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1 F;G�H>I
1946 JLKNM�OQP�RQSLT�UQVXW�YQZQ[�\L]N^3_N`Qa3bced-f K	gih-_	P-jkU-V-[-\il	m-n�oqp-r-s-jkt-[-u-svNwXx�yXz j�{�|L}N~�� vN�3� aQ�Lh�� 2006 JQ�3b c�-��� `ih�j�U-V��-� v	�i��� K�U-V�[-\��-� v��-� P� h#���-���	�i�i�-������ �¡£¢-U-V�[-\-¤-O-¥�T	¦-§¨Q© K�ª3«�aQj-UQVQ[�\Q¬��LT�Q®�|Qs3lN¯Qg�PL°�hQ�± TQ²3³N}N´�µLb c j 2006 JLl�¶Q�X��·LTN¸�¹Qs v�º
h	»i¼-K�½-¾-¿�ÀiTÁ��Â-Ã-s�-®-¡Ä]	Å-Æ-Ç�K	È v�É-Ê
h�Ë�Ì�P3°�h3ÍeÎ � c `3h��
Å-Ï-Ð�Pil	j�Ñ-M-Ò�niT	U�V-[-\iK�Ó-Ô v�Õ a-j�ÖiT×�Ø ¢ ×�Ø K�Ù-Ú z »�¶��>��· v Î � j�Î�Û�Ü3h��

2 Ý>Þ>ß>à>á>â>ã
U�V�[�\�äiT ��å3v Fig. 1 K�æ-Üç� Fig. 1 T�²3³�K�j
U-V-[-\�l	è-é�ê-V-ë 0.8GHz _	PiT-ì�íiî-ï-T�ð 1 M
Òib c�ñiò �	óiT�ð 2 M-Ò v�ô a�jÄõ	�iö�÷-� ò ¢iø��
ói]	ù � h	ð 3 M-Ò�¥�Íe~�� z a � »i�úÅ-û�Pil	j d-fü-ý K�}þ«ÿa-��h	ð 3 M-ÒiT�¿-À�§-Æ�Í�ÖiT�����K����
a����3h��

Fig. 1 U�V�[-\�äiT ��å ( 	�
� ¨ Î���� 1 ² x���� )

2.1 � 3 ����������� (3G)

¿��Lj 3G Í����Q`LaL�>hLTLlQj IMT-2000(Inter-

national Mobile Telecommunications-2000) Í ��³����
§-ÆiK� "! z »�U-V-[-\�T ± Í�Pi°-h-� ± `�l	j#���-[$ ¿QÀ&%&' (ITU) ])( �&* T)+&,Q¢Q¦Q»L}N¶Q�X� ·Q¥
T�-�. v ¼�/ z a�0� �s v�1 ¼�a � »32�T�P3°�h��

3G P"4þ¿�Ü h�½þ¾"576"879�l CDMA 8"9�P ° x jÿð
2 M-ÒiT�8�9iK�:��-a�è-é-ê�( ��;�< ]�Â>= j�¿-\@?�A
]�²��>Í��>³CB�D3]�°�h�� CDMA 8�9>Í�l�j�E�ê3T�~
À * T�F�G�À-��K	Ö-`"H-`"Ii}�h�J-� v�K"L�z j�Ü���a

T�F"G-À-� v '"M z a 1 �iT�è-é�ê v ù «ÿa�Nih�8�9�P
°�h��ÿ_�»þj CDMA 8"9�Kþl 2 ��T�8"9 ]�°�hþ�PO ÍP�
l	j NTT QSR�T ü�U P É ~ � `-j Vodafone }@V	]�W 1
ÜLh W-CDMA(Wideband CDMA) j�2L³XO>ÍX�Ll au

¢�YZ��[�¤i]�W 1 z a���h cdma2000 Pi°�h-�C\ib cP]^ v � «�»&_ * lNVÄë&`L] 5MHz PL°QhQTQK)- z j�a* l�b�ciT 1.25MHz T�V�ë v 3 ��d�e�a�ù � Ü3h3Í��
³Cf��3]�°-h��
2.2 3G .�g�h

