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จཁࢫ

2015 ΕͨαϛοτͷதͰɼʮSustainable͞࠵࿈߹Ͱ։ࡍࠃʹ9݄ Development Goals (SDGs)ʯ

ͱݺΕΔࣾࡍࠃձڞ௨ͷ։ൃඪ͕ఏএ͞Εͨɽຊത࢜จͰɼSDGsͷ։ൃඪͷ 1ͭͰ

͋ΔʮҙͷॴීวతͳΞΫηεΛఏ͢ڙΔަ௨γεςϜͷཱ֬ʯΛۃڀͷඪͱ͢Δɽ

ඪͱ͢Δަ௨γεςϜͷ࣮ݱʹɼࣗಈंͷ੍ࣗޚʹΑΔࣗಈӡస (Ҏ߱ɼ੍ࣗޚ) ඞ

ਢͷٕज़Ͱ͋Δɽ͔͠͠ɼ੍ࣗޚʹʮࣗंηϯαʹΑΔใऩूͷൣғʯͱʮं྆ؒͷ੍ޚ

ௐఀʯʹ՝͕͋ΔͨΊɼ੍͚ࣗͩޚͰඪͱ͢Δަ௨γεςϜΛ࣮͢ݱΔ͜ͱ͍͠ɽ

զʑ্ه 2ͭͷ੍ࣗޚʹؔ͢Δ՝Λղܾ͢ΔͨΊʹɼൣғͷใऩू͕Մͳڠௐ

ӡసγεςϜ͕ඞཁͰ͋Δͱ͍ͯ͑ߟΔɽڠௐӡసγεςϜͰɼं྆ಉ͕࢜࿈ͯ͠ܞεϜʔζ

ͳಓ࿏ަ௨Λ࣮͢ݱΔɽ͔͠͠ɼࡏݱɼଟٞ͘͞Ε͍ͯΔڠௐӡసγεςϜͰɼ1ͭͷަࠩ

ͷΑ͏ͳہॴతͳަ௨੍ޚ (ޚॴަ௨੍ہ) Λ࣮͢ݱΔ͜ͱ͕తͰ͋ΓɼौใͷΑ͏ͳ

ҬใΛྀ͢ߟΔ͜ͱ͕͍͠ɽզʑ, ,Ͱ্ྀͨ͠ߟҬใΛ ,ΓݶΘͳ͍ߦΛޚॴަ௨੍ہ

ඪͱͳΔަ௨γεςϜ࣮ݱͰ͖ͳ͍ͱ͓ͯ͑ߟΓɼʮൣғͷڠௐӡసγεςϜʯͷߏங͕

ඞཁͰ͋Δͱ͍ͯ͑ߟΔɽ͜͜Ͱɼʮൣғʯͱ౦ژશମຊશମͱ͍ͬͨنΛࣔ͢ɽ

͜ͷʮൣғͷڠௐӡసγεςϜʯΛߏங͢ΔͨΊʹɼզʑʮMobile/Multi-access Edge

Computing (MEC)ʯͱʮԕ੍ִޚʯ͕ඞཁͰ͋Δͱ͍ͯ͑ߟΔɽʮMECʯୈ 5ੈҠಈମ௨৴

ʹͯʮԆ௨৴ʯΛ࣮͢ݱΔͨΊͷओཁͳٕज़ͱͯ͠ݕ౼͞Ε͓ͯΓɼجہͷΑ͏ͳωο

τϫʔΫஔʹʮΤοδαʔόʯͱݺΕΔ൚༻తͳࢉܭஔΛஔ͠ɼͦͷΤοδαʔό্Ͱ

ࢄॲཧΛٕ͏ߦज़Ͱ͋ΔɽΤοδαʔόɼΫϥυͱൺֱͯ͠Ϣʔβͱ͍ۙҐஔ͔Β

ใॲཧΛ࣮ݱͰ͖ΔͨΊɼϢʔβʕࢉܭஔؒͷ௨৴ԆΛ੍͢Δ͜ͱ͕Ͱ͖Δɽʮԕ੍ִ

ʯɼΫϥυΤοδαʔόͷΑ͏ͳ֎෦ஔ͕ं͔྆ΒηϯαใΛऩूɾղੳ͠ɼं྆ޚ

ʹର੍ͯ͠ޚใΛఏ͢ڙΔ͜ͱͰं྆ͷ੍ޚΛ࣮͢ݱΔɽԕ੍ִޚΛ༻͍Δ͜ͱͰɼ੍ޚϞσ

ϧ͕ूத੍ޚͱͳΔͨΊɼं྆ؒͷ੍ޚͷௐఀΛ༰қʹղܾ͢Δ͜ͱ͕Ͱ͖ΔɽࡏݱɼΫϥυ

͔Βԕ੍ִޚΛ͏ߦγεςϜʢΫϥυܕԕ੍ִޚγεςϜʣɼΤοδαʔό͔Βԕ੍ִޚΛ

(γεςϜޚԕ੍ִܕγεςϜʢMEC͏ߦ ఏҊ͞Ε͍ͯΔɽ͔͠͠ɼΫϥυܕԕ੍ִޚγε

ςϜͰʮ௨৴Ԇʯ͕ɼMECܕԕ੍ִޚγεςϜͰʮΤοδαʔό͕ηϯαใΛऩूͰ͖

ΔൣғʢҎ߱ɼऩूൣғʣʯ͕େ͖ͳ՝ͱͳ͍ͬͯΔɽҎ্ͷʮMECʯͱʮԕ੍ִޚʯΛ༻͍

ͯɼզʑൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔ͜ͱΛඪͱ͢Δɽ͔͠͠ɼͦ͜ʹɼେ͖
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͘ 3ͭͷ՝ʮϓϥοτϑΥʔϜʹؔ͢Δ՝ʯɼʮϓϥοτϑΥʔϜͷධՁʹؔ͢Δ՝ʯɼʮ࣮

௨৴ڥͷదԠʹؔ͢Δ՝ʯ͕ଘ͢ࡏΔ.

