5 IR 45 10.31
EREE2 GEO LEO GEO LEO GEO GEO
RERE[Gbps] 0.06 2.5 11.1 10 (bidirectional) 0.1 1.25 (5,000km)
ZEIRE[Gbps] 1.8 0.06 10 10 (bidirectional) — -
BIREE[V] 32-35 48-52 96-103 - - 28V J=FH)
NN According to CCSDS 1,553/1,536 nm
XS] - ' '
REFRER[NmM] 1,541 1,561 1,541 (Telecom C-Band) band
8,000km 1,500km
12 PR &0 - - -1 ’ ’ _
EFHEEH GEO-LEO GEO-LEO GEO-ith LEO-LEO LEO-LEO
F—41/F — - - — — —
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TESAT (ﬁﬂ)

> BRMNICHIFRBEEFBERARMIO—-RMERROTEHA—H—
> MIEBEMIRCOWVTE. GEO, LEO, F1—JHYyhNHFT. &84
VWERICHIGT 3L — - R EEF 2 HFE

N © o

LCTI35 Gigabit Inter-Satellite Link (ISL) for Data Relay on GEO
S/C working as reliable backbone; core element of the
operational service for the European Data Relay
Satellite System (EDRS); 14 flight models delivered / in

production
Smart Earth observation LEO satellites connected to GEOs in
LCT70 data relay scheme 1/ LCTI35 - 1.8Gbps @ 80,000 km 2/ Smart LCT70 -1.8 Gbps @ 45,000 km

SCOT80 LEO Broadband constellation

Cube CubeSat LEO to ground laser communication solution °
LCT based on TESAT's long-term industrial experience and
DLR Institute of Communications and Navigation‘s e

research knowledge

3/5C0T80 - 10 Gbps @ 8,000 km
4/ Cube LCT - 100 Mbps @ 1,500 km

[Source — TESAT]
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Mynaric (%)

> FHBERYNI VAL Y- @EEHEEA-N—

> Mynarlc%‘j:tZ/\ —2U>H%t(E, 2021F8HICMEO OISLICEII2&iE R
ZRFRUR, $8325F8A(32800A KL (F930/EH) -

> Mynarictt®Condor Mk3ifz(d. Capella Space])Z?I/—*}a‘fC‘B@
FAEntua,

Application

Cond This terminal is built to address the LEO

or market of next-generation satellite
Mk2 constellations. It is fully compatible with SDA
tranche 0.
1/ Condor Mk2 — 1.25Gbps @
Cond  The terminalis an evolution of CONDOR Mk1 o e 5,000 km
or anfi SDA Tranche 0 compliant Mk2 terminals. 2/ Condor Mk3 - 2.5 Gbps @
Mk3 This terminal presents a much smaller
. 10,000 km
footprint, lower mass, and lower power
tion. Th tile terminal
consumption. These versatile terminals 3/ Electronic Box

enable intra-plane and cross-plane inter-
satellite connectivity in various orbits and
Space-Space, Space-Air or Space-Ground

communication. Mynaric claims a data rate e
up to 100 Gbps which seems quite high and

is probably available for short distances only.

[Source — Mynaric]
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ALA/RUAG (A1R)

> ALRTULZT AR—AAA AL T FH
OB EMISORMITM > 7B,

> Lightspeedd> X5 —23>ADOPTEL-C
ImADFFE - BEiEH,

> [EEBPY(Z. JT(FRUAGHICEL. LEOD/N
S EH(CERETENEOPTEL-pZE R L.

> SEERICThaleslCBIREN Tz,

OPTEL-u : Optical head
installed on a smallsat

OPTEL-C (source : ESA) OPTEL-u : detailed pictures
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Cailabs (1A)

> ETETCEEP Mz EFE. TILBA-ATMO(%%E':%)

> TILBAZ. ROREEEGHCERAE. 5. > GEXBEOHLESAFARL—H—F -/ 5fee
L S 2 SRR A i =Pt 1 > BENMSOIGBEATIITRETIATICLD

> RS, M OYIESR D (L T E—AE— ROBNEER T ZHOTS 1)l
BN, B4 BFENHD. > L—HY—KE1,550nmICH it

TILBA 1B/t 2/ ZE ] 31 AR (L #E :CAILABS ) YL F T L —> - Z 1
(MPLC) I, HDE—FHBETL. VINFE—FEMRETICL T, FF L#:Euroconsult,
HES T NE—RITPAL/V—(SMF) [—BH T B TILBA-ATMO(https://www.cailabs.com/en/product/tilba-atmo/)
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HONEYWELL / BALL AEROSPACE ()
> OISLimzk (A& FrEOEFEATIATL—23>HhiE0

—-ZX&EiEEST VIO NI -3,
> CDimARDIERY

o ATF4HI AYR 1ZyMNOHU) : BERZEREXI7AIN-D

A2A—=J1—R

o EXZER  HEEBEIDAHA-TI—R

o HI{EHEIEEES : OHUZ 1
> OHUIZ. ERiR(CIEGHi I 2> /UL =5 —THapkan. ifie- 18

P A7 \(OPTRAC)(CHEST I 3.
> V)V MROPTRACIZYNCIE. bovE> Tt Y — JrA> ik

A TAIIHEIE IO RPAYREIE. FroRIV gk, S I74

IN=HyJUTHhEFND.
> COUmARIFED 1-IVa"ET(CR>THD. 4%&0)770'}7 —23aIcE Honeywell OISL

DRINRAINAZ N ETRE, BIZ(E RRER, 79— EF
LR, EREFRZOYA ADEERE,
> BED1T-ERETICLD, AL TETAMBE R (D, FENLT
SIZPIIJARANERIMETBIENTED,

Three different aperture size configurations to suit SWaP
constraints :

e High-speed, low power communication

e Full-duplex communication

e Fast and reliable link acquisition

e Independent pointing (does not rely on platform
attitude control)

e Variable transmitter power, adaptable for data rates
and operating conditions

e Optimized for cost-efficient volume production

e Modular design for adaptability to specific missions

e [TAR-free
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Fibertek (CK)

> BRARBRTSVRNIA—LBEFONFHEZ T,

> I TICNASADCALIPSOZY av(cL—H—#2szijitLT L3,

> [BEHDHXA—ZFIL LaserCom(d. NASADAER R 1223 g
BleHICFHEFEEINT.

> U JEXyS 10 MROS —Z2HR— KU, FBUVIRA > T4 I (CETRLOD
Bz fER,

> ET1-IILXTHILRENSHD. LEOTERA10GbpsDi@{ENEIEE,

The lasercom electronics module (LEM)

It consists of the power distribution unit (PDU), RF modem with optical transceiver,
erbium-doped fiber amplifier (EDFA), and a system controller. The PDU supports 12V
or 28V unregulated bus supply and provides power to all LEM and LOM subsystems.
The modem has a Gigabit Ethernet (GbE) client interface, field programmable gate
array (FPGA)-based encoding/decoding, and an optical transceiver for the FSO
interface.

CubeSat form-factor for up to Gbps data links from LEO to GEO orbits.
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AR=ANAL90 (K)

> FEHRAL-Y-8EIATACE
fEUle=tt,

> BEftOimEKE, FEFL, HN
D=7>T, T4, 7OA
>3y, FvEIJ(PAT)ILY
NOZOXTHER SN TULB,

> I\ A2 —TvNERE.
400Gbpsl EEENTUVS,

CACI INTERNATIONAL (K)

> CACI internationalld, 2021%12H
(CSA PhotonicsZE&URL, TARZYD
axat - RmAFE(CFHMEUZCACI's
Photonic )l —J %5837,

> 2022F5AH(CF, KEEFHFLED
LEOTJOC1/ T, FHEYCBEEDTE
AN =23 % E .

FH

BNk D& EEEH AR 22-002-R.019

ULCT Laser Communication Terminal, Single aperture
Single Aperture Optical Head Assembly capable of
providing full duplex GEO-to-GEO crosslinks at
80,000 km.

