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01G�nÆ�Au

21�nÅ�¿À¬ĈáíðÎzJ��ÄÃÆ01�`ÇG¼Äi�ÆK
Ó�²À°Ñ
»ÒÓ��ÁX8ºÑÆÇ¬×ČĈĊċþçßÂæÙøċûêçÆ��Á¯Ñ

þçßÇ�wÅÇ�Wv��îçĄāČëČèÁN$½´¬�®¬01ÉÆ�:´�³¿¼
þßç´Y°ÑçüČçXf´�`¹¼ĈáíðÇ�5Æ�`Î��Óp¼9¬ NASA�Æ
V�ĈáíðÂ¹ÀD\¸ÒÑ·ÂÅÄÑ
Ê¼¬çüČçXfÇĎ�)��ÆLEOzJÓ�s¹À��^Ó}±zJ��qStarlinkÆ
QlÓ�ÌÀ°Ñ

�H¬ôíð��ÁçëČð¹¼ÕþêĊÆ�PuûêçÇG(ĈáíðÆ�`|�Óy±ù
ĆČÛąæĊfÓ�h¹À¬óĂČåÙöČñjÆĈáíðÓ�`ºÑ�H¬ çüČçXfÂ#
R¬,FÆLEOzJÓ�sºÑKuiper�]Ó�ÌÀ°Ñ
Ê¼¬ßĄØñ�ÆãĊ÷ĂČëąéČçÓK��¹ºÑAWSÆB-ÓbC¹À¬�^Æ12k
=Å7�ºÑzJ��\'Z3ÅAWSäČõČÓ�s¹¬·ÒÏÓd�Å�EºÑzJ/'
���qÆQlÓ.ÌÀ°Ñ

·Æ��Æ��ae*uÇþçßÇØäÞ¬ûêçÇÜĀÅ�²ÏÒÑ·ÂÍ¯Ñ´¬»Æi
�Ç.Ê¿¼È³ÐÁ¯Ñ

þçßÂûêç´��ÁX8ºÑG(ĈáíðÎzJ��qÆG�n´.Ê¿À°Ñ

þçßÂûêçÆ5{

×ČĈĊċþçß

1971 0S �ÕøąÜċúćðąÕÁ�[
1983 12 2<âČÿéøðÓ�`¹�+
1986 15 U~U&ÜòìÉ �g�»Æ

9¬müĊåĆûóÕ-Å�/
1995 24 çëĊøÚČñ-/�Å�Ë´2I

Á�/¹¬éøðfZipÓ�P
1999 28 �xITfÓ�#�h

»Æ9¬#fÇPayPalÅÄÑ
2002 31 çüČçXfÓ�h
2004 33 îçĄÅ��9¬�Å

øÔĆãĊ9Æ�TÆ%!Å;�
2019 48 StarlinkzJÓo60)/MÁ>¾�

¶�.
2020 49 îçĄOÆK�r�´ðăëÓ@µ

æÙøċûêç

1964 0SmóĂČĀÝåã4Á�[

1986 22
úąĊçðĊ-� �xIT��Á
ðćČïÖĊàċåçîÿQl

1994 30
×ĊëČôíðL6Ó�P
t5¬Amazon.comÂ¹ÀçëČð

1998 34 �hc9ÆGoogleÅ25�čÓ?�

2000 36 01�`�PùĆČÛąæĊ�h
2013 49 ĉåĊðĊċýçðÓ�!

2018 54 øÚČùç�^�u_	Á1�Å

2019 55 �^12k=ÅAWS'Z3�s�.

2020 56 FCC, KuiperzJ�]Ó�"

×ČĈĊċþçßÂæÙøċûêç
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�W¬�lªkFv��Od

kFv�¬.�'�36�km�\«zb�·¡GEOkF§Xv�·¦�¡��s6-
C¬2(kF¹�9500km�1400km«zb�¦�W¹m�oV�wº§�¶�
�W«
²ÝÓ¨¬v����fª')�K¢7�0& ¶�¨�kF=£��ÄÈÏ�
.5«�R�·¶³�«ª¤¡�¨�eI«�¶�

¡¢��GEO�U¬kFv��ÒèÉ¬0& ¶½á»«^¤¦v�$a¹p1§�¶�
¨�'��´n¦/\¹[� ¶LEO`§;�§�¶kF¬t3Pf²kF}ÔæÐ¿è
Õè��l§�¶ª©�´��:¨±kFv�Åè×È¬�Q¬'�@¶�ª�¢¸��

T&��W¬�ªkF�Od-�¬GEOkF¹zb�¦�.<¬v��Od²Au�O
d��%B8P~«v�$a¹?��¦�¶�s6�4KG�z��ÝÕ¼â�Od �
ÕÍÃÛèâ$a�h\P².(#i �$aª©¬�l�+��¦�¶�

s6¬GEOkF�KuçKa¬7�4)¹�U��×èÜ¬\}-{9¹�°¶ª©«³µ1
kF¬�oÈâèÚÍÏ�CZÂÁ�1Îàbps«y ¶vHTS (very High Throughput 
Satelliteê, �¶�s(super)HTS¨"®·¶.(kF¬|Y�wº§�¶�

GEOkF�:¨±kFv��OçÅè×È¬LQ§�µ_�¶¢¸��

�W¬�ªkFv��Od

�Od L> ,��(20196ê kFC
érx�GEOê �c

SES âÃÊæÙâÃ 19.8�Þèä 40 �«O3b 20*

Intelsat ]ÕèÇÒ», 
McLean 20.6�Ðâ 50

EcoStar ] ÄäàÐ, Englewood 18.9�Ðâ 20

Viasat ]ÀáØ¾âÒ»
Carlsbad 21�Ðâ*1 3 *1  ¬�O¹!¯

Eutelsat � Öá 1278Z�Þèä 36

SKY Perfect JSAT EL M	 1395�� 18 �«LEO 1*

Telesat ÀÑÌ ¿Ëå 911Z�ÀÑÌÐâ 14 LEOÄæÈÎãè
Æßæ¹oV�

Inmarsat j%äæÐæ ��Jë7.3�]Ðâ 12

SgqN«*¥�

�W¬�lkFv��Od-C¬GEOkF¹zb

1. kFv�¬DH�
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LEOðĎõúČĐóĉĎ

20M���Öăċďïéù�Þ{WÉÍ=×Ąčôêìû

BCąĎ÷ćĐd�Öàâ¼[x�[%×G7�^æ�500�1400km×��Ö¢�ÉÑ¼
íčĐāċÕ�^���Ò¾ãLEOðĎõúČĐóĉĎæP�Êã�vÃ�çÒ¿ã½
đðĎõúČĐóĉĎÓØ^NæS.Êã½Ē �É¼�ÖØBC�§Ò×fz}�×ÍÝÖ�
EÕJ:�cÕÉÖĂéčøû�^æUÏ�ÆDªæ¦@ÊãîĐõÞ¾ãàÀÎ½

2&���ÖÞăċďïéùY0×Teledesic�v�Öàã)e×#ÄÃ¾ÐÍÃ¼UÏ�Æ
ðõûÃr>Ò¾âDpÉÕÂÐÍ½p5Ø\7čîøû×w:ß<[�^×)_UÏ�Æ¼
`ÖØ�^g1×>£stÕÔÖàÐÑ�^19¾Íâ×ðõûØ©�yÖ�mÉÍ½

ÉÂÉÕÃá¼þĐöÃA5Êã68Ö+ÅÑē9×ÛÒñĐăõ¦@ÒÄãGEO�^Öj
ÚLEOðĎõúČĐóĉĎØ¼<[�^×¢�QÖ�ÝÑñĐăõ¦@ÒÄã¼óõúĆØ¡
ÂÖ�¨Ò¼ĈĐò�×��Ø?�æ�#Êã�^ÖLÖèĎúýæW+ÈËã�^�H
g�ÃR�Ò¾ãÍÝ¼��ăôÿõ×T ÖØ«¿ĀĐüċÃ¾ãÎåÀ½

