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Extended Abstract

A Study on Taiwan’s Low Earth Orbit FSS Regulations
— The Case of SpaceX’s Starlink

Student : Chuan-Kai Chou
Adviser : Wen-Tzu Chen
Department of Transportation and Communication Management Science,
National Cheng Kung University

SUMMARY

With the rapid development of global satellite technology, low-earth orbit (LEO) satellites can
provide affordable satellite broadband services. This LEO technology has attracted global
attention due to easily deploying to rural and remote areas with limited ground infrastructure,
solving the problem of digital gap, and accomplishing the needs of industrial 10T connections in
various geographical environments.

One of LEO companies, SpaceX takes the lead in satellite deployment with its industry-leading
launch capabilities. SpaceX’s Starlink project has successively provided initial test services in the
US and plans to enter Taiwan market to provide fixed satellite services. However, the uplink
frequency of the Starlink satellite earth station is the same with the domestic mobile service and
may cause harmful interference. In addition, with the expansion of the scope of satellite services,
user terminals may be installed and set up as satellite earth stations arbitrarily which may cause
interference risks to incumbent services or aviation safety. Since LEO satellite services involve
different supervision issues, the launch of Starlink satellite services in the future will face a big
challenge in Taiwan's current satellite regulatory framework.

Therefore, this study uses the document analysis method to collect and analyze the
development of LEO satellite services as well as related regulatory issues in foreign countries.
With case study and comparative research method, this thesis focuses on the spectrum application
and foreign investment control, service authorization and license management, earth station
installation, interference coordination, and equipment certification. All of the above topics are
related to the supervision of LEO satellites in developed countries. As compared with domestic
current systems, we can understand the practical measures of satellite supervision in various
countries and then, put forward specific suggestions for Taiwan to introduce LEO fixed satellite
services in the future. To sum up, this study hopes the research results and suggestions can be
used as a policy reference for the introduction of LEO satellite services in Taiwan in the future.




Keywords: low earth orbit satellite, fixed satellite service, spectrum management,
interference coordination, satellite equipment certification.

INTRODUCTION

With the rapid development of global satellite technology, international satellite operators are
actively deploying LEO satellite systems to fill the gap of mobile coverage on remote islands and in
rural areas. This LEO system can allow aircraft and ship crew passengers to maintain reliable
broadband services and meet the requirements of the Industrial Internet of Things (110T) connection
requirements.

The Starlink satellite system and the satellite earth station use the Ku/Ka frequency band for
two-way wireless transmission. When the LEO satellite service lands in Taiwan, its satellite uplink
may overlap with the frequency band of the incumbent services, causing interference risk. In
addition, if the LEO satellite systems of different satellite operators appear in the same sky area, the
In-line interference may occur due to the use of the same frequency band. Furthermore, due to the
expansion of satellite coverage, the small, light, and portable user terminal satellite earth station can
be used at any fixed location within the range of satellite cells as well as to transmit and receive
satellite signals. Once user satellite devices are improperly installed nearby a specific area (e.g.,
around the airport, mmWave BS), they may cause the risk of interference. Therefore, the
introduction of LEO satellite services to Taiwan in the future will challenge the current domestic
satellite supervision regulations.

SpaceX, the fastest-growing LEO satellite company, has landed the LEO service in many
developed countries. Therefore, this study takes the Starlink project as an example to conduct in-
depth discussions. On the above key issues related to satellite service supervision in the US, UK,
and Japan, we analyze and compare satellite supervision trends and regulatory measures in various
countries, providing reference for Taiwan to introduce satellite service supervision in the future.

MATERIALS AND METHODS

This study uses document analysis, case study and comparative research methods to focus on
the relevant issues related to LEO fixed-satellite services, such as spectrum application and foreign
investment control, services authorization and license management, satellite earth station
installation and use management, satellite interference coordination and satellite equipment
certification. All other related supervision issues will be discussed as shown in Figure 1 below.

Firstly, this study uses the document analysis method to collect academic journal literature
such as satellite link frequency interference analysis and mitigation technology related to the
research topic and conducts research on the LEO satellite policies and regulations of ITU, EU, UK,



US, and Japan. This study collects, organizes, and deeply understand the regulations of various
countries on the supervision of LEO satellites services. At the same time, this study collects
research and inventory of the current domestic laws and regulations related to satellite
communication services and prepares for the systematization of the regulatory framework for the
introduction of LEO satellite services in the future. Secondly, each country has different needs for
the development of satellite supervision systems. It is necessary to understand the status of
international organizations, the communication industry of each country, other key industries in
other fields, defining each country as a case, conducting data preparation to collect and analyze to
find out the relevance of each index. The key points for reference and the concepts or principles that
can be considered by our country are studied and analyzed. Finally, this study uses the method of
comparative research to compare and analyze the supervision regulations on different issues of LEO
fixed satellite services in various countries and the current domestic system. Finally, we summarize
and put forward specific suggestions and countermeasures as a reference for the introduction of

LEO fixed satellite service regulations in Taiwan in the future.
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Satellite service
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Fig.1- Regulatory Issues Related to LEO Satellite Services.