ϓϥοτϑΥʔϜʹؔ͢Δ՝ͱɼൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊͷϓϥοτ

ϑΥʔϜ͕ଘ͠ࡏͳ͍͜ͱͰ͋Δɽैདྷख๏Ͱʮ௨৴ԆʯͱʮऩूൣғʯͷτϨʔυΦϑ͕

՝ͱͳΔ͜ͱʹՃ͑ͯɼ੍ྀࣗ͞ߟ͕ޚΕ͍ͯͳ͍ͨΊɼൣғͷڠௐӡసγεςϜΛ࣮

ΔͨΊ͢ݱௐӡసγεςϜΛ࣮ڠғͷൣͰ͋ΔɽՃ͑ͯɼैདྷख๏ͰɼࠔΔ͜ͱ͢ݱ

ͷωοτϫʔΫΞʔΩςΫνϟఏҊ͞Ε͍ͯͳ͍ɽ2018࣌Ͱɼ௨৴ऀۀࣄΤοδαʔό

ͷ۩ମతͳஔΛܾఆ͓ͯ͠ΒͣɼҠಈମ௨৴ʹɼʮجہʯʮࣷہʯɼʮήʔτΣΠʯ

ͷ༷ʑͳΤοδαʔόΛஔՄͳωοτϫʔΫஔ͕ଘ͢ࡏΔɽΤοδαʔόͷஔʮं྆

ʕΤοδαʔόؒͷ௨৴Ԇʯɼʮऩूൣғʯ͓Αͼ,ʮϓϥοτϑΥʔϜߏஙʹඞཁͳΤοδαʔ

όʢҎ߱ɼΤοδαʔόʣʯʹӨڹΛ༩͑ΔɽҎ্ͷ͜ͱΛྀߟͰ͖Δൣғͷڠௐӡస

γεςϜͷͨΊͷϓϥοτϑΥʔϜΛఏҊ͢Δඞཁ͕͋Δ.

ϓϥοτϑΥʔϜͷධՁʹؔ͢Δ՝ͱɼϓϥοτϑΥʔϜΛධՁ͢Δ͕ڥଘ͠ࡏͳ͍͜

ͱͰ͋ΔɽൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊʹɼఏҊ͢ΔϓϥοτϑΥʔϜͰ҆ఆ

ͨ͠ԕ੍ִݱ࣮͕ޚͰ͖Δ͜ͱΛࣔ͢ඞཁ͕͋ΓɼͦͷͨΊʹɼ࣮ंධՁͱಉͷಛੑΛͭ࣋

ςετϕουͰධՁΛ͏ߦඞཁ͕͋Δɽ

࣮௨৴ڥͷదԠʹؔ͢Δ՝ͱɼఏҊϓϥοτϑΥʔϜΛ࣮௨৴ڥʹదԠͰ͖Δ͔ධ

Ձ͢Δ͕ڥଘ͠ࡏͳ͍͜ͱͰ͋Δɽࡏݱɼຊࠃʹ༷ʑͳ௨৴ΩϟϦΞ͕ଘ͢ࡏΔͷͷɼ

ԕ੍ִޚΛఆͨ͠௨৴ܦ࿏ͷಛੑʹ͍ͭͯௐࠪΛͨͬߦաڈͷڀݚଘ͠ࡏͳ͍ɽ·ͨɼ্ه

ςετϕουΛߏஙɼධՁΛ͍ߦɼఏҊ͢ΔϓϥοτϑΥʔϜ͕҆ఆͯ͠ಈ͢࡞Δ௨৴݅Λࣔ

ͤͨͱͯ͠ɼ࣮௨৴ڥʹదԠͨ͠߹ɼଟ͘ͷؒ࣌ଳͰ੍ޚΛ੍ࣗޚʹཔ͍ͬͯͯɼ

ʹΔ͜ͱͰ͖ͳ͍ɽͦ͜ͰɼΩϟϦΞͷ௨৴ಛੑΛཏత͢ݱௐӡసγεςϜΛ࣮ڠғͷൣ

ௐࠪ͠ɼఏҊ͢ΔϓϥοτϑΥʔϜ͕࣮௨৴ڥԼͰɼ͍ऩूൣғͱ௨৴ԆΛཱ྆ͨ͠ԕ

Ͱ͖Δ͔ௐࠪ͢Δඞཁ͕͋ΔɽݱΛ࣮ޚ੍ִ

ຊത࢜จͰɼൣғͷڠௐӡసγεςϜͷ࣮͢ݱΔͨΊʹʮΠϯϑϥޚ੍྆ंܕϓϥο

τϑΥʔϜʯΛఏҊ͠ɼ্ه 3 ͭͷ՝ΛʮϓϥοτϑΥʔϜఏҊʯɼʮςετϕουߏஙɾධ

Ձʯ͓Αͼɼʮ࣮௨৴ڥͷଌఆɾධՁʯʹΑͬͯղܾ͢ΔɽϓϥοτϑΥʔϜఏҊͰɼଟΤο

δαʔόʹΑΔԕ੍ִޚͱࣗಈंʹΑΔ੍͕ࣗޚ࿈͢ܞΔϓϥοτϑΥʔϜΛఏҊ͢ΔɽఏҊ
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ϓϥοτϑΥʔϜҠಈମ௨৴ʹଟͷΤοδαʔόΛஔ͢ΔʮωοτϫʔΫΞʔΩςΫ