ULCT Laser Communication Terminal, Dual aperture
Dual Aperture Optical Head Assembly, ideal for most LEO and
MEO applications. High throughput connectivity to 400+ Gbps

CrossBeam™ system for satellite crosslinks
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[O0>7] HEEBHEDEE

10Gbpsfhk A BIEREDHFEZEiEF. AFrIEELFRIIRERN,

§4 The terminals are intended for the organization of high-
‘ D/} MOStCOm*j:(gcté'fn]E Fﬂﬁjl': 'fl=l speed communication channels at distances up to 50,000
Fﬁ% [1] km in outer space. The equipment can be used both in
bas intersatellite communication channels and in the Space-
. Earth channels:
B International Conference SATELLITE RUSSIA - unified optical receiving-transmitting path and service
AND CIS 2021_@%2‘% information exchange protocol for any application scenarios;
« function of measuring of the mutual angular coordinates and
u 6ED‘U_C{:‘IEFE5 4.:.)55%’5’ j')l/@ﬁﬁ%(zﬂwo%ﬂ/u the inclined distance to the subscriber;
* hemispherical viewing area with a double loop of the
TLVWD direction of communication stabilizing;
- . /- e  possibility of increasing the functions of equipment,
B HFEC6DE, H—FY H&"é]EFEﬁ B2t FEEEE considering the introduction of a quantum key distribution
ADE and video surveillance system (ERS);
« the best transmission speed, dimensions, weight and power
consumption.
51ATT : [2]
Reference

[1] http://www.moctkom.ru/mostcom-took-part-in-satellite-russia-cis/
[2] http://www.moctkom.ru/space-terminals/
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[FRE] YEB{EREEDE-E

B, ROMSTOENIEDNDN . AFaIaERREk(&REN

& E_HAT-ATIREE(CKEE25 032 )DFI5 LT (202287A8) [
B GE . BEAFTEEAOT IS LUSTHRIFEY —EX. FEEOFT5 _EIFOBRO TR EYR— b
B JCEEDCHA B

& FERFT JE=LEE~i FROGBECKDD (2021F118) [21I3]
B HE3RGEX—H ¢ Changchun Institute of Optics and Mechanics
B EREN  ERE + PeEREZERUL2-way hvEFI | LT NyF I il

& HiStarlinktt(c L2 E A EAlTF>E 4]
B HiStarlinktt : (KD, /BB EMICRHME USRI S Db %
B 5,000kmETOIEE#ICT80GbpsE TH2chERBEN K322 AR B H

Reference
[1] https://spc.jst.go.jp/news/220702/topic_3_02.html
[2] https://inf.news/en/science/ebb34e2b0944df8226d7cbf6e575alel.html
[3] https://insidegnss.com/beidou-conducts-laser-communication-experiment-steps-ahead-of-u-s-could-improve-satnav-accuracy/
[4] https://circleid.com/posts/20220117-the-us-china-technology-cold-war-battle-over-optical-communication-in-space

h\.
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[EN] Indian Data Relay Satellite System (IDRSS)

1Y RIC&LBBASYYIY : Gaganyaan®DYiR—MEBMN
XBEOFIBFERRU
& IDRSS 1]

m [SRO(Indian Space Research Organisation)(C&3FET -5t XF A

B 2023%F(CCMS-4, IDRSS-2D21#0FE%FT5 LIFFE
B 5REEEHE. 2 tonfk. ST, Kudt, Kam DB Bz, OBEEEU

€ GaganyaanlcHlFTBIDRSSD1%E!
B Oy OIRTERERR T — kT —E X D1zt

€ Gaganyaan [2]
B [SROICKZBEAFERITIOISA
B S AR3ZDEBEE. 400kmOEEFET7HERRE

B 5 AMETS EIFREHA 20244100 (KIBRIED) Gaganyaan £ % — S

Reference
[1] https://en.wikipedia.org/wiki/Indian_Data_Relay Satellite System
[2] https://en.wikipedia.org/wiki/Gaganyaan
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[HZAJAXA] IDRS, JDRS-2

2027£F(CT—FPREE2SHEIT5 LIFFRE. X7 —FPHROIMVEKE
REICKZFET—IPBEY - EANBRICEVTEIREVIRICHIRESN 3 RiAdH

¢ 20205 10A(IT —99iEE 1S54 (IDRS) %2 F15 LI
m IRETAEE IO T IS 27 A(ODRS) 2 3%, 2Gbps

¢ FHEARSTETIER(CHITHM
202745 — SR EE 25 (JDRS-2)&3T5 EIf
TSRS 2T LD | KE

¢ BARCHITB2027FFTORIREAL | B EZEMEALUREY - EXRMHORMIA

B Space Compass [2]
® WARPSPACE [3!
B Sony Space Communications Corporation [4]

Reference
[1] https://www8.cao.go.jp/space/plan/plan2/kaitei_fy02/kaitei_fy02rev.pdf
[2] https://space-compass.com/
[3] https://warpspace.jp/
[4] https://www.sony.com/ja/Sonylnfo/News/Press/202206/22-023/
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123456

22-002-R-019

> BCKTIEFEBES AT LIS 28E LRy b - TLUTLS,
> BB FTOBEFERECBENRSEITH.,

BRNHYNY

SR
-HERDLEO-GEOfEDEAIT -4 D
L—RENSEERBENTEILK.
SBIEAFHNGEO + LEODVILFA—-EY
ME(SHEZ5TIH.

- Starlink(SpaceX) BIE M E{SHEE
ZE—HABFE TR, 1T
R TIREEM.

- OFEEBELEOIRATL—23>%
[EROETEIZZRA. OneWeb(Gen2).
Lightspeed(Telesat). Kuiper(Gen2)
« NS ZMR— A7 —(SDAx=mm57+)
MEEDLEOI AT L —2a B ThiE
{EtEEEZETIHE,

BiirEm

-BERBETE. /OO ARTL S
(BETH) M AERD,.

-1t FR5GTERAEN TL\%gNodeB#
BEDIEECIREI N E, IZUHESE
1 - RASEOHIFIED L — RATHRE,
SBEFERCLU T ENTRCRDD
PIOGR

FEHBERYNI—D
BAGEDT—-SUL—
TE\EHD
-DRTS-ALOS2
Ka&#240Mbps

-LUCASY(JDRS#E#)
71.5um, 1.8Gbps
(S#&ALOS3TE:E)

YEERR
JAXABRFERIRSDD
-OISETSCimE k@
{ELth F/HEDBEEER
ME(EBICHFTH).

-LUCASHIDRSICHE#kE

nTay, et E/EnhE
Dffte - BREZEMULILY

DRI ZSREE('21-18).

*1) LUCAS: Laser Utilizing Communication System XEZERBEYATA

*2) OISETS: Optical Inter-orbit Communication Engineering Test Satellite

Bidy 55 0

Sdy

v BB ERIEN BB,
DRTS. OISETS.
LUCASOZEHERIE
B2 AT Lh-tes.

854
v BEERRICER >
NS ARTLNBE

Chik ) BT DRI E

v HEEELALOEIE RS
W0, CERZEH.
FOB{EHERRLE)

BARICHIIZEEIRRL

BiIRETREERLANN

FITTRIEKADFVYYFPYIZIEHD
NETIBWEBRSD,

iRt RER RS

1. BEMAYS1BERYNI—S

v FEYS 17y ND - H

vV IORIDART LD MBEFH])RA
00— R¥LAl

v’ 5GHgNodeBi#gEnIE &1L

v NTN - B EMAREE NS Ty I 7))
TUX L

vV INFA-EYNBESZATL (G/WH
FIERIBEICLBNWETEHIT)

2. 6B ES AT LBl

v EEE B Rl

v ERZEL. 725Uk,
N —ZANE

3. B (Sihn AR i

v EHEYEERSS

v EIIWFIVIHR(vF5E
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(p130)
....................................... (p156)
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(1) =F#AX (QKD) DB MNCHIF3FEENAIm KA URMMNAImISHERL. FE2(CLBQKDI R
5 ADFEYL (LN B R AP ZHEEL. DT 3L,

(2) RABCHBVT. BRODEA - 55 HDIMTEFEIT DL,

\_

~

(1) FEOEZ2RVQKDIIOWTEENAIE itk Alm ceREZEMUI.

(2) AERERZELIC. HARD - 55 H D2 RHEUL.