RESULTS AND DISCUSSION
Through this study, we discuss international LEO satellite services and related supervision
issues and analyze advanced countries' development of LEO satellite supervision policies and
measures with the current domestic supervision system, and deeply analyze the trends and actual
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supervision practices of satellite supervision in various countries. The results and recommendations
of this study are as follows:

First, regarding spectrum application and foreign investment control, the US, Japan, and
Taiwan have different proportion restrictions on foreign investment. While the FCC has discretion
over foreign investment and can approve the upper limit of foreign investment based on whether it
conforms to the "public interest principle” to drive market investment. However, the UK has not
restricted the market access of foreign capital, and mainly hopes to promote investment through the
introduction of new technologies and concepts by foreign capital. In addition, as the national
security risks of telecommunications networks increase, all above countries have strengthened the
control and review of foreign investment in telecommunications network services involving
national security to ensure the security of key infrastructure such as national public communication
systems and telecommunications networks.

Secondly, satellite service authorization and license management ensure that satellite
frequencies can be used effectively and economically. All mentioned countries issue satellite station
licenses and grant satellite operators the right to use the spectrum. For example, the US allows
domestic satellite operators to adopt a simplified comprehensive license to authorize satellite
systems and satellite stations together to speed up the provision of satellite broadband services to
the public. However, for foreign satellite operators to enter the U.S. market, market access licenses
should be granted to foreign operators based on comprehensive considerations such as public
interest, competitive impact, spectrum availability, diplomacy, trade, and national security. The
UK's review of NGSO license applications focuses on interference management, competition
maintenance and encouragement of cooperation and coexistence among the operators to establish a
clear authorization system in public comments through an open and transparent process.

All countries require GW and user terminal stations to get the functions for preventing
interference and being monitored by NCMC. Contact points or satellite station monitoring centers
must be set up within the country. User terminal operation location information must be recorded.
Regulators need to set up "coordinated protection areas™ in specific sensitive areas and must
coordinate with the parties concerned in advance. The UK stipulates different transmission power
limits according to different protection area attributes and geographic distances. When the quality
of satellite transmission services declines, some required measures should intervene and make
corrections. In addition, the EU requires satellite stations to comply with high-intensity radiation
field (HIRF) standards to protect aircraft safety systems.

Furthermore, for the coordinated management of satellite interference, all countries have
formulated relevant management measures to mitigate the risk of interference. For example, the US
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FCC established an interference temperature metric to quantify and manage interference and make
the operators willing to negotiate to achieve the purpose of spectrum sharing and interference
control. The UK’s Ofcom encourages operators to manage interference risks through cooperation
and coordination. Japan's MIC conducts co-adjacent frequency technical analysis for LEO satellites
and co-primary services and delineates forbidden areas or station separation distances, etc.

Finally, to ensure the effective use of spectrum resources, prevent and avoid the risk of
interference, all countries have established a complete equipment testing and certification system
for LEO satellite equipment. All satellite earth stations must comply with international standards
and domestic management rules (e.g., US FCC Part 25 rules, EU ETSI EN harmonization
standards, Japanese MIC wireless equipment rules) and then, can be sold or used in the market.

To sum up, this study puts forward the following research suggestions for Taiwan’s
introducing LEO satellite service-related supervision measures:

1. Cross-departmental committee for the assessment of foreign participation in the Taiwan
telecommunications service sector is required for ensuring the safety of domestic telecom
satellite services.

2. GW satellite earth stations should be set up domestically to protect the rights and interests of
users, ensuring national information and communication security.

3. Reference and adopt the US satellite services interference coordination management
mechanism to achieve harmonious sharing of spectrum resources.

4. Evaluate and plan interference coordination protection areas to avoid the risk of domestic
important infrastructure facilities to interfere by satellite earth stations.

5. Incorporate the HIRF standard into the domestic satellite earth station regulations with
reference to the EU's practice to ensure aviation safety.