νϟʯ͓ΑͼɼଟΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈंʹΑΔ੍ࣗޚΛ࿈ͨͤ͞ܞʮं੍྆

͞ΕΔɽຊจͷଟΤοδαʔόUpperߏΞʔΩςΫνϟʯʹΑͬͯޚ Edge Sever (UpES)

ͱ Lower Edge Server (LoES) ͷ 2ͷΤοδαʔόͰߏ͞ΕɼUpES LoESΑΓ্Ґ (ं͔྆

ΒΕͨҐஔʣͷωοτϫʔΫϨΠϠʹஔ͞ΕΔͨΊɼUpES ൣғͷηϯαใΛར༻͠

ͨॲཧΛɼLoES ௨৴ԆڥԼͰͷॲཧΛ࣮͢ݱΔ͜ͱ͕Ͱ͖ΔɽUpES/LoES ͷஔɼ

ʮجہʯɼʮࣷہʯɼʮήʔτΣΠʯɼʮΫϥυʯͷؒͰௐՄͰ͋Γɼஔͷมߋʮं྆

ʕΤοδαʔόؒͷ௨৴ԆʯɼʮऩूൣғʯɼʮΤοδαʔόʯʹӨڹΛ༩͑Δɽ͜ΕΒ 2ͷ

ΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈंʹΑΔ੍ࣗޚΛ௨৴ঢ়ଶʹ͍ͯͮجΓ͑Δϓϥοτ

ϑΥʔϜΛߏங͢Δɽ

ςετϕουߏஙɾධՁͰɼఏҊϓϥοτϑΥʔϜ͕҆ఆͯ͠ं྆Λ੍ޚͰ͖Δ͔ධՁ͢Δ

ͨΊʹɼ2 ͷΤοδαʔό͔Βԕ੍ִޚՄͳ࣮ंͷ 1/10 εέʔϧͷϚΠΫϩΧʔʹΑΔςε

τϕουΛߏங͠ɼ2 छྨͷධՁʮجຊಛੑධՁʯͱʮ࣮௨৴ಛੑධՁʯΛ͏ߦɽجຊಛੑධՁ

ͰɼΤοδαʔόͱϚΠΫϩΧʔͷؒʹʮఆৗԆʯɼʮόʔετύέοτϩεʯΛՃ͑ɼԕִ

ຊಛੑධՁͷ݁ՌɼఆৗԆ͕جͷ௨৴ෛՙʹର͢ΔಛੑΛධՁ͢Δɽޚ੍ 100ms ҎԼͰɼόʔ

ετύέοτϩεͷ͕ؒظ 400ms ҎԼͳΒɼେ͖ͳيߦͷͣΕ͕ൃੜ͢Δ͜ͱͳ͘Τοδ

αʔό͔Βԕ੍ִޚΛ࣮ݱͰ͖Δ͜ͱΛࣔ͢ɽ࣮௨৴ಛੑධՁͰɼܞଳͱΫϥυαʔϏ

εͷؒͰऴ௨৴σʔλΛܭଌ͠ɼܭଌσʔλͷதͰԆͷมԽ͕ܹ͍ؒ࣌͠ଳͷ௨৴ԆΛς

ετϕου্Ͱ͠ݱ࠶ɼԕ੍ִޚͷධՁΛ͏ߦɽ࣮௨৴ಛੑධՁͷ݁ՌɼΫϥυʹஔ͞Εͨ

UpES ͱجہʹஔ͞Εͨ LoES Λ͑ͳ͕Βԕ੍ִޚΛ͜͏ߦͱͰɼ௨৴Ԇͷແ͍ཧ

Ͱ͖Δ͜ͱΛࣔ͢ɽݱΛ࣮ޚͱಉͷ҆ఆ੍ڥ

࣮௨৴ڥͷଌఆɾධՁͰɼ·ͣɼ࣮௨৴ڥΛྀͨ͠ߟධՁΛͨ͏ߦΊʹɼ༷ʑͳΩϟϦ

Ξ-ΫϥυαʔϏεؒͷ࣮௨৴σʔλΛ ଌରͷΫϥυαʔϏεܭଌఆ͢Δɽؒ࣌24 3ͭɼ

ΩϟϦΞ 11Ͱ͋Δɽ௨৴ܭଌ͕Ͱ͖ͨΒɼͦͷ࣮௨৴σʔλΛ༻͍ͨఏҊϓϥοτϑΥʔϜͷ

جγϛϡϨʔγϣϯͰɼUpESɼLoESͷஔΛʮޚɽं੍྆͏ߦγϛϡϨʔγϣϯΛޚ੍྆ं

ہʯɼʮࣷہʯɼʮήʔτΣΠʯ͓ΑͼɼʮΫϥυʯͷؒͰม͠ߋɼʮUpES ʹΑΔԕ੍ִޚʯɼ

ʮLoES ʹΑΔԕ੍ִޚʯ͓ΑͼɼʮࣗಈंʹΑΔ੍ࣗޚʯͷ੍ޚൺ Λ୲ޚ੍྆ं͕ޚ੍֤)