[ (mER) R
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27
i

3-5 WRICLZEFIEEEAS AT L BRI

22-002-R-019

3-5 IJ€H71TH3Y

3-5.1 HESFHRoX > EF 1A LBESHEFADMREL TMHEFIVE 150
(QKD) OwiEE = (PQC) L= FHHHCX (QKD) ICRARF

> S I71NIC L BQKDICFERRER FIFINGDD. JO0—/NLARIETEREC(E
KIRTBHC(IFEQKDI WA

3-5.2 FEEDQKDHLUPQC > KEIFQKDFERRIIEET. PQCOFEE LEE RITES

DOEWDFEAIRITLOERE > B - FREFQKDISEA U ERMEICHEIF RS2 MR
3-5.3 QKDOF5&E A5l > EUNNERE] BRMNEZESBLUESANEEETEIFRDEUroQCI (EU

PigzH/I\ -9 B3QKDZEN-REFTB=EFEIE(>2TT) TlE. FE%Z
S8 D01 —-RT—RA%1EFE
3-5.4 ZEOFHEQKDOEFE »ESAFQUARTZ-QKDSat:SAGAN3TO> 14 MeEUSIATHEE
MR >AT24 - RV -AFUAKEE. EEZSOEEMRZ 2
>PEIEBFSERLERLU. EERFMTEILZIR A ERAID
> BREERIAT TENTUVIN, [CHENMEENIGEN IR

3-5.5 HADEATFHEMA > FHEQKDOREZRFIMESESICRII CTHAEIER 2 &R & &EH
FEE S > BB ZRERUNS, J0-/)Ubry NI IR ICHEGTE
BRIZA DB R 2 1B

QKD : Quantum Key Distribution. PQC : Post-Quantum Cryptography
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3-5 BIE(CIBEFIRBEOXI AT L - BERFEREE
3-5.1 FE2=FHEAdX (QKD) OwES 22-002-R-019

SFIVE1-FICLFESHEFADMREL T, MEFIVE1—-FES (PQC)LEFHA

% (QKD)ICHATS

S MARCSSHSGRE BFaUE1—2QHBICLY

L BBIRICRIRBIELEIAML
\ T ABRERET—shD
by R RIS |
2 DR
X1

NRBESO7ILIYX LTI
HEFIE1—SES

L= g == PQC: Post-Quantum Cryptography
OMEZEBEE N FBEZ AL TR EEZ R
QEEER (Lydavi) TRELLGRE xR 2
OR=EN BB THIBRAIRS(LLTXE BETELRWNVAETHEREEN
@mFZ R CIES {tenfcHiEiEzES B
© ESUISLRRTENEES QKD : Quantum Key Distribution
e

ANST =C
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3-5 BIZE(CIB=FIRBEOXIAT L - BERTIGERE :
3-5.1 GESFH#HELX (QKD) OwmE 22-002-R-019

KT74 NICLDQKDICIXEEREAIFIFI N SBD, VY O0—-NIVFRIETREMSERINI B1HICEE
£(CLBQKDH A

FEICHBEAESTRIET =D
RIBRE (100km~) DT 7 A/ \EEH EE

——

[ERETE DA THk

or

HEZFAL-P#t-BEI(E

https://jpn.nec.com/press/201910/20191029_02.html

https://www.soumu.go.jp/main_content/000675902.pdf

e . .
: https://www.skyperfectjsat.space/news/detail/1.html
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3-5 BZ2CLPEFIRSEIETAT L BXRZIGHE

3-5.2 FEEDOQKDEHLUPQCHOEDFHAASDEIE

KEITFQKDZ REICIER THAFEPQCHOIRELEERISEAULTVS L, BRI - thE (X
QKDITENDUEAILICHEIFSREEZIE (FHCERMZEID. 8 - HigDI=I VIgSI(CE

I5EEICR5NL5(C. SO BERBICEVAENHIIENERULTND)

B 7@ (QkD) it B F & S8 S (PC)

KE

1R [E

SRS
BA

O

URTKYEBNTBOI-ENR A, 2018FICER ©
EFA=TFTAENQADNBRASINDGE . E
BFEICKDIMUMAA T, A—H—IZkDH
FhBAFE L RE,

UKNQTPEEZFBL TEBEMNEELEBRHRE, A
o)y KRE BT IL—T . BZDFHH
LT, EZRMNFDEE (LR ITiH,

QUNETZBL CTEEZEMNEELEFE, B> A
%E)‘—ﬁ—(i;ﬁro
EFBRETFT—TITERBIFORAREER O
b ZFEBRY(ZHEAE

NICTZHRIDCEEF CEELTREBHRE, & A
Bt S R BIENTRELEERFE TIENEC, B

< Vi R e e,

NISTAAEEL ., 2016 FZAM HIZEELEH
. HREASTIOYUXLEFED  BE
ADDIEET7IILTY)XLETRYAAT. 44
B (Round4) DL MEEHH,
EEERERY A/ N\—tFa1)T1s5—
(NCSC) AN KEINISTOIZEEL IS F#EFH
i%o

—ERD KRZFIINISTOIZHEEALIZIE S, BSIE
BEESEDHEAEHEEHE,

KENISTAD 7 ILT Y X LIRHEOSTEEIZE
SHEBAIIZSN,

NICTROIPAD DN ETRY FILT Y X LEED
FEEIToTLVS,

©:)—HFELTHE, O FEBHY, A ERMFE BB
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B

5 BECLZEFESEOXI AT L - BRFMEREER S
3-5.3 QKDOF;ERHI (EuroQCINI—AY—RX) 22-002-R-019

EUNNEEE., BRMESSH LV ESANHERS

EN—ALTBIE=EFdE

EIRDEuUroQCI (EU2iH%h/\—-935QKD
§1275) TR. FEHEZSEL8DODDI1-AT—A%EE

BERYRNI—
T H—
BE(>J5
BF%I B HA
BUFHEEE DT — 1R
B EE

FEEkEs

Vit

DREETI>
E1—574>7

SDN (Software-Defined Networking) ¥°NFV (Network Function Virtualization) ZF0ARAB{LilaE
BEORIREIRZREH L. BEEFDIRIZEHZH. QKDOBER(CIH>TEEMZEHBIENEEICRS,
b"(}\ WENRRINTNIE. ZORZE(FHED TAE, T I I—DIFREIREBITDIREETHD. BRABIELTIE.
A A-KBE\YITYTBERIDEEZ. QKDTREZEIZERSENEZISZINTLS,
I?\)I/Z\f—\?ﬁ’;)lﬁj—t“x\ finZegmix., 817, KEHE. EEEFOEE( D IIAOYAN-IRE B TR HEEIN
THD. QKD VI RZMEE T DI TATADEREE . BLURME - RFEN BT —IDHER L TR M ZRFE TED

B (CBEHE I 21y MO — @A DIEHEREIRA(G. Ao, @S, SRS REQTPRMEEETHD. BZIES DR D%
QKD TIRE I DL TERDHDEEAZRLETDIEN TE D,

AT OT — Y3 RELANINOTFIVTIHEREN, R RFOF IR ATS0FELRVLY., BF
el LT, QKD(uckj_C;IE{;Eénéﬁ ELN)LomE _E(EEEVRUTENHS.

EE/ZTA(I?»F.%(J(%ZL&“%“C&BD ZORE(CZARY —RZEKTLEIEEHTHS. QKD H £ (FEH) -
B (L) FO@EZREIILHICEREIND.