CONCLUSION

In view of the introduction of LEO fixed satellite services to Taiwan in the future, the current
supervision of satellite communication services may face many new challenges and insufficient
regulations. This study discusses foreign LEO fixed satellite service operations and related
supervision issues through extensive data collection. This study also compares and analyzes the
supervision and management measures of LEO satellite services in advanced countries with
domestic current systems. Then we deeply analyze the trends and measures of satellite supervision
in various countries. Finally, the research conclusions and relevant policy recommendations are
summarized to the domestic competent authorities for reference in future governance.
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i BR [R] 2 13 5 22 (GEO)

GEO satellites at altitudes of 35,786 km
. N Full orbital period of 24 hours

A Latency (round trip) of approximately 477 ms

[\ {2 (MEO)
/ 3 MEO satellites at altitudes of 2,000-35,786 km

Full orbital period of 127 minutes to 24 hours
Latency (round trip) of approximately 27-477 ms

KL 2 (LEO)

LEO satellites at altitudes of 160-2,000 km
Full orbital period of 88-127 min

Latency (round trip) of approximately 2-27 ms

* R R g

F#L % %% ADB [10], 2021-04.

R ,&igl_\jx,.‘%ﬁ‘{ﬁ B WG EE Y SR A1l - 8
P A TR BRI R A GWHIRT A LR P i d] L e
BGOSR PR PR AR AR o F T L (B
R fodpda) b oo Fh i A d 35 ~ 3 B frdpd] (Telemetry, Tracking
and Control, TT&C)# {7 » TT&C ehi & E 748 T - h + % Sk & ~ 38 (70
FILATRE > RFLE R AL pepuE oo FEA R SRR AR A
B 7 #7on o



| Space Segment

Links

inter Sateliite > Wﬁw

o

g : -
N 7
Satellite R TT&C Ground '
Operator Eﬁ Station ‘—éé
~ T 7 Ret User
" l{ \/ ™ I?i:l:n Terminals
- = 3
Metwork | |
Operator &\é Gateway/Hub %|
e _J
Ground Segment yser Segment

W7 R e A B

744 &k R IEEE, Satellite Communications in the New Space Era: A Survey and Future
Challenges, 2021.

ROFEE 0 FEEF FAAREFRE[12] 0 ¢

4h— v P
Fh ik

O P OARFIGEEL: R U F R X FRRARUAR R YIET G

d ITU Rav el @ B o

O AM4ERE: KX T EARIFELE R G PR AR c TALL L F R
vBIA o B R Sehize i B o ¥ £ - BRATEE
o A kBB T T LF/T 6

f?f * ‘))‘;E.F)’L\ A /;E %E,’ EIJ ITU rij@;] “?,—5 E&?

kphit -

® irilsapk (TT&C) : facp [H4ak (sensitive link) » 15 46 TT&C 7 %
HiErkidl s 29 o i (ZHE) ¥ ERFLE R
CEDIRE 8 S i

#

—\

¢ H Ak

v
@
(3



® ik Timpe (ISL) : £ fFh 2 Fergaps > ¥ 2berg R fmg i
oo R RuEIR LR L G bpAARL o o ISLF R BFE 2R

“

Bgn R K AL W LA G RS G 2 __%ﬁ{m;},\?\ 3
FAFSEE R o Pow w ITU IR Y L3t  MT 4R > * F ET 7 K

FIFV 0 TV K (T L 4AR o
22 AL AED F2 MAFLFERR

221 RRWwEERALXDF

CF 2R GHE RS FH R AL R R LR
® g

RArE L o AR > ¢ 3 $ = A4 224 (3rd Generation

\

Partnership Project, 3GPP ) % K% GRS I | BT S S Fh iR
PR o G MR A BE AP FH S THIF R RNERLHE ¢

(International Telecommunication Union, ITU ) 7= & # #& 4455 i1 7 977 2
P2 MEH R FRLIE AR o Mg (LEO) R FE LG RER
ﬁw@‘*ﬁﬁiﬁ&%éﬁ%@m@i%ﬁ’?ﬁi%é%%.Pm¥’
R %‘%f{ﬁﬁf‘*m%%ﬁkﬂ o FIpt v BIME S FIFLH S P A gp 4R N Ml 3
wh A ¥ > bl4cE B SpaceX # B & 4824 (Starlink) ~ 47 5 ¢ (Amazon) 7
Kuiper :*3]% & B OneWeb 4 %3 ) (i 5wk F 233 > F & 23k iwh &
HAer MpEE T R o

‘F

g% RFk 1 ¢ (Satellite Industry Association, SIA) ** 2021 # 6
P e (2021 & kA 5 %3 £ (SSIR)) 4 11[13] » 2020 # b h
BAITRERATE > £ 1 2020 & & £ 3,371 4 fh TR MR R (7 1L
2019 & 3 £ 37% ; FPF 2020 & 23 fEh A ERP( 50wk W > wEF
b R PRFEE B G R B)BE 2,710 BE A B P B G R E (dop
S PREER)AEN S 1,353 mE oo fFh PRAM(Ae ik L PRI ~ B
RRPETFE)R G 1,178 ¥~ A F A3 2ok irE A F R A B