ͷׂ߹ʣΛಋ͘ɽγϛϡϨʔγϣϯͷ݁ՌɼʮUpESؒ࣌ͨ͠ ͷஔΛௐ͢Δ͜ͱͰ LoES-UpES
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ؒͷ੍ޚൺͱऩ༰ͷτϨʔυΦϑΛௐͰ͖Δ͜ͱʯɼʮLoES ͷஔΛௐ͢Δ͜ͱͰԕִ

ൺͱΤοδαʔόͷτϨʔυΦϑΛௐͰ͖Δ͜ͱʯ͓ΑͼɼʮUpESޚͷ੍ޚͱ੍ࣗޚ੍

ΛΫϥυʹɼLoES Λࣷہʹஔ͢Δ͜ͱͰɼΤοδαʔόஔͷίετΛ੍ͭͭ͠ɼൣ

ғͷԕ੍ִޚͱԆͳԕ੍ִޚΛཱ྆͢ΔఏҊϓϥοτϑΥʔϜΛ࣮ݱͰ͖Δ͜ͱʯΛࣔ͢.

Ҏ্ΑΓɼ

• ൣғͷڠௐӡసγεςϜΛ࣮ݱՄͳϓϥοτϑΥʔϜΛఏҊ͢Δ

• ςετϕουʹΑΔධՁ͔ΒɼఏҊϓϥοτϑΥʔϜ͕҆શʹಈ͢࡞Δ݅Λཱ֬͢Δ

• γϛϡϨʔγϣϯʹΑΔධՁ͔ΒɼఏҊϓϥοτϑΥʔϜΛ҆શʹಈ͢࡞Δ݅Λຬͨ͠

ͭͭɼଟ͘ͷؒ࣌ଳͰऩूൣғͷΤοδαʔό͔Βԕ੍ִޚͰ͖Δ͜ͱΛࣔ͢

͜ͱʹΑͬͯɼൣғͷڠௐӡసγεςϜͷ࣮ݱՄੑΛࣔ͢.
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ABSTRACT

Cooperative driving systems, which achieves smooth road traffic by a collaboration of vehicles, have

caught much attention recently. In the cooperative driving systems, local traffic control, such as collision

avoidance in one intersection, is often achieved, while global traffic control, such as the navigation

system considering congestion information, cannot be achieved. We consider that smooth road traffic

can be realized by both local and global traffic control.

In this paper, our ultimate future is “ultra-wide range cooperative driving system”. The “ultra-

wide range” means the scale of the whole prefecture or country. We consider that the ultra-wide range

cooperative driving system is achieved by the collaboration of local and global traffic control.

On the other hand, to achieve stable ultra-wide range cooperative driving system, self-autonomous

vehicles that execute “autonomous control” are required. In this thesis, autonomous control is defined

as a control system by which vehicles collect peripheral information using attached sensors and deter-

mine the control of themselves. However, only self-autonomous vehicles cannot achieve cooperative

driving system. The first problem is the information collectible range by sensors. Sensors attached to

vehicles cannot collect a wide range of information. The second problem is control mediation among

vehicles. The self-autonomous vehicles can cause “deadlock” because the self-autonomous vehicles

execute stable control from the limited sensor information. This problem is a fundamental problem of

the distributed control systems, and it is difficult that only self-autonomous vehicles can solve this prob-

lem. We consider “5th Generation cellular mobile communication (5G) and Mobile/Multi-access Edge

Computing (MEC) ” and “remote control” can solve above two problems and achieve the ultra-wide

range cooperative driving system.

5G is the next generation cellular mobile communication and aims at “enhanced Mobile Broadband

(eMBB) / massive Machine Type Communication (mMTC) / Ultra-Reliable and Low Latency Commu-

nications (URLLC)”. MEC has caught much attention to achieve URLLC in 5G. MEC installs compu-

tational nodes referred to as edge servers in the mobile network. The edge server can process the data

from vehicles with low latency compared with the cloud.

In this thesis, the remote control is defined as a control system by which external equipment, such

as the cloud and edge servers, collects and analyzes sensor information from multiple vehicles and
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controls them. Different from autonomous control, the remote control can achieve central control and

easily solve the mediation of control among vehicles.

To achieve the ultra-wide range cooperative driving system using 5G/MEC and the remote control,

however, there are three challenges, i.e. “problem about the remote control platform”, “problem about

the platform evaluation” and “problem about the platform adaptation to the actual communication en-

vironment”.

The first challenge is that there is no platform to achieve the ultra-wide range cooperative driving

system. The remote control system using the cloud (cloud-based remote control) or edge-server (MEC-

based remote control) have been proposed. However, the cloud-based and MEC-based remote controls

have the problem about the communication latency and the range edge servers can collect sensor in-

formation from vehicles (sensor range), respectively. Therefore, the previous control systems cannot

achieve the ultra-wide range cooperative driving system. Furthermore, previous systems cannot con-

sider autonomous control. As the previous mentioned, although only autonomous control by the self-

autonomous vehicles cannot achieve cooperative driving, the control architecture with the combination

of the autonomous and remote control is required to achieve stable cooperative driving systems. At

last, there is no network architecture to achieve the ultra-wide range cooperative driving system. In the

mobile network, there are some candidates to deploy edge-servers, such as the base station, the central

office, the gateway and so on. The locations of the edge-servers affect “the latency between vehicle and

edge-server”, “sensor range” and “the number of edge-servers to construct the platform (the number of

ESs)”.

The second challenge is that there is no evaluation environment for the platform, even if we can

propose the platform. We need to show that the proposed platform can achieve the safety remote control

and evaluate the proposed platform using the test-bed which has equivalent features with the evaluation

using real vehicles.