ÌÇÒ¼LEOðĎõúČĐóĉĎÒØh×àÀÕ]�Ãb"Ó�Ááäã½
ď���;×6q�n�×
×ñĐăõ×Y�
ď`ÕãUÏ�Æðõû�mß¥F/$

ďđGEO�d�æ,ÜĒ���d�§×(�ß'�

LEOðĎõúČĐóĉĎÖØ>ÄÕV�yĊõìÃ¾ã×Ö!Á¼�dĊõìÞ«¿½

�ÕLEOðĎõúČĐóĉĎ�v

*1)  2020M_oÒ×�v[

*� OneWeb Starlink Telesat LEO Kuiper LeoSat

X�� OneWeb Space X Telesat
Canada Amazon LeoSat

�^� đ6�«Ē 540-570km 550km,1110
-1325km

1000-
1248km

590-630km 1400km

�^�[*1 4408 4409 1671 3236 78-108

-k[K Ku/Ka, V Ku/Ka, V Ka, V Ka Ka

�� �4Ù×
Chapter11
u�Q¼
�~�P�

ISL¾â½
Falcon9Òē
3Ö�609
æUÏ�Æ

ISL��Ò
GWI[×
�mÓE2E
�Oæ�m

GWIÖ
AWSëøô
æ��É¼|
	Ö�Z

ISL��
2019M11a
Ö�¤��
Òl#�i

1. �^��×\_�



p fefahkokinjlagmjcbaeded6

5G2��Q1Z

-"^W��?K�S4°E²��0%±����������Z�7N�¨¯�¯�
���VD|��3GPP(3rd Generation Partnership Project±�q	(�&zLt�/S4
�G��P���t�r

��3GPPy�8G�}�3/�5G°E5��±�� §��q���Z��v�q95�
©¢�@T��)�t��<7�[��$H�:=�T[����t�r

²GPP��q{��u�IoT�¯¤����©£�¬M���£¯�z�t����,��z
��u�q��I³G�� §�Q1M�R�s�t�+'~�NTN°Non Terrestrial 
Network±��8G��2021-22#_���AY�6U}�t�r

NTN��qGEO�LEO�Q1��vq*!�Z¦ª�¡¥�¯§(HAPS:High Altitude 
Platform Station)��X�}�t�r

�wqQ1J>�IoT��q~��IridiumF�Q1Z�7Ny;O��¯¤� \�P
���t��xq�.���¯¡��¦
7�BC9]�LoRaWAN�SigfoxF��ª��
�"�=�LPWA(Low Power Wide Area)0%���Q1����`}�t�r

-"�7N�IoT����¯¤���«�+����Q1Z��+'�6U}�t�r

²GPP��NTN

Urban Rural Remote Isolated

®Integrated/hybrid terrestrial and NTN
®Multi-beam NTN
®Internet of Space Things
®Cognitive terrestrial-NTN

®SDN/NFV based NTN
®Network Slicing  NTN
®Edge Computing based NTN
®NOMA based terrestrial-NTN

“Non-Terrestrial Networks in 5G&Beyond: A Survey”, IEEE ACCES, Sept. 2020 ��

3GPP��NTN�6U

1. Q1Z�/2�
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ñGPP NTN¬±Ouv�

NTN¬²^'±(�åÛÃê±z�G7ÀàîÎ°�qHz�&m±[?Àn@¥©Qo
x�¹�P,JÀp�G"¬Ou¥«�½�(�åÛÃêl±�}Qo±,J±¶¬NTN
çîÌÀ�1¬¢¾³��03±C.¡L:¬¢½ª¿��
¨¤¬�NTN±XmG7²�LTE±R±º�¯G7À�D¥«�½�

íZ_3 \4)±ËÞÆæéÁÀ$VE-~§½OFDM/OFDMA
Z_ÔæÙê¥« èìÓäÁÇÐÎÔæÙê, �KÖîÒÔæÙê�
�Y��¹�;íbt��

íMAC3/éìÇ3
éÑîÎ±�¼8«rT »éÑîÎ�¼8«µ¬±B�
�Y��W/jNÝÂîØÛÕÇÀz¦©,wG7íg��]±|`�;

HARQ°º½ÜÉÕ×�y�;�y����;ïALCð
ÚìØÅîÛî�_ ¯®

©ª¥�qH&m¬²{6I�¡.¢£�ÊãìØ°2§½ëÎâìÎ¡{¾½©¸��ÄÃ
ìØÄ±C.¹B�±,J¡=r¬�½�µ©�[°LEO±* �Ðê±e�°��Ðê�í
qH�±ÚìØÅîÛîh±B�¡=r°¯½�

NTN±Z_3¹MAC3¬²LTEG7²a¯½B�¹[?¡=r¯½ª¿��

ñGPP¬±NTN�P±Ou

3GPP  Technical Report 38.811 Table 8.4.2-1 À�°
A

NTN±[< �N 9�±�½�P Ou��

qH/fM±e�

Ðê±e� ÚìØÅîÛî/áîÍìÈ B�±sc¥

{6I�,� TA B�±sc¥

ØÕßèî ÓÄìéìÇ¬±�L!L ËÞÆæéÁ��sc¥¯®

�5ò. {6I�ò.

HARQ HARQ�SÀ#·B�sc¥

Z_3B�ïACM, TPCð �;GUsc¥¯®

MAC/RLCB� ÒÃãîEsc¥¯®

ÐêËÃÏ: . {6I�±,� èìÓäÁÇÐÎ>i¬±TA B�±sc¥

qH�k%±[?
y�Q±�cm? PAPR 	PAPRy�Q

�d�� PT-RS 	R,wG7±�`

TA: Timing Advance
HARQ:  Hybrid ARQ

ACM: Adaptive Code & Modulation
TPC: Transmit Power Control

PAPR: Peak to Average Power Ratio 
PT-RS:  Phase Tracking RS

{6I�±+�¹Ðê±e�¯®±9�´±n@¡=r

1. qHz�±FI�
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Viasat-3

[Ø�� »È¾ÁÆÕÉ«
Q�©vHTS

Z�ViasatU¡Viasat-1, 2b=«Q���²Ç®»¥$1���h]�ª�'��O)��
�vl¯Ó½ÕÄ¾Áµ¼»·ÕÆ»ÖExede Internet×«8����©�
�U¡vlk�� sd���5�©�£��f3� XÙ��b=Viasat-3«Z r�
J*Ô�BÔÇÏ³�º!.L u�o]�©fR��©�¶ÑÃV 4t¤�¨b=6
�����( n3�P���©¤  �2021/�§22/�6���©����©�

Viasat-3¡Viasat-1,2��F�Ka,«
Q�©��¤��1��� »È¾ÁÆÕÉ«M&�©
����? 1T bit/s �j%p«@�©�

Viasat-3�¡�I ¦��·ÕÆ»«8��©����©�
Ô�EÌÕ¸��Ç¬¯ÅÕk�K^�©1Gbit/s¢� vlk
Ôk¯ÓÇÎ�A:� ;_+��	2��C� ¯Ó½ÕÄ¾Áµ¼»

Ô<#H¥ÆºÄ»º°¾ÁY F��`WH�9TMbit/s¢� ÀÕ½k
Ô�a$1�100Mbit/si vl¯Ó½ÕÄ¾Á¥VoIP·ÕÆ»

Viasat-3¡N�cm� b=�¡? %p«@�©��fR� HNSU Jupiter-3, 
EutelsatU Connect¤�eG b=��©GF��©�ViasatU�¡>�Viasat-4 Dg
«q"���©�

Viasat-3¡º!.L���¤o]�ª�AqS��¥`WH�¤·ÕÆ»«7 �

Viasat-3 ÆÕÉo]¯ÊÕº

Ç±ÒÕÂÏÓµ¡
TDM, 16-APSK¢��
Ï½ÕÓÏÓµ¡MF-
TDMA, 8-PSK¢�

�\H ,�-¡
500MHz, �¡1GHz
�0��Ç±ÒÕÂÏÓ
µ�¡�500MHz,
�- TDM´ËÏ
«j�

Viasat·¯Á¦¨

2. HTS�LEO¶Ó»¿ÐÕ¹ÍÓ
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2. HTS�LEO£»¨«¹½¦¶»

O3b mPOWER

Phased Array�»«��W3���?�@(

X_�O8�km�L�Á8c��<�����MEOU7�{�O3bU7�2021+8?�
�W20!�^F��{�z �U7�12��¯·²·�»«�4Z��~�y}�10��
µ½¥*��c�¤½°¨¸» Fy>��2��¢½¬���*��±�½©½¸» F���
�|�z
O3bU7�2;��SESK�µ½¥*5���fV"�'/����y� U7�g=[
������|��y���9���=�0T�;��=�	U7mPOWER�2021+
d
�3�����&�{�z

¼Phased Array6-��»«���°½³�e%I�E1�yÀ!{��5�
�y®ª¬
º½ ���:$��W3�
��G����?�@(��z
¼�C*��»«�Phased Array6-�F|����yU7��C*��S�e%I�
°½³�[)�U7c�°½³�9��T���z