94% > % A i & kiR o 4oB 8 Hrw o
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S Satelli ERE
T I A=
2020 Revenues:
2020 Revenues: $4.3B $12.2B
Satellite Manufacturing Launch Industry $1 1 7 BB
BEWE $12.2B (5%) $5.3B (2%) * $7.9B
wEss Television $88.4B '
[T $6.3B
Broadband 52.85
Fixed $15.7B
Mobile $2B y .
Remote Sensing $2.6B Satellites Launched ;;._....
Mission Type
—— —
Ground HHEAR
1 Indunlry mma [Z ) E::l‘pmem
2020 Revenues $5.3B 2020 Reverwes $135.3B
$17.5B
frsoeriis o et
Equipment b
$135.3B (50%) $103.4B
GNSS Equipment
(GNSS devices/chipsste)
e
by Region

W8-2020# 23t A ¥ HARAE E

74 kR SIA, State of the Satellite Industry Report, 2021-06.

222 H®HFLEFRRAR

PoR%iEF e %"a"—"zm%ﬁ [REEE N o2 LT I S5 MR Y
# [ SpaceX 7 Starlink ~ 3 ] OneWeb ~ 4t £ = Telesat 7 Lightspeed fr % K

17 & $k e Project Kuiper 3+ 3] & -
(1) # ® Starlink 3+

p o Starlink A fFE %% 2 & &k 5484 > £ 1 2021 # 10 * > SpaceX ©
Al oz b7 5550 o 2 v iE 1,664 3 5 o SpaceX 3t 2015 £ 7 F H & A
400 A PRI E K 1,440 HEGEE 0 U EDITR A At @ RIRTE
Hg R v e L FHFp4 £ - SpaceX BE B 52 8+ & B R3H3)] (&3~ &
BonE) A A i 100 RBE ~[14] - FPFF 2019 £ 10 * 15 5 FCC
¥ % & SpaceX w ITU #% < < & » ¥F¢f ¢ 30,000 % Starlink % fie ¥ #
# > At FCC ® %8 5712,000 % Starlink {7 % [15] - SpaceX f%t A 3t47
AAEDFEN A > FEAFRHF N H B P RS A U e
% o
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(2) # R OneWeb 3+

# &) OneWeb ek 3 8B PI# & 5% B A fuirh icE 5 322 3F
(2 2021 # 10 * ) - OneWeb = @ = = »t 2012 # > é;fé_j}i?\—"z (& F54¢
) AP L RAE30mE L 0 A 2020# 37 FILZEFT & T A
[16] - {4 d f@]ﬁiﬁj—%? 2020 # 7 " 15 g #E ;uf%if”é-‘iiﬁfi45%5;’if}v\ » BPR e
Bharti Global » 1\;%.#}“\? » & OneWeb & *t:ig 7 pL A 42 & [17] - IF P* 2021 &
1 " OneWeb =% SoftBank - Hughes Network Systems #-%f *t 3 ¥ 4 i %
oo T 3RR3 2022 & RF SN 648 SR s 0 B>k R 2 18] -

(3) 4 £ + Lightspeed 3*+#1

tv £ & hTelesat = = »t 1969 # > 7 #ct £ hfFrk i G 5% o B LEO
2404532016 £ 0 F T T B 120 3E # & o Telesat »t 2018 & B 40P 2R
PR bt H - 35 (4 - ) A LEO fFh 0 ¥4 2021 & o H LEO &
A& % % Lightspeed 3+ 4] #-d 298 3f ¥k % = [19] - Telesat 2L.3]> 2023 & ¥ 4~

w ek 0 & LR R4LF 50 R E ~[20] ¢
(4) % R Kuiper $+]

F WL S G Mfrs ? FeaoRTie X F 0 2 Project Kuiper 3+ %13t 2019
EPH 0202070 L4 ﬁé%?%mm@@ 100 % =~ > ¥84d H B 0%
& ¥ Blue Origin = @ #2342 » & 3307 €47 @ % a9 841 5 [21] - Project
Kuiper 3+ 3|4 A g stz ok » L F WMWm=Nd T2 | ¢ (FCC) & %84
3,236 # i h i FPRAEY 0 AR A ST8SEHTAE M L 18 TE B Andk
T EPRF%[22] - Project Kuiper 3+ #]3f 3+ & 2026 # = = — L Gk i 5
iEh 4 -t 2029 # R P o