The third challenge is that there is no environment for evaluating whether the proposed platform is

adaptable to the actual communication environment. Although there are various Mobile Network Op-

erator (MNO) and Mobile Virtual Network Operator (MVNO) in Japan, no previous work evaluates

these carrier communication features for the remote control. Therefore, we need to investigate these
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carrier communication features. Furthermore, even if we show the proposed platform can safely con-

trol vehicles using autonomous control for many hours in an actual communication environment, the

proposed platform cannot achieve the ultra-wide range cooperative driving system. Therefore, we need

to investigate the ratio of control between autonomous and remote control using the proposed platform.

In this thesis, to achieve the ultra-wide range cooperative driving system, we propose “Infrastructure

based vehicle control platform” and solve the above three challenges by “proposal of platform”,

“construction of the test-bed and evaluation of the proposed platform using the test-bed”, “measure-

ment of actual communication environment and evaluation of the proposed system using the actual

communication data”, respectively.

First, we propose the platform coordinated remote control by multi-layered edge servers and au-

tonomous control by vehicles. The proposed platform is composed of “the network architecture” which

can deploy multi-layered edge servers and “the vehicle control architecture” which coordinates remote

and autonomous control. In this thesis, multi-layered edge-servers are composed of Upper Edge Server

(UpES) and Lower Edge Server (LoES), and UpES is deployed upper (farther from vehicles) layer than

LoES. Therefore, UpES is susceptible to communication problems but has a small number of ESs and

wide sensor range. On the other hand, LoES can execute low latency processing but has a large number

of ESs and small sensor range. Furthermore, the proposed platform can move the location of UpES and

LoES among the base station, central office, gateway, and cloud in the mobile network. The location of

edge-servers affects “the latency between the vehicle and edge-server”, “sensor range” and “the num-

ber of ESs”. We propose the platform which switches the control among the autonomous control or the

remote control by UpES or LoES based on communication condition.

Second, we construct the test-bed which can control 1/10 scale micro-car from multi-layered edge

servers and evaluate whether our platform can control vehicles safely using the test-bed. We evaluate

an essential feature and an actual communication feature of the remote control. The essential feature

evaluation adds major communication load, i.e. “constant latency”, “burst packet loss” and “random

packet loss”, to the test-bed and evaluate the feature of the proposed system against their communication

load. From the essential feature evaluation, we show the following.

• If the constant latency is less than 100 ms, the cloud can achieve stable remote control.
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• If the interval of burst packet loss is less than 400 ms, the cloud can achieve stable remote control.

In the actual communication feature evaluation, we measure the actual network latency of the Internet

and select an hour that has a sharp fluctuating latency. We reproduce the selected latency data in the

test-bed and evaluate the remote control. From the actual communication feature evaluation, we show

that the remote control cooperated with UpES deployed at the cloud and LoES deployed at the base

station can achieve stable control equivalent to the control in an ideal environment that has almost no

communication load.

Third, to evaluate whether the proposed platform can adapt the actual communication environment,

we measure the actual latency data between various cloud services and various carriers, and simulate

the vehicle control of the proposed platform using the measured actual latency. The vehicle control sim-

ulation calculates control ratio among autonomous control, remote control by UpES and LoES, while

the locations of UpES and LoES move. From the vehicle control simulation, we show the following.

• Our proposed system can control vehicles more than 90% from the UpES and suppress the au-

tonomous control ratio to less than 0.6% by deploying the UpES and LoES at the cloud and the

central office, respectively.

• The deployment of the UpES can adjust the trade-off between the sensor range and control ratio

between the UpES and LoES.

• The deployment of the LoES can adjust the trade-off between the number of ESs and control ratio

between autonomous and remote control.

• The autonomous control is a requirement regardless of the deployment of the UpES and LoES

because unexpected burst packet loss cannot be prevented.

• Our platform, which deploys UpES to the cloud and LoES to the central office, can achieve the

maximum sensor range and low latency communication while suppressing the number of ESs.

We propose the platform to achieve the ultra-wide range cooperative driving system and establish the

condition which proposed platform achieves stable control from evaluation using test-bed. Furthermore,
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from the simulation evaluation, we show that the proposed platform can achieve stable remote control

by the edge server which can collect sensor information from a wide range in many time zones. From

the above, we show the feasibility of the ultra-wide range cooperative driving system.
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ୈ 1ষ

ং

1.1 ͍ͯͭʹڥࢢΑͼ,͓ۀ࢈ͷࣗಈंࡏݱ

2015 ΕͨαϛοτͷதͰ,ʮSustainable͞࠵࿈߹Ͱ։ࡍࠃʹ9݄ Development Goalsʢ࣋ଓՄ

ͳ։ൃඪ, Ҏ߱ SDGsʣ[1]ʯͱݺΕΔࣾࡍࠃձڞ௨ͷ։ൃඪ͕ఏএ͞Εͨ. SDGsͷதͰ

, ශࠔͷղܾӴੜ, ΤωϧΪʔ, ,Ԛછڥ ΔͨΊʹඞ͢ݱଓՄͳࣾձΛ࣮࣋

ཁͳ 17ͷ։ൃඪͱͦͷ։ൃඪͷͨΊͷ۩ମతͳλʔήοτ͕ઃఆ͞Ε͍ͯΔ.

17ͷඪͷ͏ͪͷ 1ͭ (ඪ 11) ʮ·ͪͮ͘Γʯʹؔ͢Δ։ൃඪͰ, ͦͷதʹ࣋ଓՄͳ

ࣾձΛ࣮͢ݱΔͨΊͷ 10ͷλʔήοτ͕ઃఆ͞Ε͍ͯΔ. ͦͷ͏ͪͷ 1ͭͰ͋Δλʔήοτ 11.7

ΛҎԼʹࣔ͢.