IV R&I>MO-IL S AT AICRE T 28 FHROIXEND. BHEHERS. EEEM, EFT5vhNIA—A T2Y— 20D
OREE(CXT I ZHOEMRENE ZSN B, E=H ORI AFEEMICEEEOIRRIEBIOZ 2@ ERY NI —INE
FNTHD. BEEFA2IIFICOF YT Z2NRNCH/IN - BDIGEDRENTERD,

S140-50F 0/, EFIE1-JFIBICRMBFETHSEFBRIN, EFI LIS F-TOEREFI>
E1-59-EXDFBZEL TS, EFBIEACIFZFAIZLT, EFMTOEFIE1-T1> TN OIEEICES,

-BRROMRE

84 : https://etendering.ted.europa.eu/document/document-file-download.html?docFileld=68917
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EFf

5 BIZEICLDEFIEBEEI AT L - BER= BT L
3-5 4 ZEDOEEQKDDEWFEAIAM, (bLVU) 22-002-R-019
Country Mission Member Satellite Link*1 Protocol*2 Phase
KE Marconi 2.0 |NASA, MIT-LL, QKDiAZFRERIE (NSQL)ZISSICHEEE | ISS DL (ISL) ENT- £E&:2022-
HE QUESS CAS, USTC, _Eé.‘\jFH*J—EX(CFEJLﬂEQKD%EOJ/J\ﬁﬂﬂsb LEO (635kg) PL:230kg |DL PM-/ENT- £E2:2017
Tiangong-2 %55?ng2§%g%§gﬁu;£2?b_HYG(D%? FERRISS PL:53kg DL PM-/ENT- | 32B%:2018
Jinan 1 LEO(100kg) DL PM-/ENT- EF:2022-
ESA QUARTZ SES, TESAT(Scylight), EuroQCI(EU)&U TE#% LEO(Eaglel 300 kg) DL PM- EA:2024-
QKDSat ArQit, BT, QinetiQ, Mynacric, G7 BUfF FQSEIZ«L |LEO(QKDSAT1,2 300 |DL PM-/ARQ19 |i&H:2023-
TEULIAN(Five Eyes)tbiE kg)
SAGA1/2 EuroQCINmMIFzZLEO/GEORIZQKDDHt E X LEO/GEO DL PM-/ENT- 2020-
/2024-
A5>H GEOQKD TNO&¢Eutelsat({A) TSAGA 2 NIl Tz 5E1THAE GEO PL: >570 kg DL/UL ENT-(MDI-) |=8&: FS
RAY QUBE I DLRMMFEE 9 BCubeSatiiiie L - imEkFizFiE | 3U-Cubesat DL PM- EE%:-2022
QUBETI ELEES e 1-3U DL(ISL) PM- £E&:2023-
RE QUARC Craft Prospecttt, 1 5EEE43ith FFTHREH/N- 6U DL PM- E%:2024
ROKS-IOD Craft Prospectft/BT+t 6U-Cubesat DL PM- BFR:2023
QKD Qubesat | RAL SpacettéCQT (S>> HR—)L) 3U-Cubesat DL ENT- £h&:2021
hF4 QEYSSat CSA, Honeywell, COM-DEV LEO UpLink PM-/ENT- £E%:2024
S>fiR— |SpooQySat |CQTESpeQtraltt TI> A I ARDEAL 3U-Cubesat DL ENT- 2E%:2019-
v SPEQTRE RAL SPACE(ZR), SpeQtral 3U-Cubesat DL ENT- EF:2024-
SpeQtral-1 Thales Alenia Space ,SpeQtral/QCT 3U-Cubesat DL ENT- EFR:2024-
(=P BEBECHIEFIESEIMORFHTRE LEO(ISS)7& DL PM- Hh_FSREE:
J0-N EFIESBEMRBEROIHOFEE S T IS HMOATTRFR GEO/LEO DL PM- b SRk
o>7 20194 (CHAFRFALA-2024F (CHUE L REEOO—- RYyITZRE LEO DL - EER:2024-
e — *1;DL:Downlink, UL: Uplink, ISL: Inter Satellite Link
/\ E T E E *2;PM-QKD: Prepare and Measurement Quantum Key Distribution, ENT-QKD: Endangerment Quantum Key Distribution
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3-5 BRCLPEFBSEEIAT A - BRNMHEE - 4%.?%“
3-5.4.1 RKEOHDEAH 1/2 22-002-R-019

B 20045 (CHFRIEERIITEEFRY NI - IR ERULEDDEETER[1],

B 2018F(CKEREFA_STTAIEDKIIVERAK $ 13(3(5F) IKEHETLLOEE, 20
—A T REERZLERER (NSA) OQKDF:HICH I 3EEMBRIHE[2]1 %2128,
QKDIAFTHFEL A B RO REEEDHEE (Science first 5&t) (CEBED. mRAEAM@IT
[EBIEERATORL

NSARMEFHEHEIES (PQC) KiifZHEIRL THh. BR{LBEITUTEATWVS,
NASALMIT-LLEE TR ONEETOT S LEERALDD. 1SS HICEBFEIEASITEREE
LT $iLLWEFS AT A-U-EXRFEOEEZD]gEL I DNational Space Quantum
Laboratory (NSQL)EWOSEERIRIEDIRHIEZR 2R 3]. F12. NASAZHRLICEFHEE
{E5tiE (Marconi 2.0)EUTERMN-JEKEI TOEFIES UV TEZREF[4].

NSQL program #1Z[3] ISSE&#NIO—-R[3]
[Reference] [1]https://arxiv.org/ftp/quant-ph/papers/0503/0503058.pdf
[2] https://www.nsa.gov/Cybersecurity/Quantum-Key-Distribution-QKD-and-Quantum-Cryptography-QC/
| — [3] https://www.nasa.gov/sites/default/files/atoms/files/iac-19-b2.7.12_overview_of _nasa_nsql_program_paper.pdf
/\ 5 T —_ E [4]https://www.wired.com/story/nasas-plan-to-turn-the-iss-into-a-quantum-laser-lab/
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3-5 BRLLBPEFBSEEIAT A - BRMHEE - 4%.?%“
3-5.4.1 KEOHWHEH 2/2 22-002-R-019

B E91(Ekert)JORIZR-REURTIIAZI VA NELIEZERFAL. Untrusted satellite
QKDOEHZHIELTLS[1], Untrusted nodeft(d, Trusted node (BB8474L) EEEA
;yfjﬂl%j?ag%/\@t:\:JUT'f BRI TERIEN. YA RFrRIVINE (X I B Em e
Xy o

B 35(C, EFVE-HPEFTLR—T—33> VW RIBRQKD-NWEIlTDEITE Rz RiE
A I WAIE IR BAULS AT LT —FT0F v 28 A,

B - RBREEICEGN . BREIOVINER T2 TIV A NEIR GEfREZ iSRS )/ LA
E%%éSSPD-f/W A/APDT )\ ) B FIRERAITE A 2 D/p ANt/ B 2l B Rt/ 52 {5 2
OEEREHRZHB IS (HEH) @{EkRETER/ BBRZE/> I3,

B ESHAIL—BERE : ILLUMA-T 075 LBRRNOMASCOT (Modular, Agile,
Scalable Optical Terminal) ZF/F. it £f5 : LLCD, LCRD, ILLUMA-TEOL—YiE1{E
JOJ 3 LTHEERUM FE%F A

ISHYINAIYES DS AT AT —FTIFv F— R ERA LI

[Reference]
[1] https://www.nasa.gov/sites/default/files/atoms/files/iac-19-b2.7.12_overview_of nasa_nsql_program_presentation_0.pdf
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3-5 FE(CLB=FIEEAEI AT L - ERTTGEAR - ES
3-5.4.2 REOEDEAH 1/2 22-R19

B ERIERE (CAS) FEMDQUESSZYI3Y ( Micius LEOEE) (CHIF3EEN S5 E/BA
DtF17R2QKDELXN>, FEMS 2 DD LBADIVIYTIVAY MIBESSIC, EFFTL
R—=7—23> (EFHH#E) OkIhiE. QKD nodetUTOBEEF HNOEIR e 2 HIRII 35
ZATEIBNTUVERFE (NMILAR=>) ZIRTIOVTPUIEVSEIRT K EEHI,

B - URZEEM ; BB84O NI AHQKDXE2FEBBMO2TONIVAEI AT IVIELIR

QKDiX (=25 KR ES850 nm/VULALDYER/ Rk T>d—4
IR - vy EAICHBKTIOPO FEMRIAESRZER405 nmTHIEEL T
RES810 nmOI> A IINHFI (RKEI>I>IIN) ZERK.

BB84 J’'O0MIIVAX{ERE (BES850 nm) 2RFIVIVINKR (BES810 nm)

[Reference]
T ——— )
: [1] https://journals.aps.org/prl/abstract/10.1103/PhysRevlLett.120.030501
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3-5 ERICLBRFIESALRS AT L BEREIITHE
3-5.4.2 EOEDIEH 1/2 22-002-m 015

B Micius LEOEIZENDE=(F635kg (XU, R1O— FOFRE=(F230kg[1].