3G T�¿�À3lNj�F�G�j��ji���[�\ v)k�l�m ó�n3ø ñ �
ì-]�( � P � h	ÔiK�B�oi]-°þ«�»i� z b z j£¿-À�Ã�pil
64Kbps q 384Kbps T�r�·tsvuZw7xÿ�ts	Í ADSL ¢�y�¿
À�Í�� «ÿ»�z�¾iT"{-î��|Q~}@��Qv�"��ÍP:���a-Â�Ã�Í�l
�������3T-] d�� P3°�h��
3 �j�j�>à>á�â>ã

2006 J d�f l 3G ] ü�ý P�°�h�]�j�Ñ�M�Ò�U�V�T�� d
K&� Ê a&��~L}��&�3])�3_�«�aQ�3hQ�	Ö ± P�ÅQûQP3lNj
3G ���iT�¿�À�§�Æ3K�����a�����Ü3h��
3.1 � 4 ����������� (4G)

4G P�lÿj 100Mbps �"��T�¿�ÀþÃ"p vZ�P� z j 2010 J� T�¶Q�>� · É �3K&� Ê a��&� É ~3] 1 ¼ c `�aQ�3hQ�
_N»Qj � ½Q¾Lì&�)�Q·QäLb c T ñ �L� v)� �Ä�N�&�j�3s
ä (IPv6) K ;�< ²3=C5&6�Ü3h�Â�ÃQ½�¾ � ���N���j�3s
��� v � d z j&�	�iöZie·�} å Y"�-¿�À-¶�����· v��" 
Ü3h�¡ (e-Japan ¡�Ô�¢�£ ) Í�Ì�¤ � `�a��ih��

NTT Q¥R�T�l 2006 J 2 ¦�K�ð 4 M�Ò�T ñ ����¿-À�Ã
p-P-j£Ë-Ã�§ 20km P å Y-Ü�h�¨	j£M-O-R-Ã�Í�}-h	R�,
2.5Gbps T)©&ª&�&«LK¬M& z » � 3G PL°Qh � FOMA ¡
T�§ 6510 ®32�Ã-��¯�Â�Ã�¿�À>Í�}�h-�
3.2 4G ° .�±�²�.�g�h

4G P7³"´ z a���h 5 q 6GHz Í�� ³�Â�èþé�ê�P�l�j�µ¶ T 3G T�è�é�êQV>ÍC, � =CI3}Qh���Ö3T�»L¼�j 4G ¥
T å � T���K-l�·"¸�¹ v ¦�»�K�º"» z ¿�À � �"w�¼ v \
b cS½ xS¾ Ü ± Í�Í	} x j�M-Ò�¿-Ò�T��iK	¦�»i}��À�ÁsÂ �3�QK�Ã&Ä3]Qb�bQh�²L³�KQ}�hLÍCÅ&³ � `3hQ�-_N»Qj
5 q 6GHz Í �X³�ÂQèQé�êQPLl�j�ÂQÃ�¿QÀLl�Æ&ÇLK�}Qh
2-T-T	jÄ_	Üi_	Ü-[-é�T ¾�1�È ]�Éi_ x jËÊ�Ì < 2	Â>=
}�h�»3¼�j-U�V�[�\3� Ê Í z ail�Í��3K3=�=�}�h��

1



3.3 4G 2��36����
3.2 � T���� v	��Ê a�j 3G T	
�� v�1 ¼�h�Y � ]	��
K-}�«�a��ih-� ���iK	¦-»i}	¿-À-§�ÆiT���� v � ³ �£_
»�j Table 1 K 3G ���3T�¬�M�Ò3T�§-Æ3T È Ç v æ�Üç�

Table 1 ¬�M�Ò3T	§�Æ3T È ÇM�Ò è�é�ê�V�ë Ã�p Ë�Ì
3G 2GHz V 2Mbps 2001 J
3.5G 2GHz V 14Mbps 2006 J
3.9G 2GHz V 30Mbps 2009 J
4G 5 q 6GHz V 100Mbps 2010 J����

3.3.1 3.5G

3.5G P l�j 3G ]	� � Ü�h W-CDMA
v 
�� z » HS-

DPA(High Speed Downlink Packet Access)
v ù ��z a

��h�� 2006 J�K NTT QPR T�b c �7  Å7´ Íÿ}£« a�� h��
W-CDMA ]ÿR7, 2Mbps P °þhþT�K - z j HSDPA P
lNÖLT 5 ®&� �LTNR ,&§ 14Mbps TN¿ÄÀQÃ&p ])Æ&Ç Í
}-h-� Â-Ã-s�l�·-Å-Ç�K	j�[-éiT ��� K�.���ai² x Â-Ã
} ��� 8"9-¢"J��-s"8"9 v W�Y-Ç�K�����Üih ± Í	K�² x� }���`Lh����&��ÇLK�lNj-[QéLT ��� T ����!�'LK�lNj" ´ È lNÂQ�3] #QÃ3} QPSK(Quadrature Phase Shift