2030·ͰʹɺঁੑɾࢠͲɺ͓ऀྸߴΑͼ,োऀΛؚΊ,ਓʑʹ҆શͰแઁత͔ͭར༻͕༰қ

ͳެڞεϖʔεͷීวతΞΫηεΛఏ͢ڙΔ.

͜ͷ͜ͱ, ,ΔͨΊʹ͢ݱଓՄͳࣾձΛ࣮࣋ ҆ఆͨ͠ަ௨γεςϜͷཱ͕֬ඞཁෆՄܽͰ͋

Δ͜ͱΛ͍ࣔͯ͠Δ.

SDGs ͷඪͱͯ͛͠ܝΒΕ͍ͯΔ͜ͱ͔Β, ͷަ௨γεςϜ͕ສਓʹීวతΞΫηεࡏݱ

Λఏ͍ͯ͠ڙΔͱ͍ݴ͍. ํެަڞ௨Πϯϑϥ͕͘͠, ࣗՈ༻ंΛॴ༗͍ͯ͠ͳ͍

߹, ༷ʑͳॴͷΞΫηε͕ࠔʹͳΔ. ͦͷͨΊ, ंͷӡస͕Ͱ͖ͳ͍ऀྸߴࢠͲެڞ

εϖʔεͷΞΫηε͕ࠔʹͳΔՄੑ͕͍ߴ. ҰํͰ, ࢢ෦Ͱެަڞ௨ॆ࣮͍ͯ͠Δ

ͷͷ, .Δ͢ࡏͰ͋Δ߹͕ଘࠔ௨ͷΓ·ͰͷΞΫηε͕ަڞͱͬͯެʹऀྸߴ ํͱ
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ൺֱ͢Δͱ, ࣗՈ༻ंΛॴ༗͍ͯ͠ͳ͍ਓଟ͘, ͷѱ͍ऀྸߴʹͱͬͯํҎ্ʹࣗ༝ͳҠ

ಈ͕ࠔͰ͋ΔՄੑ͕͍ߴ. ·ͨ, ࢢ෦Ͱ, ༰ྔΛ͑ΔࣗՈ༻ंόεʹΑͬͯौڐ

͕ൃੜ͓ͯ͠Γ, ޮతͳަ௨͕ҡ࣋Ͱ͖͍ͯΔͱ͍ݴ͍. ौதʹൃੜ͢Δෆཁͳഉؾ

Ψε, SDGsͰఏএ͞ΕΔڥ (ඪ 13) ʹͭͳ͕͍ͬͯΔ.

ຊത࢜จͰ, ͢ڙΔͨΊͷʮҙͷॴීวతΞΫηεΛఏ͢ݱଓՄͳࣾձΛ࣮࣋

Δަ௨γεςϜͷཱ֬ʯΛۃڀͷඪͱ͢Δ.

1.2 ࣗಈंͷ੍ࣗޚʹΑΔࣗಈӡసʹ͍ͭͯ

ඪͱͳΔަ௨γεςϜΛ࣮͢ݱΔͨΊʹࣗಈंͷ੍ࣗޚʹΑΔࣗಈӡస (Ҏ߱, ੍ࣗޚ)

ඞਢͷٕज़Ͱ͋Δ. ຊจͰ, ੍ࣗޚΛࣗಈӡసं͕ࣗʹऔΓ͚ΒΕͨηϯα (Lidar

ߴਫ਼Χϝϥ) Λ༻͍ͯपลڥΛηϯγϯά͠, ͦΕΒͷใΛ༻͍ͯࣗΛ੍͢ޚΔγ

εςϜͱఆٛ͢Δ. ੍ࣗޚʹ͍ͭͯ, τϤλ [2] ͷΑ͏ͳࣗಈं͚ͩۀاͰͳ͘, google[3] 