Transmitterl (QKDXER/I> A>T LAY NI /FLR—F—23> X ER)
Transmitter2 (I>A>2JIVAD NEGER) /L —SYeimR Bl EEds/ T>9 >0 WA NERK TR

B Micius LEOBIZDERIARIER(CINZ. EAY-EXCMIFZQKDZEED/NMNE{EP QKD AL
DEE(EISEN EFEHEIVATL—23ZAVEEFRY I — VI8 (ICAFIZEDE A2 1R,

Transmitterl
115 kg
BAE30cm

Transmitter2
83 kg
BAE18 cm

2018£F(CTiangong-2 Space LabllE&EicN/NEIQKDIm=A R (57.9 kg) &40 5%
ERAUT. FEHISEZUN_E/BADE FHEltXxZ EERIISEE[ 2]

2022F7AH(Jinan 182 (100kg73R)/NBIQKDEZEZF] L. MAY—-EX(CEIFTY(1
O-F/FEE&/N\2i FRBTOQKDREIICHRICHIFRE FBEZHIFI DR MRz

HE[3],
control
processor
box
7.5kg

Entangled-
photon source
23.8kg

Micius LEOBIEEHAIO—-R Jinan 1@BE2E#ENRIO0—-F
[Reference] [1] https://arxiv.org/abs/2208.10236
[2] https://phys.org/news/2022-08-compact-gkd-paves-cost-effective-satellite-based.html
[3]_https://www.scmp.com/news/china/science/article/3186802/china-launches-new-satellite-important-step-towards-global
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3-5 FECIBE=EFESALEXIAT LA - BERFIIGAR S E.é
4
3-5.4.3 ESAOEW#HEA 1/4 22-002-R-019

B ESA Agenda 2025 (CBWT., EFHRI> T OHEER B _EY —E QR EAZMDEN . EF
iy (BFEEE. HAREFTFHET. RFIFESTEERTRE) (CRT 23Rt ZTiaFEDEDHE
HEWETDIEEEESL T[],

B BN EES (ESA)IE. 202044 ICLEO-QKDE LY — b Rt % B15 L 7-QUARTZ &
QKDSatom7ny =7 b, Thozfxd 5&EE L TSAGA7 R Y =7 bZe&IL L.
RN SR THOFEEF LY F T =0 —ERDA v 7 ZFBEICHEITI-YR— 2L TW5S,

QUARTZ(Quantum Cryptography Telecommunication System): FZ&E %
EEDSES WWotEv7INy) ZrRLESTHEZEIYY -2 T L (204) AShL.
ARTES ScyLight704 5 LOXFEETEE N TL 3,
SAGA ( Secure And cryptoGrAphic Mission) : #HZEAIIE DT & L TGEO "N—X
D QKD AT LDIHOIRFTZFIE . ENLIMNI"Space segment for the EC Quantum
Communication Infrastructure (QCI)“%#%XIRI B EZIYVIaELTLD,
QKDSat : Arqittt (R[E) MERWBFEZEIDY -V ACELOTIRESN. ARTES 33
Partnerd0J S L0 T THEESEMZZITTCEZ SN T 5, 2022512H14H(CArqgit
ZHEQKDEFEISDHELIRZREA, BB TRFEL CTLVBQuantum cloudHZiitT(77579 RR—
ANFHEHRERYINIIY)T. EF IO ABHOMABZ2ERIR T3 REULNMESNZHEL
TWB[3].
QUARTZ(Eagle-1) £ QKDSatm22»7AY = 7 F DR ADEWIE., QUARTZIZEUD
EuroQCI&:EH#E L TW3A 2 &, —4. QKDSaticiREULIADERLSML TH Y. EME
& (EU) ZQKDSaticlzfE& L T\ 2], EuroQCIiE., BNEF 2 F 2 7@EEF v b
T—0A4 7 70BE, B BEEZENE LZBNNESEV)DERYBEATH S,

[Reference]
[1] https://www.esa.int/About_Us/ESA_Publications/Agenda_2025
—— [2] https://spacenews.com/ses-considering-quantum-cryptography-satellite-system/
: [3] https://www.satellitetoday.com/business/2022/12/14/arqit-quantum-ditches-plan-for-quantum-satellites/#
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3-5 BRECLIEFIEEREIAT A ERISHEE
3-5.4.3 ESAOEDIEH 2/4 22-002-R.019

® QUARTZ(Quantum Cryptography Telecommunication System)
BB8470MIJLICLBLEOBEN—-XQKDEDX, YL —HimK(ETESATHELCT135[1],

2022F9H(CESAI. /NBifFiEEagle-1 (300kg) %ZRFEL. RiEFtE FIESHFACX
(QKD) H—EXELT 20245 3FRIDRERIY 3> OERICHEN, EIRINUSEINI[2],

[Reference]
[1] https://epic-assoc.com/wp-content/uploads/2021/08/Thierry-Draus_SES.pdf
[2]https://spacenews.com/ses-considering-quantum-cryptography-satellite-system
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3-5 FE(CLP=FIREEALEI AT A - ERTTGEEAR
3-5.4.3 ESAOHW#EHA 3/4 22-002-R-019

B SAGA
SAGA1:PM-QKD BB84JO NI EEFEEINTE) — RICELDRY NI - AV HRFETEZ S
REFACZITOIC O DREN-ADE FIES 2T (EEEER, 2020-23, H—EX : 2024-28
F)
SAGA2:ENT-QKD E9170MIILEGEOFEEAVE FBERRLEFIE-IT—-EI%ZE
19 (SEEE3EER 2024- 27, I VA NEEY —ER : 2027-334F)

SAGA1l
SAGAE Ay
[Reference]
| — [1] https://www.ffg.at/sites/default/files/AT%20Industry%20Day%20-%20ARTES%20presentation%2018.06.2019.pdf

/\ 5 — — E PM-QKD : Prepare - measurement- QKD, ENT-QKD: Entanglement-QKD
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3-5 FE(CLB=FIREBALEIAT L - BERTTGEAR
3-5.4.3 ESAOHW#EH 4/4 22-002-R-019

H QKDSat
G7EMNSE TARINIEEPBUTFHENSRBERREI Y —> 7 L s L. Federated
Quantum System (FQS) &LV ETRTArgitttOE FIES Mz AEORER(CIRE[1].
BENSEHET - VIICEFRERMIISATLAZEE, F—Flid. ARQ19¢MIE(INS
ArqitttBEOQKDITONIN ., CNICLDME—/O—/VULT AN ARBEQKDESXNEIRATEE
KL —Himk(EMynarictt [ 2],
20234(CQinetiQ SpacettRNDQKDsat1+QKDsat2(FQSEEZELLT)D2EETHAY -EX%
HisZzB1EU T, BT, k&S, /-XOvTI57Y>. LAFILR, QinetiQ Space NV. gtlabs.
Honeywellhi*Sl

2022 12H14H(CArqiti3IEEQKDEENSOFLEZFREA.
BB THRFEL TLWSQuantum cloud#szii

(D3I RR-Z20HBHEEEYINIIF)T,

SF O EHEOHEHEEEIRTES
RiBuhEsSNzHELTWB[ 3],

[Reference]
[1] https://spacenews.com/governments-ally-for-federated-quantum-encryption-satellite-network/
[2] https://www.sec.gov/Archives/edgar/data/1836935/000110465921093381/tm2122531d1_425.htm