Keying)1 KÄ²Qh �$� Í&% x&'�( ÇÄu T¬, � �&JÄ�Äs 8
9�j�[�é�T ��� ])����!"'�Kþl�j-² x Â�Ã�} 16QAM(16

Quadrature Amplitude Modulation)2 K�²þh �)� Í*% x'�( Ç�u3T�m � ��J���s�8�93K3WeY�Ç3K�+ x-, ��h��
3.3.2 .�/�0�/ 3G(3.9G)

� 3G ��·-�iö�]���1iT 1 s-¡ v��i� »@2-T�P-j 3.9G

Í)2)�3�N`3hQ� NTT QXR�TLT�¢&£�PQj-·Q��2Q� 3G
v

� f Üih ± ÍeP 4G ¥iT å � v ·iö	��3iK z ²i³-Íe��³4 º PL°QhÄ��¿QÀQÃ&pLlNj HSDPA TNR&, 14Mbps Í j
4G T 100Mbps T�¨�5�6�piT�7�»�8 Ê Í�}-h	j 30Mbps

6�p v � d Ü3h-� 2009 J3K U © Å�´>Í�}-«�a��3h��
3.3.3 9�:<;-= 3G

KDDI T)¢�£QPQj�T&} � ó&�j�3s Â ��� > Ê PL}�= j? ´Ää Íú½Ä¾Ää T¬}j���$@�� �¬�j�3s Â � � vBA ' z
» FMC(Fixed Mobile Convergence:

? ´�Í å YiT A ' )

�j�3s Â �3� v�� Üç��¿QÀ�Ã&pLl 1Gbps
v ³�´ z a�Cx jþÖiT�¨�T	½-¾�¿-À�Í z a 3.4 ��P����	Ü3h � T�} �

ó WiMAX ¡ v ¡�D�E z a��3h��
3.4 7�F�G : WiMAX

T&} � ó WiMAX ÍNl�j�UQV�[Q\ v H�I ÜLh ×QØ Íz a-jNU-V-[�\�J�¤ * ]�K ��z a��ih�Â-Ã�T	½-¾�¿-À�§
Æ � IEEE802.16e ¡ P�°�h�� ¿�À�Ã7p�lÿË�Ã 120km T å
Y"�"�-PZ2 15Mbps 6"p-P�jNÂ�Ã å YZ¨�P@2�¿�\i]	L�+

1 MON�PRQOS�TVU-W�XOYRZO[�\V]-^O_�`V]-aObOcOd-eOfOgihOjOd-klOmOn-o dOpOdOq-rOsOtOu-vOwOx�TVy-zO_�`Vh-jO{O|O]Oa-bOcOdOe-}
2 ~O�O���VvO�O��� l `RMON�PVQ-]OaObOc-dOeOfOgihOj��V�O��TR�lO�Ol

4 }O�OkOfO�O�����*� l �OTVqOrOsOtOu�\VS�TV���V�V��`O�O�\-�����-e-��\ 16 S (4 �-��� ) d-MO��P-TR�-�-Z-_�`Rg

`L}��L�	UQVQ[�\Ll�èQé�êQV3]�� c `�aQ�3h ± ÍNb c j�$�$  } V�T�[Äé&( � ]B¡�¢ z ¢ÄÜÄ�&¸ÄëÄPÄUQVÄ[Ä\
ÍXT�} � ó WiMAX

v £�¤ '¥� ¦�»Q¶��X��· v � É3z
²i³-Í KDDI ¢ � �"T�} � ó-j BB T�} � ói}ZV	]�¢"£z a-�ih-� 2006 J 2 ¦iK KDDI T���«-P-jþË-Ã 120km

PiT	Â-Ã å Y�ËiK�2�5�6 v�§�¨�z j)� x 19Mbps j � x
7Mbps Í���³�©��3�3i�� s v�ª�«>z »3�
4 à>á>â>ã>ß�¬®
4.1 ��������¯®°-±�/¥² G °