�����y�µ½¥��DI�R�\�],M�2��:a�U7°½³�6��.A
�`1��Phased Array�P%��J�e��WN��¦¨«³ SDRM(System Dynamic 
Resource Management¿�bH��|�z

���#|��Q,�@(��O3bU7�yfV"��/��U7�[����¨¡½
·°¸«��;��~�y=�	U7��°½³5�hYI"������z

O3bU7�mPOWERU7��´½§

B��O3bU7�°½³
¾ÀU7{��10�¿

mPOWERU7�°½³�´½§ SESK¤�¬��
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Starlink

1440)Ü�|ÀÄQcÉ#iåć÷è�.Ü�j

Space Xr»�ÔÚLEOäąèîăćçÿąStarinkÏ³��1584)Î�PÜ'��ºØ
550kmÎ�vÎV��Ö�L���Ì�|À³2021;�ÌOSÜ!Ó�k�(Éåć÷
èÜ�.ÂÚÊÀÈ·Ú´ÑÄ³1110-1325km�vÌÕ��2825)Ü�|ÂÚÊÀÈ·Ú´

	i"_I8Ïåć÷èāąâĈþćæ6ć�P�ĉÌKu8³øÞćìćāąâĈôù6ć�P
�ĉÌKa8Ü	iÂÚ´¾Î¸Å³åć÷èāąâÎ"_Ix%ÏZÉ¶Ú´

Ćåć÷èāąâ"_Ix%ċ �Ù 14.0-14.5GHz, �Ù 10.7-12.7GHz 

�P�ÉÏøàćéñÝăßN=Î:�ÝąîòÜi·È�\nÌ÷ćýN Ü�?ÀÈ'
�&0'cN ÐÎ÷ćý�5Öd3êĂ�ÙR¹QÎ÷ćý¢�s�Ü�¸´
þćæ6ÉÏp>50cmt<Î�og)TÌ�q¿ÛÄ+IÎ@4ÝâîÞùz/»÷ćý
ÜhBÂÚøàćéñÝăßN=»�ÊÀÈ	i¿ÛÚXWÉ¶Ú´

þćæ6ºØ�ÄLEO�PN Ï{¹Ã*�ÂÚÄÔ³�[�PÖ�Î��[�PÊÎN
 »�FÂÚ�ÌÏ¾ÛØÎ�PÊÎ�É�_9`»hÁÚ�}A»¶Ú´
�rÉÏ³Ċĉ÷ćýN Î�? 2)�·E AÎ÷ćý 3)"_I��i Ì×ÆÈ��P

ÐÎ9`$�»�}ÊÀÈ·Ú´

StarlinkÉÏMC�Î�mĆ1¡Ü�ÁÈ³+¼Î� Ü�^À×¸ÊÀÈ·Ú´

Space XÎStarlink

TgÎY�»y60
u
Ò�ÍØÛÈ³Ąãíð
wÌ�2¿ÛÚ´
�µÏphased arrayÝą
îòÖ��/�Ì×ÆÈ
~¼ËÆÈ·Ú´

DÙlÑÛÄ-��]öóĂ
ÏS�f�ÎĊU»7�´
âāúðąáèÜeKÊÂÚüć
ĂèĀèëÉ���|Ü�?´
èûćèïùāÜ�Ç½��Â
ÚOptical TrackerÕG�ÂÚ´

Starlinkåßð×Ù

2. HTSÊLEOäąèîăćçÿą

V��Ê�L���ÌI�Î�PÜ
�|ÂÚ´

öóĂºØÎ�3�Ì×Ú,J�b
ÐÎH��aÎÄÔ³åąõßæć
�Ù�½Ü1¡ÀÈ·Ú´
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Kuiper

LEOÉêÎÓèìÌäê®´Starlink¯��

AmazonZ x·½LEOÉêÎÓèìÌäêKuiper´��k3236%³hAÀ"i��»
590km�630 km³�]²{e§½�Kuiper´KOAty³'²�½.8A -�§½1

M³�$Kuiper BeltíÅÂÚìàçÕî²SG§½�
a!FCCíwzv�( 
î´Tp�³4mßéÍÄÆÕÀ�ZßéÍÄÆÕ�H³F	�§
±¿«��@³hAÀ52��(20262µ®î²;«�£½±°³F	¬¡®202028D²n

�¦©�

;«�£éÈÒÕ´�i¥¾�±� �àÏÎl^³Blue OriginZjéÈÒÕÀ�R§½¯
¶»¾½�

�R�J@1´ÊìÛÎæêÆíãìË/ìhA~î�ÝÁìÑìæêÆíØÞ/ìhA~î¯¸
²Ka1À�R§½�

Amazon´ÆåÃÖ�²�½ÉêÜâìÐsLÀB~r¦®�R®¡½AWSÀ�V�!®=
¦�½ ��[hA �7¦©U�_³ÔìÐ�QÀ�NX²g�½º�²§½©·�
20182º¼�V³12`:²"P/À}l¦�¤¤²AWSÊìÙìÀle¦ÔìÐ³�Q
¹f\Àg�kU¸x·�½�

LEOÉêÎÓèìÌäê®´C6Wª �"�c¯b¶�¿¨©d�� 3¶²±½�

Kuiper�'³Amazon)*ßéÍÄÆÕ

�AWS Ground Station�
Iq�&�"iU�>5�v�ë?u±°®³ÔìÐ�
7��Q�f\±°Àá×ìÍÖ#ÊìÛÎ¯¦�,²
=§½�ÇéìÙç0}³"�ÎÓìÌäê¸�R¦�
Amazon EC2³º�²+�²l�À�R¦©�ª¢o|
¥¾½�

�Blue OriginZ�
�Z³New ShepardéÈÒÕ®�¼�E��
gÀY<¦©;«�£+�²9�¦�½�

2. HTS¯LEOÉêÎÓèìÌäê

Amazon, Blue OriginZÊÂÕº¼
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$��F6�¯®dDp
�t

O���'�Mv¥p
·ÎÂ¹¥&�¦��µÎÃË«�lµÎÃË¥���]ZR¡
=	�¯ �®�19900{¨¡¦&�¥�yp
¦GEOdDZR¡Sp�¯ �����
L2µÎÃËC4¥&)u��q©�%A¥¸¹¼È�Bg�¯��¢¡dDZR¡¥�
yp
¦�r¥Qo¤x¯®¬�¤£���

O�ªdDp
��8T£5�°H�� �®�t¦E��n«V����p
¡�®�
dDZR¡¥E��n¡¦�TV
�°1��@��%A¥�
+¤�;¤s
¡�®�¢
�1 9«�"9¢��dDp
¥N7°P���¢�¡�®·ÎÂ¹¡�®�

��¡�dDp
�Q¥TV�n¤¦&�� K¥3���®�
1.  >n�I_«CATV�I_¡¥+v�n Ï³Ì¾|(¤¦`j¥��\ZR¡s
Ð
2.  >n�I_�i*�±Ì¼¿g^¥�_¤U<s


(DBS: Direct Broadcast ServiceÐ
3.  ¹ÇÎ»«²ÅÌ½¥O��¥YG�nÏ±ºÄÊÌ´Ð

V����¡¦�cb�aWJ�k�¢¥p
«,-r«./X¡¥ÉÁ²Ëp
��®�
¨��MNOÉÁ²Ë\¥Áº´ÆÎË�]ª$��fm¨¯ �®�

E��n«V��¢¥p
¦dDp
¥�Q:&�F6�¯ �®�

$��F6�¯®dDp
�t

E��n«V����p
ze�!h

3. :&�®dDp
·ÎÂ¹

ÀÃ+

�MNOÁº´ÆÎË���IÍ?3Jw�

�>n+v¥�[�n� ��_§¥U<s
�

¶±NW

�V��¢¥p
�

�O#�¥YG�n�

¶±NW

Áº´ÆÎË�]
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5. O.[�-&

£²©�Z

TV����Z-&

O.IA�TV�Z-&��¤�¡±O.+Z�}�6!�3:�5^ETSI z���
DVB-S ¶Digital Video Broadcasting - Satellite·, S2-&z$|0���w�u

DVB-S2-&�DVB-S�'J-&���2005#�CP~��R2�v�t`L>�V�T7
D�¶FEC·�32APSK������W-&t�ZY=)�(��+Z�X��x�VCM*1

�[��X��x�ACM *2�]@tQ,��Z�¥°µ¶TS: Transport Stream·�� 
(�����tSD¶3:S	%·, HD¶`FH%·, 4K+Z�}�����Z�{�u