" . [3] https://www.satellitetoday.com/business/2022/12/14/arqit-quantum-ditches-plan-for-quantum-satellites/#
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3-5 HRICLBBTISEES A7 L BRI B &
3-5.4.4 jj/@@HQDﬁ‘H%‘ 22-002-R-019
. TNO (ASVHLRAMZEMFHE ) LTININIMARFACLOTERIIENZQuTechiRFiKRES (82
FAVE1-4. EFA1>F—%vhk) T. MDI-QKDZ'OMIIPGEON—RAI 9>V IQKDELEL
Lo leZyF R (CEDFHA TS,
B SeQureJOZ1Yb : ABN AMRO. QuTech. TNO SpaceT. MDI-QKDZORIILICLBZT7AIN
QKDfcixe B HZERIQKDECEZHAENE LS AT ARFEEERERS | Y —E B (CO I TERE
1§
B GEOQKD 7JOZ1/b : TNOLFEEARL—SEutelsat ({h) ML, FRILENE FOBENSI
AN (BBM92) ZALVQKDEACIXICRI T2 AT ADOKELZERET(CRIT 25T
GEOQKD Z'O¥1sb
QuTechdHD#HH NEEIRAKDOAFEEES50cmx2, ~570 kg
[Reference] '[1] https://thenextweb.com/news/quantum-key-distribution-to-secure-bank-account
/\ 5 T E E '[le\}gt tFl)\lslé/l;:I;izls\lal;);éhg;Vg;?\i?S?T/IaEb\j{)zgli%FSCE)éiilEngiS%FEKl(:EJEtI;w:'T'ENSCHAPPELIJK ONDERZOEK
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B DLR(&. CubelLt>CubelSLEVOfzCubeSatT 5y b A—ADIRIEWFIERZBEEL T, thERER
PBELLOREZYI A ZEEL TS, CDOCubeSaté QKDF iz 15 —23> U TQUBE
(Quantum Key Distribution with CubeSat) v 3> ##EELTL\B,

QUBE : #&/I\BY¥¢@SimEk (OSIRIS4CubeSat) %#CubelL(CiEEUIZQKDELIXEEEZY 3
> mKEIBB84JO NI, 3FEKE ( VCSEL, C-,L-m0OLD)DX{E2R1ES, BEBE~
+1°, CubeL (ZfT #t& 3U)
QUBE I : 2022£FICQUBEDTAO—7vTFOJ1H N (BMBF : sBiBE RIS HAZTHIA
DEE

CubesatE2FHTHET A bRiE

[Reference]
T ——— .
: [1] https://elib.dIr.de/187010/1/2022_ICSOS_CubeSat.pdf
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B SFEE/NT (REEREFHMTIOISA: UKNQTPO—ER) MSOEEIREESZ (T, EE O Fv—1B
£ (jc @&Qit\ Craft Prospect. RAL Space. Nu Quantum Ltd ) HEBEFIRIEEHEV. EHAQKDOE
REHEE,

m  ArQittt

QKDSat (Quantum Key Distribution Satellite) projectz=E&L/\BY| EOFE—RAiEH
QKDY —-EXZBEL TS, 20228 12H14BICArqitlBEQKDHEEIS DiHRZIRA,

®m Craft Prospecttt[1]
6 U-CubesatiB/NRUEE]2 AT -3 QKDY —ERICEIFTeAR A RBRIYS a2 EELTLS
> QUARC (QUANtum Research CubeSat):15F&2£4301M FFTQKDIYATL—33> Ry
D —D% e

» ROKS-IOD (Responsive Operations Key Services In Orbit Demonstration)
QSTP(Quantum Space Technology Payload)
CASSA(COMPUTING FOR AUTONOMOUS AND SECURE SATELLITE APPLICATIONS)
AQKD(AUGMENTING QUANTUM KEY DISTRIBUTION WITH NANOSATELLITES) :

> RefQ : QEYSSat(hl)X>N\—¢0I>Y—-S7ATOT 1IN
® RAL Spacett[2]
12 U-CubesatiB/NBFHEN-AFAQKDY —EXZEiE,
QKD Qubesat (SPEQTRE) (CBWTIUHR—-ILERZE
B Nu Quantum Ltd[3]
oINS KENSDAST— N7y
IREOE—FIROEGEICARIY

[Reference]
[1] https://craftprospect.com/, [2] https://www.ralspace.stfc.ac.uk/Pages/home.aspx, [3]https://nu-quantum.com/
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11213 415

3-5.4.7 hFAHOEWDHEH 22-002-R-019

HFHAFER (CSA) MBDI7> RebEICWaterlooX#. Honeywell Aerospace/COM DEVA'E
E|LTQEYSSat (Quantum Encryption and Science Satellite) projectZzifitE[1,2],

551H (2010-18) Cubesat®fiiZE23ZF (CLAEBRAITHARIZHE T, 2018FE(CEHE2EANIGE,
2024F(CQKD-LEOBZNFT L Z5 T,
RIEIBBBAD EFHERLIE L., 7 v 7 UV IVBERDOBBMO2T Y X JIL A Y FDETFHE
A stE, HEA v R— KR TOESNEANIVBTEANZ =610, OF26 cm A BYIE S
AYzExmEAEL T3,
ZDMiZ, 2020FICETFRIENT (B) OBESRHAZF T, KEERM 7 O—/NJLQKD-NW
FIRZHMWE LT, hFX-UKERP] (ReFQ) nFEE., UK{IZCraft Prospecttt H 18 %[ 3]

QEYSSatYATA QEYSSatA/O—R

[Reference] [1] https://uwaterloo.ca/institute-for-quantum-computing/qeyssat
[2] https://www.spiedigitallibrary.org/conference-proceedings-of-spie/11852/118520H/QKD-terminal-for-Canadas-Quantum-Encryption-

e and-Science-Satellite-QEYSSat/10.1117/12.2599162.full?SSO=1

E [3] ReFQ: NSERC UK-Canada Alliance Grant Reference-Frame Independent Quantum Communication for Satellite-Based Networks
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B IUHR-IVEZKZFDCentre for Quantum Technologies (CQT) TRAFEINEI A TILN
IROF TN —R(C, SpeQtralfthE FIE=BEYU1—23 FEZ2ERRMNRITRL — 23> ZiFia0
HEELTUL\D,

SpooQySat : CQT T 3 U CubesatbA/ XD/ NAERIIAVIINA-AEF KRS AT LZFFEL.
SPEQS-CS (3T_E5B%) SpooQy-1(20194F). SpooQy-2(ETEI ) TEE L ARz HEE
SPEQTRE : &F#{=/\JRAL SPACE(3R), ISIspace(f#) ,CQT. SpeQtrallc&2FEAQKD%
SEFEE (202447 1)

SpeQtral-1 : Thales Alenia Space &SpeQtral, CQTIC&DAPERIDEAQKDY —E A&
&2 (20244TL)

IV IWN—-AEFHIR
SPEQS (Small Photon Entangling Quantum System) SPEQTREDCubesat

[Reference] [1] https://www.eoportal.org/satellite-missions/spooqy-1#uhf-ground-station
[2] https://www.ralspace.stfc.ac.uk/Pages/home.aspx
[3] https://speqtral.space/speqtral-announces-speqtral-1-quantum-satellite-mission-for-ultra-secure-communications/

h\.

NANST
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B 2010FE(CIMPACTICLREF X172y NI)—0702 1 MCBVWTNICTZ2H NI E EBIQKDARY h
J—HDZEEE. 201 8EICNEFTOEIRAY A IR—> 3 8h&E 054 (SIP) [YEEFFERICLD
Society 5.0EIRF AT | CEFESLWMEDEZRMES USSR ENRI- MU TV,

B 2017F(EEZAVQKDRFRARNFEEASTEH (CEHZE SN, HBBAOHAFREN L ZE(CFHE
QKDOIAZTFHFENZAI— LTS,

BEBECHIIPE=FIES IO FTHFE[1,3]
> FAEHARS 1 2018~20224E
> SHIAIN— : NESTRA. NICT. Y=—CSL. ZH/V—]SAT. &KX
» ZEREIYGBECH T AMMZEME L ORIURL oIkt FExAVctF17REFBELZEIR
INBYEIE (CFAE BT AERR QK DRIt
it B TOEREZERI
ERINFRDOEEE RS Bl
JO0-NEFIESEEMRBEOILHDEE
ETFIESTNOATTEEFE[2,3]
> FAEHARS  : 2021~20254E
> SHIAIN— : ZH)C—=ISAT. NICT. NEC. &=
r GQEMHERFIEONT I A=BECHIETE3FH AR
[ RBUBEQKDICIYIIEL A IgS 1 =B FEL.
ih FEhSERIEENIEF THIN—TE3EFHHIR
BESEFIESEEIR

[Reference]
[1] https://www.soumu.go.jp/main_content/000538843.pdf
—— [2] https://www.soumu.go.jp/main_content/000745825.pdf
/\ 5 T — E [3]https://www.soumu.go.jp/main_content/000790351.pdf
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B O3 7(CBIREFRghE. EREMZS774J 7073 0EFSAIIVIT)I-ERIOT LD

PHEACBVWT, EFIE1-4. 2 FI1l—33>. eFEE. EF:HEl F> 3 2IR
CERBRBYCEERVAMUTETTVWS[1].