Apple[4] ͷΑ͏ͳ IT ,ۀا ύφιχοΫ [5] ࡾඛిػ [6] ͷΑ͏ͳిػϝʔΧ, ༷ʑͳۀاɾ

େֶ͕ڀݚ։ൃΛ͓ͯͬߦΓ, ͦͷͷ͕͑͞ߴΔɽ

ҰํͰ, զʑ੍͚ࣗͩޚͰඪͱͳΔʮҙͷॴීวతΞΫηεΛఏ͢ڙΔަ௨γε

ςϜʯΛ࣮͢ݱΔ͜ͱͰ͖ͳ͍ͱ͍ͯ͑ߟΔ. ୈҰͷ՝, ʮηϯαʹΑΔใऩूͷൣғʯ

Ͱ͋Δ. ֤ं྆ʹऔΓ͚ΒΕͨηϯαͰऩूՄͳใͷൣғ͘ڱ, ࿏ަࠩͰ͍ڱ

҆શͳ੍ޚʹඞཁͱͳΔใΛऩू͢Δ͜ͱ͕Ͱ͖ͳ͍. ंʑؒ௨৴ (Ҏ߱, V2X)[7]Λ༻͍ͯ, प

ลं྆ͱใڞ༗Λͨͬߦͱͯ͠, ौΛྀߟͰ͖Δൣ͍ғͷηϯαใͷऩू࣮ݱͰ

͖ͳ͍. ୈೋͷ՝, ʮं྆ؒͷ੍ޚͷௐఀʯͰ͋Δ. ੍ࣗޚͷࣗಈӡసंऩूͨ͠ηϯα

ใ͔ΒʮࣗͷஅʯͰ҆શͳ੍ޚΛ͏ߦඞཁ͕͋Δ. ͦͷͨΊ, ं͕ີू͢ΔަࠩͰ, ं

྆ಉݶ͕࢜ΒΕͨηϯαใʹ͍҆ͯͮجશΛྀ͢ߟΔ͜ͱͰ͢ࢭఀʹ͍ޓΔʮσουϩοΫʯ

ΛҾ͖͢͜ىՄੑ͕͋Δ. ͜ͷ੍ޚௐఀͷ՝, ޚ੍ࢄͷࠜຊతͳ՝Ͱ͋ΔͨΊ, ͨͱ͑

,Ͱ͖ͨͱͯ͠ݱ༗Λ࣮ڞғͷใൣ .શʹղܾ͢Δ͜ͱ͍͠

զʑ, ͜ΕΒ 2ͭͷ੍ࣗޚͷେ͖ͳ՝

1. ηϯαʹΑΔใऩूͷൣғ

2. ं྆ؒͷ੍ޚͷௐఀ
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Λղܾ͠, ඪͱͳΔަ௨γεςϜΛߏங͢ΔͨΊʹ, ੍ࣗޚʹՃ͑ͯ, ғͷใ͕ऩूൣ

ՄͳʮڠௐӡసγεςϜʯΛߏங͢Δඞཁ͕͋Δͱ͍ͯ͑ߟΔ.

1.3 ͍ͯͭʹௐӡసڠ

ຊจͰ, ෦ʹ͓͍ͯʮෳं྆ʹରͯ͠ʯԆ௨৴ʹΑΔҐࢢௐӡసγεςϜΛڠ

ஔऔಘɾௐఀɾ੍ޚΛ͏ߦγεςϜͱఆٛ͢Δ.

,ࡏݱ ଟٞ͘͞Ε͍ͯΔڠௐӡసγεςϜ, V2X ͷΑ͏ͳ௨৴ͱं྆ࣗʹΑΔࢄ

ಓ࿏ͷ߹ྲྀʯߴʮεϜʔζͳަࠩͷ௨աʯʮεϜʔζͳ,͍ߦͷௐఀΛޚΑ੍ͬͯʹޚ੍

Λ࣮͢ݱΔ [8, 9]. ,ͷͷ͍ڱରͱͳΔۭؒޚ੍ .ՄͰ͋Δݱ࣮ޚॴతͳަ௨੍ہ

ҰํͰ, ,ௐӡసγεςϜͰڠͷه্ ौަ௨੍نͷΑ͏ͳҬใΛྀ͍ͯ͠ߟͳ͍. զʑ

, ,Ͱ্ྀͨ͠ߟҬใΛ ,ΓݶΘͳ͍ߦΛޚॴతͳަ௨੍ہ ඪͱͳΔަ௨γεςϜ࣮ݱ

Ͱ͖ͳ͍ͱ͍ͯ͑ߟΔ. ॴతͳہಓ࿏ͷ߹ྲྀʯʮަࠩ௨աʯͷΑ͏ͳߴΔͱ,ʮ͍͑ݴ

ަ௨੍ޚͱʮौ੍ޚʯʮަ࣌ࡂ௨ͷཧʯͷΑ͏ͳશମతͳަ௨੍ޚΛಉ͜͏ߦʹ࣌ͱͰ,

ॳΊͯҙͷॴͷීวతΞΫηεΛఏڙͰ͖Δͱ͍ͯ͑ߟΔ.

զʑ, ϞσϧʯΑΓޚ੍ࢄΊʹ,ʮं྆ࣗʹΑΔͨ͏ߦΛޚ੍྆ंྀͯ͠ߟҬใΛ

ʮηϯλʔʹΑΔूத੍ޚϞσϧʯͷ΄͏͕ద͍ͯ͠Δͱ͍ͯ͑ߟΔ. ͜͜Ͱ, ूத੍ޚϞσϧ

ͱ੍ޚରͷใΛҰՕॴʹूɾղੳΛ͍ߦ, ରʹ༩͑ΔೖྗΛܾఆ͢ΔϞσϧͰޚ੍֤

͋Δ. ޚ੍ࢄϞσϧͰൣғʹͳΔ΄Ͳ੍ޚͷௐఀ͕͘͠ͳΔͨΊ, զʑ, ं྆ͷҐஔ

ͱ͍ͬͨใΛҰՕॴʹू੍ͯ͠ޚΛू͏ߦத੍ޚϞσϧΛ༻͍Δ͜ͱͰ, શମަ௨੍ޚ

ͱہॴަ௨੍ޚͷཱ྆Λ࣮ݱͰ͖Δͱ͍ͯ͑ߟΔ.

Ҏ্ΑΓ, զʑۃڀͷඪͰ͋ΔʮҙͷॴීวతΞΫηεΛఏ͢ڙΔަ௨γεςϜʯΛ

ཱ֬͢ΔͨΊʹ, ूத੍ޚϞσϧΛ༻͍ͨʮൣғͷڠௐӡసγεςϜʯ͕ඞཁͰ͋Δͱ

.Δ͍ͯ͑ߟ ͜͜Ͱ, ʮൣғʯͱ౦ژશମຊશମͱ͍ͬͨنΛࣔ͢.