?��DVB-S2��¨µ¥1,2zv�t¨µ¥2�DVB-S2X��64/256APSKE�MODCOD
��³µ±�ª(5%,10%)t1�3¢¯§±���¢¯§±¬´¤�´�EzR�~��w�u
DVB-S2X��36MHz"��1�J����U3¢¯´§±�4K��z�Z�{t8K��1
¢¯´§±z�Z�{�u

¶9·4K, 8K+Z��tHDTV¶2K·�8��t»K�K4�S	%z����¹�t8K�4�
�����tBG,�4�t16����uS	%�}��|t\w�{�;�y��?����
ª²µ²µ¥���M<N��?����N�*�z����w�u

DVB-S2X��º¢¯§±���¬´¤�´����36MHz"��J5�3¢¯´§±�
4K/	��Zz�Lu8K/	��1¢¯§±�Zz�Lu

/	���DVB-&

*1· VCM: Variable Coding & Modulation,  *2) ACM: Adaptive Coding & Modulation   

HD 2K SHD 4K UHD 8K

/	
��

S	% 1,920 x 1,080 3,480 x 2,160 7,680 x 4,320

/	D��-& H.264/AVC H.265/HEVC H.265/HEVC

DVB-S DVB-S2 DVB-S2X


��¥°µ ��TS Q,TS��«�±�

D��/�W®µ¦ _�� �� ¶VCM, ACM�]@·

FEC °µ¦ ³®´D�
1/2�7/8

LDPC + BCH
1/4�9/10

�W-& QPSK QPSK, 8PSK, 
16APSK, 32APSK

QPSK, 8PSK, 
16APSK, 32APSK
64/128/256APSK

"�ª�±¡³µ±�ª¶%· fd¸fh¸gh fd¸fh¸gh h¸ed¸eh¸fd¸fh¸gh
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MNO�±®©·½º X

�N�!�¹±¨ºh��?Z¾MNO: Mobile Network Operator¿�R;¾UE: User 
Equipment¿�%#,n�f��¤£��¥±®©·½º���pi X¥�����*�IP
²ª®¯�5a��4V���£�

±®©·½º�h/��´¦¨±½ �cª½µº�#� X��£��1)�!"¥9�
£!���k#$ �#��\7 X�L�¢¤��£�
6<���-.S��k#$��\7±®©·½º X�/8�L�¤��£���(��
%#,��)`@[HG+8�#� Xa��]G��&��±®©§®¶L���\7
±®©·½º X¥P���£�

MNO�¡£¹±¨ºh��mOg�!��6/KD UE���A��£��¤�\7
±®©·½º Xo^�)��3)���£�

Northern Sky ResearchQ�b>���20190�\7±®©·½º X¥�L�£%#,
���N�%#,����1.7%�j��������:���N�W	��T���¹±
¨ºh���L�������¢���o^3)����\7±®©·½º X�'��£�
�F���£�

%#,�lYIB�¡����������d%#,��n�¸¨©»C XS�4V
���¤¢¥=��\7±®©·½º X�«§°®¯¼½©�4V�£�����

±®©·½º X


2�\7UM�±®©·½º Xo^'�_e�¤£

\7±®©·½º X
¸¨©»C X

«§

°®¯
¼½©

«§

°®¯
¼½©

3. 3)�£\7h�¬½³

\7±®©·½ºL#J,¥aY��
MNO%#,
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3. 5)�£]<h«Ã¶¬

:+E��h«Ã¶¬

Ku. Ka.¥	L��ti�g�IW�L���F�P����h����)Ho¥Z
\�£:+E��E�h«Ã¶¬���?����£�(��)":+E��E��k
 E�`X�h^X�GEO]<TM�!�§Á®Ã´°²V�6U�¤��¢��+�E
��WiFi^XTM�¼Ã¿ WEB¦©¬��Y��£�

]<�W��Å)H )p�/)�!#¥(8�Ku, Ka.�¬¹°²¶Ã»�¨µÃ���
£ Intelsat, Inmarsat, ViasatR�7����£�

ZQE���G�¡���D�ZQE��VSAT¥`X�E�«Ã¶¬¥7����£�
ÂS Æ Gogo, Global Eagle Entertainment (GEEÄ, ViaSat
Â;BÆ Panasonic
Â·½Á¬Æ Thales Group
Â ¬§¬Æ OnAir

:+E��VSAT`����E��k�`X�£["¦Á±³�A�m_��£�
0c¦Á±³�Z\���'��£]<9��f, ¶Ã»�@¥\���¢�r\��
*�¥�a�£������K&bs��C���£�

n>or\¥_�£:+E��:+��§Á®Ã´°²«Ã¶¬�2q��¢���£�

:+EL�ZQ!J-¦Á±³�


["¦Á±³�2q

�¦Á±³ g¦Á±³

¦¯¸®Ã
¸ÀÃ²

GogoO�ZQE!J-2Ku�¦Á±³ GogoO«§²¡¢

]<¦Á±³
WiFi¦Á±³ (%4 
�8�E��N�£Ä

]<hL�g�E�¦Á±³
`�e��^��¤��£�

E����ZQE�Z\3$ ]
<dj3$¥���¦Á±³9�¥
�1�£^X �¬²¾ÃºÁª=

�¥l�£^X�`X�¤��
£�
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|�ÐO�\����v

MNO?1�s®�V�¨D��§�¸��¢ÁÑÉÃ¿Í¼®��
±!#©¢�
t¬{¶¹¸�� 8��/!¨�·�3'«�tO#»³¦:��¨®�!�?1�s
��T¨�¸¿Í¼�^®� ��¬K¯§º¡�¨�¸��V¨®�!�YQ�H!´'
N®?1�9¿Í¼¨�·�¢�¨v¬®,¶pCv��T�¹§�¸�

N�»kn ¸�]ml®kn)�´�SW«xk£²¬pCv�3��T�¹§
�¸�uO»P%© ¸-"Pm³P%´0%8$»�¤B��< ¸£²pCv�'�
«J�¬«¥§�¸�

y~v´f7)�v(MÓ�¶��b��+A©n�v°¨�½ÏÊÎÁÅÆ`pC
cUv®zF¬º£·kO»d�¸m�)�Z�´[�¬4_¥§�¸�
�6³j�kn=o«ª�E«¸IT�w.�F5�¹¸�

ÒMÓ19122Ä½ÄÇÅÀO~�@»(I¬�ml)�Z�£²�*�¹£SOLASG
a¨®ml¬rhi��¸Rgvr�«ª�q*�¹§�·��}kO ¸ml¨®
½ÏÊÎÁÅÆ´½ÍÂ¾ËpCvr�´XLÐ�LRgr�rh�i�	�¶¹§
�¸�

!�ÌÈ½ÎeÁÑÉÃ¿Í¼&¨®½ÏÊÎÁÅÆpC`¬µ¸pCv�3��
T�¹§�¸�

|´O¨pCvÁÑÉÃ�T%;

MNOe�&¨v

3. >' ¸pCvÁÑÉÃ
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IoT ×Internet of ThingsØ

)$ ��®8�«��¨?�¨$D�£���¢n�� ��@=¨ÌÅ�¢n���«
IoT�3� f4n�µÖÇ¸�r���:+�¬��«�

$D®be�«´Ô¾Âdc�¢´Ô¾Â��¢- WK¨�F�È°®N��BihG 
�¢�q¢�r�£��¡f4IoT�6����«�

�,£�A¢©� f4IoT¢EN�r�.$�«�_�ª¬«�

ÕLEO´Ô¸¾ÒÖ¶ÎÔ¢EN¡©«�xo¿Ö»n�
$D¨be5u¢R^��¬«�?F®pb�«dc�bT@�jH0<

ÕLPWAÄ½ÀÓÖ³¤¢Æ½³ÉÖÑ�]¢1�
X$v ��£)$ k��¢�I¢M`JC¨�"¢WK®�SºÔµÖ¨¯³¼Í
²Ö»®��2(\®Æ½³ÉÖÑ���LPWA�e ���«���2(\¢µÖÇ¸²Ð
¯#�£f4Æ½³ÉÖÑ�]¢ÃÖ¹�x��L!- V¢�w�§LPWA�f4Æ½³
ÉÖÑ¢Y��£89����

¯ÔÏ°ºÔ¸(	N¢LoRa, Sigfox¨MNO¢NB-IoT, LTE-MV¢LPWA\£
f4Æ½³ÉÖÑ¢�N��k>¨L!PgV¢)��r¡IoT®.$��«���

f4n��NIoT¢


f4�]��[�¬«LPWA\

MNO\�#�¢n�

3. .$�«f4n�µÖÇ¸

°Ð·±ÊSBD�¢¿Ö»�m°ËÖ·

GW'����¬�IoT¿Ö»£/%�¬�µÖ
ÆÖ�«�£ËÖÑ¯ÁÒ¸¡mª¬«�

FD��¯Ô¾Â
×Q*7.6cm, x�16.3cm) 