O3> 7DEEZRI74 ) WEO—DZIRBL TLBRuUssian Railways(O27#60E) ZHLICET
BERFEOO-RIYYIZRTER(20204F)[ 2]

NTI Quantum Technologies Centre(Moscow State University)ENTI Center for
Quantum Communications ( National University of Science and Technology
MISiS) hEFAFAFED2AHLS

BEQKD(F2019%(CRAIAL. 2024F2BiR(CO— RIVIZHRTE.

EEFHEREFEITE : ROSCOSMOS
Sferad> AT =232 AT L[ 4]

[Reference] [1] https://iopscience.iop.org/article/10.1088/2058-9565/ab4472/pdf
[2] https://tadviser.com/index.php/Article:Quantum_technologies_in_Russian_Railways
[3] https://www.itu.int/en/ITU-T/Workshops-and-Seminars/2019060507/Documents/Vladimir%20_Egorov_Presentation.pdf

e —— .
: [4]https://www.urdupoint.com/en/technology/roscosmos-needs-148-launches-to-put-over-600-814253.html
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3-5.5 HADEHIHERAMBIFEDE (SWOT)

B7F
ES

1121314 5
22-002-R-019

SFBE. HEERKRL LV NERGERMNSOEANRERZINEBISEDOD. Ih5%Z
e UIEEQKDADEDFHAC OV TIIERIMICKEENZHOTNSD

[Strengths]
m/\FE (<30 0kg) HE/ RESHiZR

B,
B ABIGEOHZ )\ ARSIz R B .
mFEEF]S LRtz R,
u GEO/LEORILCTHRIS# iR
m 74 )\ _EiEmE i E R ERi R,
mEEFEECLIEFRITOHEIKS.

[Opportunities]

mEFIOE1-IDERICEZTFIT1BR
B HADMBFIRER ((RE-EE1R - Bh1ED)
mHFRERART (% BFI0vY)
BESVWVET17RBEEK (Z2FRE. 2. EE.

ERIRE)
mi]5 EITHSIER
B FEEIDRIL - IMBEEETE

h\.

ANST =L

[Weaknesses)

m/\BY| CTRI St DIBEALEB/NID RN,

m ith_F BidfestEN R KRUGHREDZE R
DEHREBEIEAE.

B FHE256HEQKD-NWA > IFEEAR 20—
RIwTHRUN,

M EU. 5EyesiRELDERRIREFRNZL.

m SEZRER ) —IHEBEZ SRR I B TCimT /A AND
SATHRFEDN R,

B FHEQKDE EEEmALICmIFEERDEH DI R
U

[Threats]
mMEFES (PQC) HMiDBIMEREE &
W EU/ESAYPFRETOREAMECEFZED A
B EuroQCI (EERMEEE(L, BEELY T 517 —H )
IAF)
m New Space (CubeSat(c&3EAMig1L)
mUHR-IVTOREARQKDIORNIIL (ENT-
QKD) ciTRF
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BADMMRFHRIRIBCERSNSFEIYS IO PEVWEF 17 RBEEERBAFCHUT,
TF17BESEEZRHRIDIIATAO—REVTEHEQKDIIHZ HRIRETEN 55

L s Weaknesses

[SO Strategy: ERIEA) [WO Strategy:§§=5eik]

B FEEQKD(E. TN/NTN[*1]IcBIF2E2FIES mBARELTOQKD-NWOHD A ZISIK,
Y—CEADIEFEIEZ AR TEZIRIAE—DF mBiFsdl (NELCTH ER) (85 FhEL.
i coHh, BRAICEIIESZEIH I3, REIVIADDIATLFEETPREEZSORY

B SVWET17RBEZERIIERICL. BE  NI-I8GHTENDL. BEQKDDEIESZ
ZE2OHIQKDRY NI =I2 AT £t 93, BT,

B HAODHFHNRIRIB(CERENZFHEIY W HEH. KE. FMNEDOBHBEREE
23> (1BR5F) ZREHERL. eNIGERT 3. EUEDORANEED O] sE £ 2R 2R

[ST Strategy:Z=5l{t] [WT Strategy:B5fEi- HHR]
B EEBEEOTF17E (REUVEE) 2@ miES{E AT ALLUTPQCHFliE QKDILAlTMDE

v
Ig
=

=

=
whd

e

o

Q.

Q
o

2N BURARTHARL GRERL-N 2R, HARBNISEDS.
o HADEEZEQKDIMIN TS AT 1%Z %I M New SpacetDiEHE
= BEE 7Y, RE. KE. RMNEDFDBEFHRIEE
B UHR=)IVEDIREARENT-QKDOHEE] (3R
ACubesatt 5tb) ZiEEESES,
[*1]TN:Terrestrial Network. NTN:Non-TN
e
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3-5.5 HAROEHGHESAMRFEERE (BEIEEOHE!)

B7F
ES

1121314 5
22-002-R-019

HEQKDD RSB RIHRINESRICHII THRFEIAB Z#IR & KHU . HitThEAI T 2R

Lh'550-/\N)b1y MO —HRBCH G - E Rz DB R E 18

BRIy

Fact Finding&U
BINENEI DA

<BRM >

EU-ZELE/NBGEIVATESOE

EQKD1Y M-V DIEEEEINE

v ESAIZQUARTZ-QKDSat:SAGA®D
3701 MEUSIRTHEE

v AT MY AFURKEE, EE
EAQEE A MRESHIES S x2S ESi]

<HE>

£|F(Micius LEO)Z&EFERALUT. 5t

HREHEEFBERITE X 4 =5

v FBEH5i F/BAOTF17RQKDHD
%, 2 D08 EBADIAITILAY
NiGIX, EFTLUR—FT—33 %/ IN

<kKE>

QKD ERIDEMH(LICERT. PQCO

RHE(LICLBIESEIRLREESE

v KEERZ2RER (NSA) (&
QKD#itiz#EEREL . NISTHZ#E, L%
HEE

RO BAR(CHIT 2B DT
BRH 55 H
ih ETIEEPOQKDE  WH ]
SFRvhI—=4%50-)V v T74)INTOQKD. &
WICEBRIAL, B4 - SEE-h R, NE
NICTZHDICHE BIEZFOD. HEQKDIC
QKDICE 1 B = kil MHERERTMILEE
DEIFEEHEER (CRBEH
v E#PEIQKDRYRI— 5§
JOES. 2EFES v J0-/ULRBQKDRY~
EEE DR ERIE U J—IRER(CDONTIE.
HARRZRHIE BARMBETENRO
v FEQKDOMFRFE v /NEIDMIHERDOIR
NFEHEARSTEICEA DFEEA LA ERR
soSI. MFBEADAT AN
BEZR(CEEQKDD v EBRBHBEFEOZLL

AFTFRAFENZI—b

[E5]

IESBERY N - IERLRE L EE
BAVISTHD, RELEEETHRETS
ZezEmYPH, BASY0-/ULRTRY
NI—0%EDESTHEEES 2DV BARE(C
IBUNEER.

> BINCHRFEFHO/NELCTHE B
FORF i3 EE TRIR

> NREES AT ©PIREERY N -
DBATSENI L TR IR

> RIBUBEPLYIEL A VIS DLI(C
2= BI{E BT BETR etz il 7

> BtV B ZHERUNYS. 8ot
OHREZ AT AFRAFEF(CEITRT
MR ZIBEE
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[ FERIIRSIA DTS ACSIIUIBRINEE AT, #ERICBIL TIREEAVERL
oo REL#CIRSEEZRT .