EmREE T SRR PR30 R R ek 4k 1R o
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21 AAAFEEd s i n ki
SpaceX OneWeb Amazon Telesat
Feeder Link: Ka band Ka-Band Ka band Ka band
B
Service link: Ku band Ku-band Ka band Ku band
RESE 540/550/570 Km 1200 km 590/610/630 1015/1325 km
Km
HERETE 573-960 km 1100km
BEHE (B%5/5t1E/E5) | 1664/12000 322/648 0/3236 0/298
= 200 Mbps(H4K4R)
R T47(DL) 350 Mbps 75 Mbps(CEE X 42)
35S
— 30 Mbps(Hl#)K4R)
EF7(UL) 130 Mbps 6 Mbps(EE X 4)
Latency ZEE 20-40 ms 50 ms 30 ms 50 ms
Consumer Backhaul, Broadband, Backhaul,
BiEmiEZ broadband, government, backhaul mobility
cellular backhaul mobility, Broadband
FRET Z KB ERTE 20224 2022

TR kR AR A

2.3 Starlink % (3 & )&

B o BT AP B }Eﬂ

LR

AR

B PR L

d >t SpaceX AP m R'Fw < Mk EF 0 H R

#RBRPETD A

BB 7 U R L BAEIRAY 0 S AFT 1L SpaceX % 4#3-4](Starlink) %

¢ 47 314 17 ° SpaceX %

= %2k 3 (User Terminal) o 2 ¢

J& (NGSO Satellite Constellation) ~

4&(Starlink) &

ﬁ;{d;l@il@ 2R

i lﬁ E X % (Gateway) & *

o Boadop B 3% i PR AR48F (Service Link)
i Wiﬁﬁfiﬁiﬂ'lﬁ i
ip 4f A 4aE (Feeder Link)iE = &4 3

LR PR

booo PR R 0 & 48

Downlink
10.7GHz — 12.7GHz

Starlink
Satellite

Uplink

/14 OGHz — 14.5GHz

Earth Station

Uplink
27.5GHz — 30.0GHz

Communication Link

Downlink

17.8GHz — 19.3GHz

"4

.

Starlink Gateway Site

W
Starlink CPE +
Wi-Fi router

W 9 ~ Starlink f#Fk% i ;H%’;,Eﬁ_

Based on Starlink Services submission to FCC

7L & ik The 3G4G Blog.
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2.3.1 Starlink i& {e45 £
1395 SpaceX ** FCC & | € = 2 #jiv= i* > h4AR 3 BR A ) (7488
AEC % 27.5~29.1 GHz ¥2 29.5~30.0GHz » T {T4aE AP L 5 17.8~ 18.6 GHz
£7 18.8~19.3 GHz » @ * »tiFp| ~ if BYE? 4] (Telemetry, Tracking and Control,
TT&C)en b 7447 B 5 13.85~14.00 GHz » T 74 #4p £ 5 12.15~12.25
GHz #7 18.55~ 18.60 GHz ; SpaceX , %t2Z_ 3% T"t‘*ﬁ;?i}*‘%lﬁ] v ok 2 AR o

% 2~ Starlink f#Fk% 3 3488 3 & * 47 F

WIS AEHAE EIFSERR

EfFU/L) 14.0 ~ 14.5 GHz

AR A5 —~
T43(D/L) 10.7 ~ 12.7 GHz

) Ef3(U/L) 27.5 ~29.1GHz - 29.5 ~ 30.0 GHz

T RIES
T43(D/L) 17.8 ~18.6 GHz - 18.8 ~ 19.3 GHz
EF7(U/L) 13.85 ~ 14.00 GHz

TT&C -

T47(D/L) 12.15 ~ 12.25 GHz - 18.55 ~ 18.60 GHz

FAL Kk SpaceX ; A AT R IR
232 BHBEENET B i
1345 SpaceX ** FCC £ | ¢ #77 & i< £ > SpaceX thi 4% # &2 &
WIR P F Lk e h 25 B MRiFEE R FE A 0 B HARE R
Lt f A4 LS o AT 0 8w E AT i B iEE 8 4y
R AR R 0 TP TR A R KuSEE R TR o SpaceX #rdk Al en
AP B A T R W R HRARTT P i 3 o1 SpaceX P NGSO fFk o

SpaceX ¥ = N ML & 52 Fh 4 L3 9 & (Steering Angle) @iis?lr‘n
Lo drRI10977 » B¥ 2 ek @ 4 @R e T 05 5 ReNFhEFER
K4 37 ¥ B SpaceX ¥ - N M LiEE FABRMFELR RS 340 202 > GF
B B LA KA & 27450 boresight (& X2k > nadir) 2 % & & % 5 59.4
Bk REXIENL 6272202 o
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i s AT. __________ altitude « 3"
- - - d \\ h_"’“=—-_‘_“7‘_=
4 \\‘
s \\
s ‘\
7 .\"_/ \\
o o -
e [s ] a AN
// \
¢ \\.
/’ RS
y
/" ‘\
4 ™
£ N
s \\
e N
Earth ‘\' ° g7
Station .* R
& area the satellite can cover ——

(radius = “r”)