3G P3l�µ ¶ T�ø���ó-¶��>��·-¢�³�´3}�£�µ�¶�N3K�·� j �Àiþ��[þ\þ¢ GPS Kk²�h¸77»�¹þÏ»º %�¶þ� � ·�j Â
p�}	¼���ö�j	½"8Z� � �����"� �#s�}ZV�] Æ"Ç Í�}k« » �

2001 J 10 ¦ K NTT Q RËT P ¶Ä� �ú· v É � z »
FOMA PLl�j W-CDMA 4Q¿Q§�ÆLT)\��XÍ z aQj-��i
�e[-\ v ¶-� �e·iT	¾iK�¿ � h ± Í	K-}k«�»i�BÀ���¿-À
8&9 v ù � Ü3h�@N�¥Á�w�x��QT Vodafone 3G K C���a
2N�jiQ��[Q\ v)�� Xz a�C x j FOMA ÍNT�Â�Ã È 2�°
h��ÿ_�»�j 2004 J 11 ¦�K KDDI ]�UþV�[�\þ¶�� ��· au

P É � z »�F�Ä�ÅQÀ�¶Q�>� ·�PL°�h �ÇÆ>³ »3wNó�¡3lNjÈ�É P 1 Ê 1.5MB 6�p�T	Ë-r�Pi°�h-� CDMA 1X WIN

lNR�Â 2.4Mbps TNÂ�ÃQ¿�ÀL]�Æ�ÇL}�»L¼�j�ÄÌÊ v 1 Ê
°�» x 30 q 40 Í�6�p�P¥Á�Î���î�� Qe]�Æ�Ç>Í�}�«�»3�
U�V�[�\�8"9�l	¿�\Z?�AZ����T	»�¼ ñiò ��ó-s � `�»
]	j ñ �i��¿-À�Í�T�Ï�Ð È b c T�} � ó � ���	��� �Zs
T	M-Oi]�\ $ K�Ñi]þ«�»�� ��� z »�²i³	K	j£U-V�[-\il
´i}�h	¿�À�Ò�b ciÓ�Ô }-ì�Õi�iÖ-�Z�»× � v	Ø�Ù Üih�T
} � ó�Ö��i� � ¥>Í-Ú v��3� »i�
4.2 ±�/¥² G�.�²�Û± `Lb c&Ü j 1 ÝL°N» x T ñ � �NrL]), � =N}Qh Í j
�À�Ás Â �@��K	¯�Di}	Ë-rZ2�:�Þ z a�, � =�}-h�ÍSÅ"³� `ih-�k_�»-jkU-V-[-\�ß�ài]	ê�á GB T HDD

v�Ø�Ù
z » x j�ª   TÄø)T �&âQ� Q 2 10GB �&¼�·Ä¥ Í 1 sz » x Ü�h ± Í	]	Î � c `ih�]	j ± `iK	ª «�a�jË,�Ë-r
T ñ �L�Q]��j�3s Â �3� v � � ¶ ÜLh�J�2�Î � c `3hQ�ã a 2 ä £$ÅÄÀ TQ² ³�}¬,�ËÄr R �����$åÄ]Bæ�ç � `
h�Jil�¯-g�P-j Þ � � d-f Ti� ñ�è i��-��ói]	é ¶ Ç�K
l�Ö-��� � ¥�T�ä�µ�Å-À-P"Æ�ÇiK�}-h�>�êi³ � ¯�ë�ÇiKñ �3��¿�À-Ã�p32�Â�Ã�s3]�Ì�¤ � `3h��
ì®í®î®ï
1) ~-� WAN ð �Rñ-ò-ó-ô-õ-ö��R~-� LAN d-÷-ò

http://www.ric.co.jp/expo/ieee2006/index_wl05.html

2) ø-ù-ú s-û�üR�-ý : þVÿ�� ò-ó��������
	���������
	��������

http://headlines.yahoo.co.jp/hl?a=20060224-00000000-san-bus_all

3) ITmedia +D ����� Q�� 4G ���-�-���R�O� ?

http://www.plusd.itmedia.co.jp/mobile/articles/0506/16/news064.html

4) KDDI � ����� Q WiMAX d�����T����
http://japan.cnet.com/news/media/story/0,2000056023,20096688,00.htm
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