@�Yl¥�aU;
×31.5 x 28.6 x 8.1mmØ

Õ7$Ë½ºÖ·tÙ
×m�Ø340Æ°À
(��Ø270Æ°À GW

LPWAU;(LoRa, SigfoxV)  

µÖÆÖV

920MHz( �

��&s¢ºÔµ¿Ö»�GW�ªf4ZO�³Ï
±ÁµÖÆÖ¡w¦ª¬«�



¯ ¥¤¥ §ª®ª¨©« ¦¬©¢¡ ¤£¤£18

�QK�[!ÇB}M 

PVâéÖéÌ+¶·�h

1970=�Æ-ÊÀ½�Y�Q�Çp:È��Q°E¿�¸çØÜÞ°$j9ÂÇF~
�Oµ&uÆÅÀÁ²Ð±¹Ç³¿�QV	ÂÈ\ÇÎ³ÅW�µ|CºÑÁ²Ð±

è[!Ç��è?g

èl(W�ë �QE¿�¸RÇI�Í�L
�<Æ+¶Åc>*�° /1zÆÎÐ�S°swl(

è�BÍ0�Bë N�»½'�ÆÈ�kÂ¶Å²¹Ã´Ï�²�B°
efÍ��°���{�G�}ÅÄÆÎÐ�ÇK�[!yÉÇ@�

¹³»½�»²W�Ó�ÙÚÞÂ�DÂ¶ÐÎ³Æ°�=È;'ÂÇ+�mnÍ�.�ÆÎÀ
ÁA�ÆB}��µ�Ô¾_m�Çboµ�ÔÂ²Ð±�RÆ°��ÇÎ³Å�QV	Â
Ç�»²W��2È_m�Çtv�pÓ�7è��¼Ð�XÓT»Á²Ð±

PVÇ�.[!âéÖéÈ°�QV	ÂÇ��Í�{æáåÂ�²#�x��ÓT»Á²
Ð±

8%��°�}iÂ�U�ÆÒ½ÀÁ�²�Bµ`ËÏÑÐ�QK�[!ÈB}�
�µ�ÔÂ²Ð±

��QK�[!ÇB}M 


*1) J��Ç"6�>(vê 4 ����>(g)
*2ê,��Õßå×éÆ4¼Ðp�Õßå×éÇ^
*3ê�d��Æ4¼Ð���Ç^

rq �{ HZ 1990=�´ÏÇ�]

�.�ÆÎÐ
�5��

ÚãÚÛ
^J�*1 (Ispê 300 ⇒ 1500

J���^(mN/kW) ⇒ 50

�3�Ç)�

,��a �i*2 (%) 15  ⇒ 37

àÜÝäé 3� (Wh/Kgê 25 ⇒ 170

TWT�[ }i*3 (%) 25 ⇒ 65

4. B}M ÍOF~
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ÒÕîÔîÝî

�¬ZBÐ���*¿±Î

2003.9»�³ÌÏº<MP§ÅÊÆµ¨°¤A¦Ä��Ð�Í}®¾V'(Ä+6G§Òã
Öí¨¯Ì4k$Ð;»-Í¤2010.ÃX�-�¿±º´ÀÅ#±ÂäéðÞÀÂ¼º¥
´Ä§ÅÊÆµ¨#EvÄ7�ÐÉºÌ¶º\_Ä�½ÃÅ¤FKñ'(e&ci8ÀNECò
°�`¶º�5sÒÕîÔîÝîμ10ñUòÄ% °«Î¥

'(j�Ä�p	Ä=�ÃÅ¤�m°Â¬ºÈÝÓâãÔîÝîÅ
®Â¬¥¹´¿qNµÏ
ºÄ°ÒÕîÔîÝî¿«Î¥ÒÕîÔîÝî¿ÅÑëÛîÊØàåîk$Ð,�ñÒÕî�òµ
¸º1¤�SÃË¼¾ÒÕîÐ��¶1DÃ�*·Î´À¿=��Ð3Î¥

§ÅÊÆµ¨¿Å¤çÒÙìTÄY*ÃË¼¾Øàåî×ÞÐÒÕî�·ÎÀ¬[tÄçÒÙì
T@�/ÒÕîÔîÝîÐ�`ï>�·Î´À¿¤nh4�H�À¬�J���Ãr®Î´À
°¿±º¥çÒÙìT@�/ÅÒÕî]7HÃ�O°�yÀÂÎºÈ¤2LÄD/ÃRÇ¾
�lï��ï���ÀÂÎ�W°«Î¥

ñUòμ10Ä�gÅb010cmÄçÒÙìT@�/Ð^¬ºμìÚâãI�Qèðáð¿«Î´À
Ðd¶¾¬Î¥

ÒÕîÔîÝîÅ�&=�ÔîÝîÃRÇ=�Å�¬°¤R=�°OÈ¾�²¤�)�
¿«ÎºÈ¤~��xGÄ�o�;^ÞêÞáÊV'(uvÔîÝîÂÁÃ�¶¾¬Î¥

��: JAXAÄÜÒãËÍ

ÒÕîÔîÝî

�a Aï|�

!/ ÒÕîÔîÝî/
X�Oæêßç=��

=�� Øàåî

=� 10mN

R=� 1,700f¯Ì3,400fñ�"ò

�� 36kg

{z)� 14,000H�

©μ1óÔîÝîÄ|�ª ©ÒÕîÔîÝîÄ�\ª

4. 5s?�ÊC:w
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¾ÄÂ´À´¶

\?�_d�@£�Y�5��N�" §

¾ÄÂ´À´¶��¬®ÃÃ³Ã�E�¬®Ã«lDi�ml�b�§=/��§�

¬®ÃÃ³Ã¤¦¢F8� *�§��8lF�p��´À´¶;nV��¦�8
��§8&.(N/m2)�p����¥\?�_d�@£_d�Y�5��N�¨§¤��
����

¾ÄÂ´À´¶��¬®ÃÃ³Ã�E�lDi�ml�,�¬®Ã«�b�§WJ�·¿º

Â��¦����·¿ºÂ�3=��T�«����§���T��2o�·¿ºÂ«ac
�§¬®Ã�l#��=��lPÅE)�TPÅBÆ�¤§¹Á¼¸«M�§�

��>��3�l#�¬®Ã�Q�§�¡�´À´¶�'G�(��e1�lTP0.«f
���¬®Ã�´À´¶��R)�¨§��l#�´À´¶
�T���¦` ¨�4�kD
��¦` ¨§�

¾ÄÂ´À´¶��a-�l#«R)�§jD�·¿ºÂ�����¦����¥�X�¨�
l#��g�¬®Ã�����ª¨§�

¾ÄÂ´À´¶��T�«��§����¬®Ã£l#«´À´¶
�h�`¡p&.��§
���8&.«����§�¢]�§�©��

¾ÄÂ´À´¶��U�lH��S�T�«��§�lH�T���=�S���=�
�^l�M�§���¾ÄÂ�B�OA���§�

¾ÄÂ´À´¶

�¾ÄÂ´À´¶��L�

4. 6Z9�£<7[

�+!$�²¬¸ ¤¦

SpaceX�Starlink\?��±Á½¸Ã¯´
«I:���¾ÄÂ´À´¶�\?_d�
Y«�5�§�
±Á½¸Ã¯´�°µ»Ã¯´�F��´À
´¶�K� *�§�	C�%��
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ÃÕÐÕÊÈÒ


©��Fo�N¦´VB·m¨´¦¥£�J9�

ÀÑ¾ÓÖSi)°»Ñ¹ÎËVÖGaAs×¦¥©Beª�t<P¦u$©�gI4q©ºÈÒ
¼Õ,ÖÉÓÆ¼ÏÄÌ×�
©Fo§'2�´���£�Ö#r×
���´¤ÉÓÆ¼ÏÄÌ
§Q0�´ºÈÒ¼Õ·���¢u$��g�µ´��©u$·uC�h£�³���¤£
Ö#r×uE¤¦´�

`@M©#ruE§ªz�J�in�o(�Öz	x3×©Ø¡�D®²µ´�
�©��
ºÈÒ¼Õ�u�§!8�µ´�£�´�Jª�j.15-20%R/���`@
M£ªU40%§k�´¯©¯�´��J9�§ªBe!A©����Fo©N¦´VB©
"+�¦¥��´�

"+�©�£�´ÀÏÕÌ©��H37��#ruE£ª�InGaPÖ¸ÓÁ¹ÎÔ»Ñ¹ÎÔÑ
Ó×�GaAsÖ»Ñ¹ÎÔËV×�GeÖ½ÒÍÇ¹Î×¤��ØSy©ÂÒ·���©Ø+¤�¢7
����+�N¦´Fo©
·���´�¤£37%©�J·k5�¢�´�

%&Tq£ª#r:)Y§±´���²�c�´�c[·b�¢o(��·� ¢�´�

¬�ÂÒ;s©1wiG©�®§ÂÒ·*����ÂÒ� §a=©7W·¯��¢�´�
"�©ÂÒ·=K¡¦�§��7W£ª�;sÂÒl�ªu�·OL�¦�«�³�d]§
¦ ¢�¬��²£�´�

NEDO ¿¸Å±³

��H37��#ruE

InGaP, InGaAs, Ge©3B>ª
ºÈÒ
¼Õ©��Fo��µ�µv�X�f\-
§�³���§N¦ ¢�´�

��£��µ²©B>ÂÒ·3+§m¨�¶
�´�¤£�#r
©ºÈÒ¼Õ·�+£
���u�¤�¢�³���¤£!8�J
·z®¢´�¤�£�´�

4. 3Z9�°?6_

A§�ÀÏÕÌ£ª#ruE©�·��
©155μm�²27μm¤^��´�¤£en·
U1/14§�G��ÊÈÒ·pO�¢�´� 15

5μ
m

`@M©#ruE§ªz�J�in�o(�Öz	x3×�D®²µ´�
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À»¼ÊÍ

¸ÃÂ¥`�j«y5^��©Êº®Å±ÌuJ�b=�¤

GEOb=�%��>�V���?A� b=�#O�2��©b=x�P�©���§�
�?s-� ¹ÍÉÍÁ¿Ë�¦©Su���������.?nR�4w��©m
b=
�%��b=x�?s-«À»¼ÊÍ�§�[u�¦��nR���©�

�y1«���©LEOb=� �#O«���©1�b=x�P�©���§�À»¼ÊÍ�
:u¶´Ë v.�&���©���¡�y1500km�LEO�b=fe+�«12/��
�%�� X65000¶´Ë�¤�©�

b=RÀ»¼ÊÍ������ ¾»µË-²½Ä®Å(Ni-CdÐuJ¥¾»µËIY(Ni-HÐuJ
�R�§ª�����N" Êº®Å±ÌuJ��K��©�

¸ÃÂ�§uH`�j£��GP��0�R�§ª��©Êº®Å±ÌuJ b=8kE
����@od���op��¨�	[u�pÏ°¿Ë³Í*1Ð�!�U�y��

����L�:u�]¨l��i�©5^��ÏÆÇÊÍ�CÐ����¤q+����ª
©�

GSÈ¬¶c�b=8kRÊº®Å±ÌuJ 2017/£��T$���b=�7R)\��¨� t
,%·¯¬ 35Î�������ÏWÑ�'(rS�R&h ZMQD&_h g;¦¨Ð

b=8kRÊº®Å±ÌuJ��

Êº®Å±ÌuJ 3B�¾»µË²½Ä®ÅuJ¥¾»µËIY
uJ�F¢�°¿Ë³Í*1�y��

4. 5^9�¥<6a

Êº®Å±ÌuJ &��:u¶´Ë��©LEOb=�¤qAs�R��©�

GSÈ¬¶c�b=8kR
Êº®Å±ÌuJ
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SSPA

c�½Ô»Ñf.¬xY�w°

L5�´Ku5¸
Y¢¶GEOvpG¬uO«H,���B�W`9¬#�'6"
ÛSSPA: Solid State Power AmplifierÜ�+�
Y ·¦�¶�

SSPA~.e§�¶TWTA³µ�<������\j<±�·¦�¶��� RB�
��ª¶«¥·¦~T�´¬�h~�«2¢¶��~�¬Q§�¶~��W���¢¶�

�¬~��W�~._�9ÉÓØÃÄÆ*1ÛHEMT: High Electron Mobility TransistorÜ«

Y¢¶fJ¬ÌØÊ¾ÒÈÏª©¬V<«,���/¡¦�¶�

:K¬SSPA«ÂÔÀØ²½Ô»ÑÎfÛGaAsÜ¬f.�+�Y�´·¦�£��t7�
�~$¸
Y¡¦�lW¬'6��l«ª¶c�½Ô»ÑÛGaNÜ �Y�´·¶³�«ª¤£�

c�½Ô»ÑÛGaNÜP¬|=��¶�

ÙU�3W���ÛAU<«�·¶Ü��S§¬�	��l§�¶�
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�<lSSPA¸0X¢¶GaN HEMT

HEMT~Z�MÉÓØÃÄÆ(FETÜ¬�a§�µ�ÅÚÄ�¿ÚÉ�ÊÖºØ¬Ý¥¬~N¸
Y¢¶�
�-~.�sn¢¶4�H�y~.�h4�HEMT1)v]b=«³µ[F ·£�

ª��GaN¬ÌØÊ¾ÒÈÏR|365nm¬g*�%«�¶���·«;{¬ºØÃ»Ñ¸��£InGaN
�q�%¬�mÇº¼ÚÊ¬JC¨ª¶�¨�EI�«³¤¦[F ·�ËÚÐÕr¸�r¡¦�¶�

AlGaN¨GaN¬?�
�«~.�+�}¯µ�
�_�9¬4�§�¶�
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TWTA

'$�+�9��b!J

4XP7��]�Y�P7��5�W}�5EW�g{��~*Q�z���xb!J�
�I�z�ZN<J(TWT: Traveling Wave Tube)~'�	C���{�y

TWTA�8 ��b�~g{���|x L$(1.5GHz$®}�V$(60GHz$®���'{$
��	C���y

TWTA��xb!^}�D#���b!>�x§� «<[(�U���1����bH<
��`�B��G��C����xb!�\��£©�¬~bH<�£©�¬��0���
bH<~�%���y

TWTA��/%��G����A+cFL+�=,��*Q~z�y
��~8 f�®ª¦©�W���/%x�G�cFL+�)e����x?�Tad��
Gad~����y���x��~f�ª¦©���"¤¢ �¥®���~���ª¦
©���@���R"��y

TWTA�	C��15&�{��_:����x�5��K��\C��S�����xm:n
(n>m®��_;-�C{���~�{y���xm�\C¡¨£©5xn�TWTA�5y

4. +M3��6.O

P72VZN<J�%�  TWTA®�
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4. 6a>�¬B9c

´Ï¿Á Ñ1/2Ò

74ÄÐÊ´Ï¿Á¤ÉÎ½ÄÐÊ´Ï¿Á

GEO¨l
dD§¢'�¨ÀÌÃ¾¹³Yl�¢�°C, Ku, Ka.¨´Ï¿Á£©�fu¦4
R¨ºÐÄ»·Í´¬l
)p¨<'³ °�ª�§H¨Ô¡¨C2��V�±¢�°�

1. 74ÄÐÊ´Ï¿ÁÖ
l
wg¨&�"N³¸ÂÐ�°¤¤«§�dD¤¨r¨0M³:!�°�"TZ§1�
�@��&A¨"S,§��
�³k
�°TV�k¦¥§n�°�

2. ÉÎ½ÄÐÊ´Ï¿ÁÖ
"�ËÂµÎC2¨�§���LA³\rZ§_¯j�V�°�¤£l
)p³yª°�
t=�°ÄÐÊ§©X¦ ��LA¬�L³V�°�¤£ÄÐÊr¨[�0M³s��

74ÄÐÊ¨U7§©��+qx³?Qx�®²��§%4��°�¤£l/�4¨ÄÐÊ
4R³%���°CK¤�&A¨�H?+�³�V�¢��¨�7L¨mCvW�fu¦8
E¨4R¤¦°�§�?+�¨v�I¤�[-³h]£Jª°CK¤��°�

�C�ÉÎ½ÄÐÊ´Ï¿Á£©�+q¨ONi§`�&A¨�H?+�¨�±�±§
k
G/�
G�=^�±¢�°��F¨�+q£©&AÄÐÊ³��§t=£�¦�#�
§©fA¨�+q³V�°�¤£P+·Í´³��§e(�¢�°�

�k)p³$���°�ª§�ÉÎ½»È¾ÀÄÐÊ§°\r&oC2��²±°�

74ÄÐÊ´Ï¿Á¤ÉÎ½ÄÐÊ´Ï¿Á

KASAT£©4�¨´Ï¿Á�Õb¨ÄÐÊ¨�±
�±³;3�°�Ó¡¨�4ÄÐÊ©��¨ÇÐÏ
Ñ�H?+�Ò§*5��´Ï¿Á©k�£�V�

�ÉÎ½ÄÐÊ´Ï¿Á¨	� KASAT�74ÄÐÊ´Ï¿Á¨	� Intelsat 30 

&A¨�H?+�³V�¢U7�°
Ku.¼¶ÏÍÏ¹ Å¾ÀÆÍÏÀ¨	
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4. 7e@�´D9h

»ÙÈË Ü2/2Ý

Ï½ÛÅÊ»Ø¼»ÙÈË«ÓÆÑÈÖ»×»ÙÈË

LEO´MEO¯x�iFª°���¯ÏÇÉÏÇÉÐÖÙÉ���"�¤¸¡«�¶��W-ª
°iFv,´ÌÙÊ¾ÛÍÛ¯§²®ÎÛÒE�º`�¢¥¸5k��¸�ÜGEOiFª³�
U®s�?t»ÙÈË¯!���.;¬ª°ÎÛÒE�¯�y`��5kª�¸�Ý

LEOª°$�ÖÙ¿ÑÛÃÙ��!��ÖÙ¿�q¯"�º:�¸§²®°iF?t»Ù
ÈË	ª³�ÎÛÒº��¯(�d®<�¢¥c ¸Me�N²¶¹¸�~�»ÙÈË¯µ�
!�®°`�®�¨©iFH���º
 ¸EO³�¸��Starlink´mPOWERiFª
°Ï½ÛÅÊ»Ø¼»ÙÈË¯ÎÛÒE�º��(�dE�®�3¤¸LKª�¸�

Ï½ÛÅÊ»Ø¼»ÙÈË®°#A¯»ÙÈËb'��·��b'º�=¤¸�Q¯�]/º
`]�ª"�©<�E�º"�¢¥¸�¦¯��2I¯w�»ÙÈËª°�b'®��º
}¤¸��ÜDividerÝª¯$���>%�n�ª�¨§�

u0�TVSGZ�¯jz9hº6Y£©�»ÙÈËb'«`]�¯Meº4+m��J
z¬ª)V¤¸ÓÆÑÈÖ»×»ÙÈË�[!£�Ro��¯�T«f ��|8¢¹§�

a�Kymeta_¬®µ¸1l»ÙÈË¯)Y�º&M®�LEOÀÙÄÈØÛÂÔÙ¯)V7
�$�®�±¸¡«®¨§�

LEOÀÙÄÈØÛÂÔÙª°»ÙÈËÎÛÒE�º�'\�3ª�y®"�ª�¸�

Ï½ÛÅÊ»Ø¼»ÙÈË«ÓÆÑÈÖ»×»ÙÈË

TESLARATIÁ¼Éµ·

�Ï½ÛÅÊ»Ø¼»ÙÈË�� SpaceX StarlinkiF ��W-� ÓÆÑÈÖ»×»ÙÈË��

ÎÛÒ<�E�

{gP*Pr m��b'

Kymeta_¯pBµ·

���^

C�¼ÕÄÉ

}/�8

ÚÚÚ `]�

ÎÛÒE�

Ï½ÛÅÊ»Ø¼»ÙÈË¯�X�



� �����������������������27

4. 6c;�°?8f

MEV ÕMission Extension VehicleÖ

ÁÎÁÂR>�o¥)�©r�¨£¢gA·0�

MEV«gA©ÅÃºÒ¼�¤�qt�ªgA)�·0� ´�¦·WV¦�¢J�¥�´�

}KgA¥«gAqt	b·�(\��©9 ´¢®(GV©+"¹ÒÀÒÕÁÎÁÂÖ
·�*�¤	b�L·e�ª¥�¡ªR>Muª
��gA)�·O®´E$k�¥�´�

¡�¥�MEV«�ÅÃºÒ¼�¢gA©�¶£¤�dp�i��¢ÁÎÁÂ·!��²ª½ËÒ
Å©3£¤�*�¤gAª	b�L·e��

 ¥«�MEVdp¯ÌÃ¿ÍÒª|�·4´¢®ª%y|NÉÆÐ·F�¤�³�ÅÃºÒ¼�
¢gAª¡µ¦Xm@�¦�¤��cS·�®¤�´�

¨��!T�²l¢}Kqt	b«Hj����±¬��@���³�Hj�±¬��@�
«�0.1��¦ ´5k��´��¦©Hj@�«�{: ´gA¦ª|P.Q·�x ´¢
®5~¥�´�

gA)�«�ÁÎÁÂR>Muª
�ª��gA�ªCw,ª|�·n�ÈÃÄÏÔª�
<|¾¸»Ð©±´6c
��&'`�²ªhD[©±´�_Jª#-�ª=z¨§I�
¨J�=z°6c
�©±£¤¯Ya�µ´�

MEV«!��²ª½ËÒÅ©±³2�©WVgA©:r�¢1�ÅÃºÒ¼ ´�

MEV©±´gA)�0vª�

ÇÔÁÑÃÊÓ¼ÎËÒZ
ªMEVÌÃ¿ÍÒ]�B�
±³

Intelsat 901©ÅÃºÒ¼�
¢MEV-1«7(ª}Kg
AqtÕj^18�Ö
¥ªsU·×/w0� 
´�

MEV-1

Intelsat 901

from: YouTube  #NorthropGrumman MEV-1 Mission Profile  



� �����������������������28

&'�w�

 �®´�( P�w�³�5®�»�w�´�&'®·$£³�~®�V¥¼�»�

�w�´*!jc®�s� P�³ÜrÝ�xw�¡�d®�»�	¹º."¡C¶1��
� µ1530-1570nm.´�K=²;]¨»¯_5THz³."/²Z4¨»�
ØÛÈ�´��Yy7��«��ÓÛÔ½B¦�Ü©³ª¶�^2³ÓÛÔv��½l¨»
¡Ý�K³¹�±0M��´4�U§±���?�)L�®´�¸JfI²¹»Ni¡%¢
�±°³ª¶S�´�²k=h@�³w�ÜISL: Inter Satellite LinkÝ²�V¥¼�»�

�ISL³�¬´�GEOh@�¸LEO-GEOh@�³�v®�»�ÏÛÌ�ah@(DRSß
Data Relay Satellite)®´ISL½�V¨»¤¯®ÏÛÌ½��®¢» �³ÇÛÓËÃÖ¿½9
%¦�»�� µ�ESA³E-ÏÛÌ�aÉËÎÔÜEDRSÝ®´��Ft{�³EDRSh
@Z��¸LEO®�» TnOh@¯³�½1.8Gbit/s³�ISL®`¾®�»�

�³�¬´LEOh@�³$G�a²
V¨»�ISL®�»�LEOh@Þ³ÇÛÓËÃÖ¿
´R�³®ISLQ¦®ÅÙÛÒ×,�¨»²´$=³ÆÛÐÁÂÀ+¡6l¯±»��?�
ISL½V�»¯ÆÛÐÁÂÀ+=½�N®¢»¯�A²ÃÚÑÍÛÃÚÑ³�vz3A�·�N
®¢»�SpaceX³Starlink³¹�±%mDLEOb®´�ISL³
V½oW¦�»�

%I��²¹»Ni¡U§±�%I�#®´�*!³jc®|s��v¡�d±�w
�´h@�ÖÚÄ²}¦�»�

�ISL³�VÀÕÛÊ

ESA³EDRS ÜESAÇÀÐ¹ºÝ
 TnOVLEOh@¯GEOh@®�»EDRS
�½�ISLÜ�®qeÝ®`¾®�»�  �¯
³h@�´Ka.½
V�

Starlink ÜSpaceX³ÇÀÐ¹ºÝ
�³�®´�:¨»4h@¯�ISL½
p(�h@�³s�´=�km\2¯
HuX[��

h@�ÖÚÄ®�V�
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	·�Ä¬Ä¿Â¤

Ku%�Ka%¦Ä¶ª¿Â¤ÅP6Ä¾Ä§�D#aÆ��3�ªº®°¶Ä¼�:��HTS
��y�¾Ä§�h[²Ä«�����h������y·�Ä¬Ä¿Â¤ÅP6Ä´¸#
aÆ�� _�´¸#��3�,S���z
���y�T83��ªº®°¶Ä¼�:��KTSAT��y>$�������I1Ç#�´
¸#�UL��~�z