W 10 ~ 3k 153 Ku#g g2 ik 3 & #& +» 4 (Steering Angle) fﬁﬁ?]fﬁ W

7R %R ¢ SpaceX

23 HIRTANE )L 25 A2 £0F 20

PR R(Alde) | o0 |\ g4 | 350 | 510 | 515 | 520 | 525 | 530 | 535
a (km)

=< 3 %

bl 504 | 593 | 592 | 571 | 570 | 569 | 569 | 568 | 56.7
@ (deg)
o
r"*(“km)” 6272 | 636.8 | 6431 | 884.3 | 8914 | 8985 | 905.6 | 912.7 | 919.7

7R &R SpaceX

2.3.3 3 12 [f] #x(geofencing)

B AR A Starlink ik APl e dodg LHREB P TG P SRR

B 3%dp LR BB S - Bz (cell) 5 * 2 ohStarlink X & A s fe - B

m¥% o ek % S 8 Starlink £ 9%t i e B 0 B EER -k e
P P e Starlink 3K % 2 B PRAR  fE S 20 0 P Bm R R TR o SpaceX R
Pz 2 Ak 0 A 2hiE & o0k T2 #k(geofencing) » 4] 11 #7% o
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Service Concept

Core Network
‘ Internet

——— Ground
Geo-Locking (H#lFZE#H# F) = Gateway

W 11 ~ Starlink ¥ 2 4 4% 4

AL kR SpaceX ; AT R BT

1395 SpaceX P  Starlink * = ALY A @ * Starlink.com 3 p pFeT
HEGPRIEE R 0 B 2 R LRI REPE > T L AR P T 5 b B3 AT AT

iy A FR/RERE S 4ok G o BT VAT CIRBE AT AATEE @ % g
AR FF PERFTRTEE Y AJEIRE B PR AR R H b

T BRIt by (TR 3T[23]

2.3.4 g 5 F AP R

Space X * = ¥ T A L AR AFHP FLAN T hBBE
PR EFEE RS TR E o a4 1w & (Steering Angle)
“rig A R MU F RS n g 0 Ak ¥ & (Maximum Slant) £ § B+
%»ﬁ 4.06 W > % 4Rgh + (Boresight) & 7 +ﬁ»ﬂ$OJMN;%$$%
Bdo & LG B R B 5P 5 38.2dBW (EIRP) » Bdlgh} & Boo| B s 5
33.4dBW (EIRP) ; ¥ &~ M & £ 5 &) % 513 & (4%4c © 30.6 dBi ~ 3 &% :
32.0dBi) > @ * ARFh ;P £ B * X AN F (42fc 0 33.2dBi~ #5346
dBi) > FEEHAFAK AT RIC AR S B L R o MR F A H B TR
R A
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% 4 ~ SpaceX #t# | 2_ B9 B

R $E#(GHz) . & X EIRP ENREREE
— N~ 3.5° (boresight)
TITHERS 10.7 ~12.7 & 64 QAM N/A 55° (at slant)
= = 2.8° (boresight)
LITHERE 14.0 ~ 145 &= 64 QAM 38.2 dBW 4.5 (at slant)

TR kiR SpaceX

2.4+ pesE it
"EE B BRI R chE R ETHIE 0 1990 £ L ¢ 3
AFR L LED FE KA 2 E A R P L [24] o £H DI ATE IR
h iy PR 0 B R [25]¢ o fy i fert 12 47T OneWeb ~ Telesat
fr SpaceX f1LEO & bk bedk ko 53Rl 2 Bk Sibfdic ~ & 2 B GR
Feb B irip s o B(GW)F Rl PR D T a8 P AR EFF2 0 F &
PRI B e R HOR > da TR B R TRE L AR
HAF(efo? FHgE o0 BIERAS G ET L FRMHRE
e NGSO-NGSO + s ¥ # (in-lineevents) » ¥ it #-#% O 2> @ 4r S & P en* &7
FAARLZ B > N E O 2P ~S 2P T o P e GW A sdape (b (74apefr
T F4aE) 2 B A T &E,’L\‘#—'ﬁfé‘?& 4 ‘f*‘"ll" WA s
THRELESTFLRARET R LERT UEP AR - BRI F
cE i - is % L f (disabling beams) & 1§ 447 ¥ (splitting the spectrum) & = 3¢

ﬁﬁ,’l;}% o

F1ITU % & 5% R (RR)FE 2_F) 2_f#F & PRIZ(FSS) i€ * CHEFL ~ Ku #f B v
Ka #f E AR 5 4% F1[26] o fe & 27.5-30 GHz 47 fuak d] A iF 5 FSS ¢ 7 4d8: &
(3 3h Tk = ) > #2 3GPP5G NR {7 #> 4 it i@ * 1 FR2 38 (F4F fx N257
(26.5-29.5GHz MF 5§ LA+ 4fenh ' o Fl > T I RrEHT A 4 0