(1)Small Satellite Conference (2022F8H6H~11H)
(2)World Satellite Business Week (202289H12H~16H)

\_ J

/\ 5 I = I: Proprietary Information : Not to be disclosed or reproduced without specific written permission from ASTEC

157



3-6 ERHAE - BIEAE
3-6.1 Small Satellite Conference 22-002-R-019

Proprietary Information : Not to be disclosed or reproduced without specific written permission from ASTEC 158



3-6 EERAE -#ORAE

3-6.1 Small Satellite Conference 22-002-R-019

« &HB: 20228 A6H (1)~11H(KR) £ XI1IKZF

NBRFEICEITRZEENYI7LYAT, ShRINMEBE36E B ORE, NUEMEREEEDR
ILKICKY, FE4L4BEDMLEALTNS,

c BIERBEEDIYIAZLITIIRY,

(1) SDR (Software Defined Radio) D;FE1k (3) A= AL AT
» SDREZEH OB ZAEN « RAMON Spaceft (1A TN
» Tethers Unlimitedft 2{SDR Modem (&% « DSPEHEFRBRCO4IIVIVFITE641E.,
1518 1.5~1.8GHZ CF—5 L— M 1Gbpsti() T48 300MHz. 40G FLOPSMAEE, ZN%E S HHAE
AT -5XE CBEERRIEE, DETTIIIARIO-FZERK. 3URITEEHED
* [INCAero-Visitatt. Rincon Researchft &M (Z71'. DBF, Channelizer , Modem& % B3R,
SDRAMH mENTL\ =, LEOTZ([F T, GEORI(GBIE® 15 100Gpbsik)E
(2) SaaSHEE B H L K ATEIH %o
. Splrei‘i/KP LABS?:I:/Umbap*i%%@JFﬂt%% (4) *SDAEPWSA(ProIiferated Warfighter Space Architecture)
SAYTYFIBAN * Tranche 0T20#. Tranche 112614,
+ KP LABS#t[$, COTSEBR D35 A THBTID(F—7 Tranche 2THI400BDIERL B 2 HE 31,
V-2 BRBLUSEE (BFEEH T OE  BIERLLOLF R EKam e,
72) OFIBEICI L. Z<OEEN-R-Y T~ « JEIB{E CE5,500kmEX TOEE FH TR AK2.5Gbpsz
E 1 At

(5) AVAT -3y EHExE L
o KPlanettt =4
« fRAIKOHZEH
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3-6.2 World Satellite Business Week

22-002-R-019
World Satellite Business Week
- =8A: 202298 12H(B)~16H(®E) =% /\U
 EuroconsultE &, BN TOEENYI7LI A, 25F B,
(1) 25F CERGZE1L (4) JeB(E S EB I
- BEIVATL-Y3Y : 53825008~ « LEORI TR A10GbpszXEIR, ESAL Thps#E(E%
« TS5 EIFIA & $30K/kg—$6K/kg FFH (EMynaric)
« BEANL-Y : 345 —53%t - AERH I 18/F—5R/E (JHTESAT)
« 16TbpsDAI-Tv %X « 20005 /FDMEEIRZETE (Mynaric)
2) BIEHIHZORRDOFRMNEZHS « SGOTNEDEROFENHZN, BEBEDIEHEE
« JO-FNYEBB)ERFHHZDILEE 2318, L&, #EHCRET 2R RERANEL
BENMABETE2E| >R ERDFRHHY « INV-UYMOER[CLZFEBEORENE
« BBRIEH: 30EA(2018F)—291E A (20224F) NDNB3H ERBIEREELEL,
—AFER T 1EALNRLE LGN « BEBERARV-ITEICERYZE{LINTL
- REZERHY - HERREN VG CE2GT Wz, TNEING BB EEXYAA TR

EEENHDITWEDT7TY (YouTube. Netflix

55113 6) BRI EHEDRDOS BUERIETIA7L Y37
) IR RN CEEDA L “ i S

. KEDEIVAT LYV EREE X TEE

(3) EDHFR TOF-J-F : [Edge Computing] FEBIE VAT -3V ERETH,
[ Fleet Management | [ Mobility ] [ Cyber o 23F(CAY-MIBNRE T, A - Z2RE
Security] [ Zero Trust] [ Laser Com ][ Data F#A. EFESQKDDEABEET
Fusion][End to End Mobility Service] [ In-
Orbit Service]
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22-002-R-019
[ YRIEBOTIEECEDE, TROESEE BERRs =MLz, A
(1) EEEREOS TR
(2)iBERMOE AL
(3) KB . chE) .\ BB EEEOEIE . STESEFSDEOEEN
_ Y
e
ANST=C
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T 4 FEMMEKEAR TSR BAFR EEEE
wSEBEE(Ch D HEUITHE
r%%ﬁﬁmu\ H#%ﬁﬁ %0) 1 J

— A EEANRE S AT AR iTHEERETR
Advanced Satellite Systems Technology Center (ASTEC)

202259H30H
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3-7.1 [EXEMER (@E) BEEFEEOZLHRE 22-002-R-019
[CHFEANE]
BERZEDZFIER

e F (FEEETER]) htdh - 157 (BARR) OBEFE0=EE+ BARD
BERZE0ZIHOBEH LEIFEIST (J\w)F7—5EUTEXcel)

XSRS, BARPZEOSENFLEHZENS, BiiFT (HARTEGAFEIZFELT
LVRO\EERERR)

XEFEINERAM (HTS,. TILT2HRE) hididexcelT—HFITEED

XAA=TEUTEFPPTORI STE T, ENEOHFROBEFERTIARANRABLICL., L
BRCAEER (I E AT ENENBONRE) ZDIFBIX—-,

W
N
&
i
iy
Lol

* -E%EED ()
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MFR1CHFROPEARILTEBEHEE0FR TR BESEOFEDZLICHEL. 2010FE5¥HTAN

ERT, 57F04 - )\ A Z—TyrHTS)E (Rz=+ )
HMRAZNIES. 20108FFELF, LD zE
HEFTIHIVEHTS (MEF IHEEBLTWS,

&1 HRAOEAEEDREA—HAIZTHR

u K EH 6L (HEREL) m R EH64E(7FOJHTS) B EKEN64(FTHIHTS) mERA-H
30

25

BRI L LR ECES
DSGILIAES. BERR

1
3
15 2 3 BFmDEETHE
p)
3
10 21 7
2
14 13
5 11 1 5
7
5
0 2

20104 20114 20124 20134 20144 20154 20164 20174 20184 20194 20204 20214 2022%

20

1 FBA-NELUFO6H. () NEAEBETOEHEERY) 52 FHEOFr LD ERIURE,

RERR : R—A>T, XTY—(SSL), OyF—R-X—F>, SE3 202268 B KBS TOEEHBELL.
J—=20v7+-495%> (Orbital, Orbital ATK)

FRM % : T77/)VA (EADS Astrium), AL A-7L =7 - AR—=2X
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3-7.1 [EEME (BE) EEFEEQ TR 22-002-R-019

o HAMEE. BENRZELTHD, MIEREEEN RO THOL14F X TEIZFECIDIZEDIRTEE
YR =] L/'CWZJJ . BRI LEEMIZOEHEHTS/SDS e EEN TS £ 1 SFELIF O F ARV

*HTS: High-Throughput Satellite, SDS: Software Defined Satellite

R OEREFILEEDEHEX—HBISZFHES

FTIHIHTS (SDS) DR,
ZEMIC205/FIEEDE L = p
sy  EAES 31 AEE QRS =S Rt -HE/BEICLS. REDMEE, HTS/SDSO XL

ARL—=SDEWNER

< x 3

30

25

20
TR D 1 3HE LK ECHEDSG
202_2515(185 REFs

IS, BIERRIEBROL
15 5 holEs==1
c}
; O%EEHE
11 13 1
4
5 1
0

20104 20114 20124 20134 20144 20154 20164 20174 20184 20194 20204 2021F 2022%
BERKENGHL(MERE) BERKREN64L(FFOVHTS) BERRIEN64(TIFIHTS) BEARA-H

1 IBA-HEUTO6%. () AEREHRNORTRETY) 2 BEEOT LD EBRIALE,
KER : R—A>7, IUY—(SSL), OvF—R-N—F>, SE3 202248 Ak S TOESHEL U,

J—2Z0v7-55%> (Orbital, Orbital ATK) e T T o A2 A AR - U2 $Es e 1
B’X'J‘I‘l% . IT}\\\Z (EADS AStrIum), /S’I/Z'vl/:_"ZN—X /3\54 ﬁlg}\X(‘:\J/H/%%Eéﬂl*itﬁ}_btiﬁm(L(i\ }\Z}_étﬁnabrl_o
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