C��HTS��y·�Ä¬¿Â¤�I2GHz&�'~%���E���Ka%��E��A�
}��y��h~�@3�}�V%Å40-75GHzÆ�	Z��L�0�����X'%��
<*���z
��cybe�f����1d��W������yR3#���¦ °¬ µÄ¨\E�
N����!H�,S�}�z

	·�Ä¬Ä¿Â¤��Y5(��y���	·� µÄ¨ª¯¼�8���~�
DWDM(Dense Wavelength Division MultiplexÆ���@`�^5(�:;�}�z
P6�J��¢À¶¡¼±Ä¹°·� µÄ�&��E~��WDM@�+V��y	���
�&��������z

	·�Ä¬Ä¿Â¤������M-�}��yQL��K�h~�g-�G�B�?
����z

	·�Ä¬Ä¿Â¤

@`�^�	����&��	¥Ä¸À�'�8
���~�¢À¶¡¼±Ä¹°�&���E���z

	·�Ä¬Ä¿Â¤

RF¦Ä¶ª¿Â¤

�#

¦ °¬ µ¨
�#

EDFA: Erbium Doped Fiber Amplifier

{·£ÁÄ±¿Â¤ÅGW→UserÆ��J�=.|

WDM
DEMUX

Photo 
Diode I/F O to RFÅKa)

Converter

Ã
Ã

Ka-band
Antenna

EDFA

{³®°ÁÄ¤=. ½Ä©|

´¸#�P6a�X'%��	�Y�:;�

be»Ä©Â�X�����)e7�y�7)e�
FB�"�~]5��#�
�9��\Ez
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�¯L®4qªµa)Ó�)Ô®4q��º��)®�	©”0”�”1�®5'½r¤º®
�z)w�©�¹��\L®	X¬«®L�O65'½r¤º?1J±¨ÍÇÉ�¦¹
®ÀÊÑÂÒÓ��Ô¯Fx�/¬�¨£³�

�)®�[,4Pn&§�4q½�R£ºªWc��d¬B�w�µ�d¬º�

�$�¥®?1©�¹�5'ÈÒÅ½�)r¤¨u�£ºªªµ�ÈÒÅu�®B�
�ª��®3���w¢¨R�º��9¨®^.{µ�ÆÐÊÑ®�)©�u£º�
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�?�*+`}©®z)B�w�¯@D®NICT¶�%¬«©LEOhA½R�¦-l-�
7�¢¨�º�
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� �)�;·ºB�5'½r¤¨�u
� 0<ª Ã¿Ä®{©B��¢¨�u
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Carrier-in-Carrier System

�I?+$¤UW¡JXOZ¤sG��[

tI²�M�¯aC!X¥FX!X£H§�OZ¤À¸¶�¬®v�¡��¯�
�� qco	£¥¼Äº£E��²_���n�#L) Carrier in CarrierB/²��¡
JX�r ¤OZsG��[£¢¯��D£�I?¤F��Mª�[¡¢¯�

2gB/ ¥�#L)¬®���I?+$²M�¯=nI²aC£��n	�¯�

�¯¡»³ÂÀÂ¶ ¥Ç�¤n	I��7�°�I3��#L)£��	�°¯�
�¤D���	
 ¥\��n	��	�¥d���¯¤ ��¤�²*�0�¡P8
�
n	�°�	�¤¨��®��¯��¤0�T¤�©£¥�\k¤n		�²�¦�^R�
���aC!X¤p.Dr����¡¡ª£��¤�P«<,ª�±�¯¬�£�¯�

V"ComtechQ�Ke²F�¯2gB/²M�¯¡�n�	Y�'¤S�Y¥µ¾Â¹Á
(i �¯�¤	�²;�¢��OZ(i¤	�²�®���¡� �¢��

2gB/¥n	+$¤UW£ª¢¯�l-¤aCo	 ¥t�£¥�b��¯���I?
+$��j�¯���1��K£Ku+ ]����� ��B�!X ��+$²F�¯
2gB/¥F� �¯������Y#L)�\k¤n	I¤aC:®m�I²P8n	
I¡¡ª£�	 �¯�¡�5c �¯�

2gB/¥�tf!X£���P8fY¤	�£qN�°�\k¤u%Å´·ÄÆ²
µ¾Â¹Á�¯´·Äµ¾Â¹¿B/£���¯�

Carrier in CarrierB/

�

&h 1 &h 24h 1 4h 2

S1

S1
*S1

S2

S2S2
*

S1S2

S1
” + S2

”

S1
*  : S1 ¤·½Ä²p.��
�I?/�PÃ<,²h@

S2
*  : S1 ¤·½Ä²p.��
�I?/�PÃ<,²h@

4. 6[>�«A9`



� }|}x��������x~��zyx|{|{32

¹µÀ·¼µ`E

0:,�´�M�¡P¶»¦H$%3?

¹µÀ·¼µ§0:¦n�´�M�²�£¢3?A¦j+®em´�<�²`E¢�²�
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¹µÀ·¼µ¥§0:¦�f9�£3?A¦k
9�£¦p��°ÄSt�²�
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¥_j+§k
j+¯±j�¤²��³���j¹µÀ·¼µ�¢�²�

�9�3?A�0:¦�f9�¥D ¡0:¥4g��/�0:¦n��¢9�´��¡
_�²��§�_j+§k
j+¯±l�¤²�Ij¹µÀ·¼µ�£¤²�

"qX¦0:o´`a�²3?A¢§�c7¦0:¦n��´B�¥ZN�²¿Áº¢e
m�<£�j´\±h��£¢@¬¡P¶»¦H$%3?��^¥¤²�
�¦	w]¢�²W�½µ¸¾Á2�§�1977*¦2���;¥§=:ª¢¦j+� ���
1979*¦=:4g;¥�¦n�¢�j�¡1981*¥§�:¥4g���
�¦/ua´[��1986*¥§!K:�1989*¥§FK:¥4g�6-O�´§²�.
9¦�L¥i±)���½µ¸¾Á2�§��Y´Z��¢`a´[�¡�²£���

H$%3?¢§�0:¦n��´ZN�²�£¢J8Gd¤�¢�j��^£¤²�

¹µÀ·¼µ`E

$%Uo¥sC��!�¦n��©¦k
j+£n���°¦_j+§V���
����"q´�f�²0:©¦4g¦��§�3?A¦ka9�£0:¦�f9�£¦p��°�
0:¦n��©¦k
j+¯±_j+����²�§I(�²�
Â�]��j¹µÀ·¼µ�/]�Ij¹µÀ·¼µÃ
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�f9�£j+

_9�£j+

k
9�£j+&r¦k

9�£j+

0:

_9�£j+

k
9�£j+

0:
�f9�£j+

_9�£j+

k
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&r¦k
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&r¦_
9�£j+

&r¦_
9�£j+
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µÁ½Á´¬¾

�l�¡�  ¦©+(���G�/f�

µÁ½Á´¬¾¢#W�r¡�«���VY�©¦� �oK¸¾°Á«5�©�7�©
�¢���´¬¾q�� �©�����©��G«=���¡VY �G�©¤¡��©�

�¡oK¸¾°Á¢�AÂ�lÃ�§¡am¡2� �;���?\�©¡�p$ +(
�¤¡��©�����=��¡¦��Bh�Pk�¢�����¤/f��*§ª©�

�¡µÁ½Á´¬¾¡��Pk�¡�t �H�
£�-��¡¢26¡JAXA��L�
JO.�2004&¡¬¯¿²����I)10m���7.5μm¡`ciXU«��Pk�"j��
����/f�ª©��«�_���

���µÁ½Á´¬¾��G�©¡¢�´¬¾¡�M�§4 >��ª©�lr�¢���
�lr¢�l�§����ª©u@�om��Q�Â¹½³ºÃ¡<ª��©��l[q�§
0��ª©`u@�o��¬®À 	m�ª�¹½³ºQ�¢�ci�u�¸¾°Á«5
�©¡���l¡h��¤����£§ª�����¤r¡¦� �����Pk 0��ª
��©�

JAXA��L�JO.¡¬¯¿²��H�
£�µÁ½Á´¬¾¡�8«�_���

µÁ½Á´¬¾�_: ÂIKAROS)

�¡��¢�A�§¡am¡2� �;�
��?\�©�

�E�¢�l�S�§��©��¢Ä%1
»Á¶¾��¨�R4.6 x 10−6 N Â·¼Á¶ÀÃ
�9£�!���

Â1N¢1kg¡C� 1m/s2¡�d'«F��
�©�Ã

Bh�D, �©=���¢sT�¡/
f 5���©��9£�ci��qN¡
#¡]e¥��Pk�¡"j¢�n�^§
ª����

JAXA±¬¶¦¨
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