P4 S AT R RO K Pl R R (AT o

BT G 0 v pR[27]7 0 4R R % i B A (GSO HTS) 3f
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T 4 ¥ 28 GHz AR e15G ¥ & R NF P HE L 47 o AT FBEF K GSO
FEF T IRT A5G B G R g | FREE R RIET IR 0 @ FSS
fo5G ¥ G R BT L 28GHZ M F Tl i B FIEH F (T 0 AT T D
oA T Y B L R R e AL SRR AR R Al G

PRAcFSS 2 Bz & % > 3 w f&7 a0 hF R 0 deB] 12 97or e

ﬂ o nal x
s Space station
> Interference ' N
Y \
/ @ \
B S S
i @- —) g /
= Terestrial slation
Earth station

W 12~ GSOFSS HlE» 3T £ fv5C ¥ & R R+ IR

F 4L % ik |EEE [27]

#%F7 1 % 48 SPECTRAemc HL#iHiE LR 41 ~ M F fris 7 X7 3 Lk
B % 4% 26.5-29.5 GHz 4 B Tk #% 0 i (GSO)H Z_f# % JRA% (FSS)
SiFEE T ARG G TR FN T G FR S KT AR
KRR g FHRTLERRIFFES > 8 RHERFIE IR
R REFRRC] c FRFREIRT L SOERP v MG AR AT EERY F
FLIE® 2 IRT E EIRPfrX B BAXF > M3 5 5G B (RX)IR F b | v
B X R o PP BHIRE 0 0 N E B S P IEERIN G - B B R g

2 (EIRP e 83 &) NP5 B L B MG Eren 50 o T 7 7 23k o
SE MBI oSG H G R BT R 0 BARE T R F ol
Voo Er PR FLERTLEMRY G 2 RXOG ¥ § BB ik e

FEHL o
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Vot fe[28]¢ 0 444 & Ku #EE T NGSO-NGSO v NGSO-GSO e #7 =+
BHZ RN BEFT] IR NER %2 FRE® Z B Rl pae i

AR ir(Look-Aside) (4 1 3%k 4 f $Ljkn) ~ 4F 5 4 3(Band-Splitting) 2 ITU
GSO W3l Hir > %A 1 7 B HuE ~ 4o B S dcfor 5 sb 2 2 G gma g

= 2T X 2E A 27
7347 > T B I

0 P o mﬁﬁ;ﬁiﬁ,rg ¥R A )LJ'UEQET,E{,—’}% ek i%3E GSO

Fxd

7% NGSO + 3f o B 5 4% 79 NGSO-NGSO + 3 Fr | H iiw H_15 AR B jkv(Look-

7
Aside) » 2 FIH M it ¥ 5 A HE ok o 8 E B RAE 0 F R {4

SRATEFEEINFEEY > 123 F NGSO iz BFentifips iv% > 1y

2 hfEfeR P FREE I I NGSO-NGSO £ ¥ £ & o

Bl o d A ITU 5 5G AR RNz EHF Y 0 @€ * 6024.25-27.5GHz 4 EL
2 ik 3 3] ESIM( Land-ESIM, L-ESIM) b {7 41 5 ¢ * £ 27.5-29.5GHz #f £
APAR > VAL A4 ORI F ROk e 0 4ol 13 AT o

L-ESIM

W 13 ~ L-ESIM v 5G RAN 2 [¥ + 3§ 5§

F 4L % ik Heliyon # [29]
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3% ] 48 &34 (minimum coupling loss, MCL) = 2 » &% L-
ESIM # 3 % & ~ 5G Ak (BS) frifp A fL? & {7 0% = X i (UE)Z F ehdp
i if *+ 3 (adjacent channel interference, ACl ) > # &4 B &K FRT » A 47
HBpHFsFfhifcd BT RAITPLF DT> > 12 B RFNTE DD
wh B RFE R F PR IEER 5G PRAR O 35 B ESIM fo 5G RAN 2. fF 7% ehfg

AR o PF YR R 0 ESIM &2 BS v UE s | FFIREESE S 35 = 2
fe 12 22 > SR E -147dBW/MHz g A PR F 3 - AR5 ER
% o BAR AP AR A B R A A KIRE P 5 LESIM ek o T

it %3 S5GRAN #.% 5 T F3f -

edo | FHEEEYIEE S 6 0 ¥ pE[30]Y > Zhang #4430 R T CHF
Bge Ku A7 B4y ;U*'v 7% ¢ 4% (Earth Stations on board Vessels, ESVs) 2 FSS f# % i@
R IREEAE o AT Y R R A M ESV K B o B TR T
(FSR) #jiF%#k » £+ ITU-RSF.1650-1 223k 2 [31] » - & FSR ehf & fozF+
a%ﬂ Aok L2 BB T RBIRE LIRS m T &R
HEALEERE o AT Y 3B {818 4 A 5925-6425 MHz (CHEEL) ® o
BAE 1.8 &% Ak BRIEFES S 250 22 ~ B 45 1.2 & % X g |
FREE3E S 350 22 o ¥ 4 14-145GHz (Ku #E) ¢ » B /2% 095 & 0.8
DR XA MG FEH S 150 22 > B S5 0.6 o % 0k Mg FEAE S 100
4 °F§Z Fwmaae AN FER P HESV A gfr’iﬁ'ﬁxl’\ FS i = A
PR ERKEE B RS ESV TR R L F I g el
B MFEWFS ehiRE o R k& o

J
3

ek iR “é}é’i’ﬁ%ﬁiiﬁ%@?—fé% I ’{iéjl?%[?,Z]“ PR ATHEE B O
1 H b e fRH 9 0 A4 NGSO-NGSO + 4Bit 7 R B b %35 » 15

B A BT kPP FLERfY Eak R Y o g R

o+

O RO k3B Ka#E £ (LeoSat ~ O3b ~ OneWeb 7 MEO v
Telesat) 4= V #F £ ® (OneWeb &7 MEO ~ SpaceX 7 LEO fr Telesat) =
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341¢ NGSO & 2 FFéhfe 48 F 3 b & o A7 7 T2 NGSO fk fot = & =4
B ZenTfER'G 50 > FIZF 2 BlchT4ER 'G5 FE GW R # - #

{w,

TEEFM o KaHE e V HE P h NGSO-NGSO F 3 h " (%14 o 2K % 4]
% & OneWeb frSpaceX 7 P ac HE s A 2 F 3 > FT HFRATE A
118 4R % f# (look-aside mitigation) (7 F & ¥ i@ 2 B ey ) BBF R X 4] &
B AT AR R o FIERE R S 2N

(coordination) °

WYt AT SFFDEE >0 o éﬁ’)ﬁ%[%]v’ » Enrique Cuevas %
AgE T Fde T S 1 A 3k 2k (Earth stations on moving platforms,

ESOMPs) st gk 2 & g P+ B o 27 T 4p > (78T 23 5f sk (ESOMP) &

She

- SR B0 WP A X CoKu o Ka 4EECE (0 L S B gE
A ody B G E R 5 JRIE « ESOMP e BLE & % 29 /| chx R ¥ »
7 7 £ ER 4 Si(tracking systems) k dF EAwi dp e B RGFE o L d U AL
AAE P I E 0 Ft AR B RRT 0 R Sy v 4 3% (pointing errors) F it § ¥
MiEE N H W RRFT kST 3R 4 o d 3% ESOMP % =4 %
Ripw FLAEWHE > A2 HERPHE¥F % & (EiRP Spectral Density, ESD) ¥
ARG REWRE o W % & R % 1Lt 2 2 (statistical approaches)iE i7 F 3 4
TR EHE T G A G T o 37§ A ITU-RS.1857 3%
3 [34]F = - A HE R U] ESD > i a R0 R Mg A e

AL G 0 d ST ESOMP RV 3% AR BE T RN > Td A

R ki
e S o LFL ESOMP 7 ¢ $f4pAfiFh Rpeid 2 3 T F 4 > ESOMP
AR E ?iﬁ% (70 28 95 T TL M 3K e pn(off-axis) § 2% 2 £ B+
COESD *U] ~ A EARITHEE kSR A BRI R o ¥ L BT iR
J oo FCC LRI & F ESOMP itz — B 2 ST A E » % 4 ESOMP thi-
BB S g e Y hiFk o £ & & ESOMP i Hcdgp i b B
R bldet & 2 30k £ (VMES)E % 5 44w @ - % (FCCPart §
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25.226) ; 4pdad 3k T & (ESV)X > # 20 4~ 45w @ — = (FCC Part §25.222) ; #
43T 4 (ESAA)T © % 1 A 4w @ - = (FCCPart §25.227) « ¥ ETSI £

£ RESOMP Z %> 100 &= erff B3R 24 H =% o

Bk REFBUNFLPLE o fFE P 2 B © ] 3] B & in-
motion(¥ ## #)"hfe & - FhE Y ©F Ak e e RN chiE e BRE SR
Yotk B EL > Voac HESBLE 2% KRB R o ;i@;;%[ss] ~ [36] ~ [37]F  dw it
R BW AT RRR I BT F o F AR AP 2HFfoF R
TR R VBB REL ER Y < £ o &R T MR B i
4 BREWHE B T B %R §E 53(High-Intensity Radiated Fields, HIRF) | &
Boooalded AP EERLE 2l o B2 Jgk[38]ﬁ%ﬂ2‘ P P EE S
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