զʑ͜ͷൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊʹ

1. ୈ 5ੈҠಈମ௨৴, Mobile/Multi-access Edge Computing

2. ԕ੍ִޚ

͕ඞཁͰ͋Δͱ͍ͯ͑ߟΔ.
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1.4 ୈ 5ੈҠಈମ௨৴, Mobile/Multi-access Edge Computingʹ͍ͭͯ

ൣғͰใڞ༗Λ࣮͢ݱΔͨΊʹ, ͷҠಈମ௨৴Ͱ͋Δୈੈ࣍ 5 ੈҠಈ௨৴γες

Ϝ (Ҏ߱, 5G)[10, 11]ඞਢͷٕज़Ͱ͋Δ. 5GͰ, 3ͭͷඪ

• ΔʮeMBBʢenhanced͢ݱେ༰ྔσʔλૹΛ࣮ߴ Mobile Broadbandʣʯ

• େྔͷಉ࣌ଓΛ࣮͢ݱΔʮmMTCʢmassive Machine Type Communicationsʣʯ

• ΔʮURLLC(Ultra-Reliable͢ݱ৴པ͔ͭԆ௨৴Λ࣮ߴ and Low Latency Communica-

tions)ʯ

Λఏ͍ࣔͯ͠Δ. ͦͷதͰ, ࣗಈं͕ 5G ͢Δ௨৴ཁ݅ظ࠷ʹ URLLC Ͱ͋Δ. ௨ؾిࡍࠃ

৴࿈߹ (ITU[12])͕ਐΊΔ 5Gͷඪ४ԽʮIMT-2020[13]ʯͷதͰ, ࣗಈंͷࣗಈӡస͕࠷

Ԇɾߴ৴པΛඞཁͱ͢ΔϢʔεέʔεͱͯ͠ఆٛ͞Ε͍ͯΔ.

͜ͷ 5G ͷதͰ, URLLC Λ࣮͢ݱΔͨΊʹ༗༻ͳٕज़ͱͯ͠ Mobile/Multi-Access Edge Com-

puting (MEC) [14, 15] ʹ͕ू·͍ͬͯΔ. MEC, Ҡಈମ௨৴ͷجہͷΑ͏ͳωοτϫʔ

Ϋஔ্ʹʮΤοδαʔόʯͱݺΕΔ൚༻తͳࢉܭஔΛஔ͠, ͦͷΤοδαʔό্Ͱࢄ

ॲཧΛٕ͏ߦज़Ͱ͋Δ. Ϋϥυͱൺֱͯ͠Ϣʔβͱ͍ۙҐஔ͔ΒใॲཧΛ࣮ݱͰ͖Δͨ

Ί, Ϣʔβ-ࢉܭஔؒͷ௨৴ԆΛ੍͢Δ͜ͱ͕Ͱ͖Δ. ԆԽٕज़ͱͯࣗ͠ಈंۀք

͔Βͷ͘ߴ, 2017 ʹ MEC Λं྆ใͷॲཧʹԠ༻͢ΔͨΊͷίϯιʔγΞϜͰ͋Δ

Automotive Edge Computing Consortium (AECC)[16]্ཱͪ͛ΒΕͨ.

զʑ, 5G/MECΛ༻͍Εൣғͷใڞ༗ΛԆʹ࣮ݱͰ͖Δͱ͓ͯ͑ߟΓ, ғͷൣ

൫ͱͯ͠جΔͨΊͷ௨৴͢ݱௐӡసγεςϜ࣮ڠ 5G/MECڥΛఆ͢Δ.

1.5 ԕ੍ִޚʹ͍ͭͯ

ं྆ؒͷ੍ޚͷௐఀ, ं྆ಉ͍ޓ͕࢜ʹஅΛ͏ߦޚ੍ࢄϞσϧͰ͍͠. ͦ͜Ͱ, զʑ

֎෦͔Βं྆Λ੍͢ޚΔʮԕ੍ִޚʯʹڠ͍ͨͮجௐӡసγεςϜͷߏஙΛ͏ߦ. ຊจͰ,

ԕ੍ִޚΛΫϥυΤοδαʔόͷΑ͏ͳ֎෦ஔ͕ं͔྆ΒηϯαใΛऩूɾղੳ͠, ԕִ

͔Β੍ޚใͷఏڙΛ͏ߦγεςϜͱఆٛ͢Δ. ԕ੍ִޚΛ༻͍ͯγεςϜΛߏங͢Δ͜ͱͰ, ੍

,ͱͳΔͨΊޚͰͳ͘ूத੍ޚ੍ࢄϞσϧ͕ޚ ं྆ؒͷ੍ޚͷௐఀΛղܾ͢Δ͜ͱ͕Ͱ͖Δ.
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͢Ͱʹ, ΫϥυΛ༻͍ͨԕִं੍྆ޚ (Ҏ߱, Ϋϥυܕԕ੍ִޚʣγεςϜ [17, 18] ͕ఏҊ

͞Ε͍ͯΔ. Ϋϥυܕԕ੍ִޚγεςϜͰΫϥυ͕ηϯαใΛൣʹଘ͢ࡏΔं͔྆Β

ऩू͠, ηϯαใͷղੳΛ͍ߦ, ं྆ʹର੍ͯ͠ޚใͷఏڙΛ͏ߦ. Δं͔྆͢ࡏғʹଘൣ

ΒηϯαใΛऩू͢Δ΄Ͳ, ༗ޮͳใΛं྆ʹఏڙͰ͖ΔҰํͰ, ं྆-Ϋϥυؒͷ௨৴

Ԇ͕ݮେ͖ͳ՝ͱͳΔ.

Ϋϥυܕԕ੍ִޚγεςϜͷ௨৴Ԇʹؔ͢ΔΛղܾ͢ΔͨΊʹ, MEC ʹΑΔΤοδ

αʔόΛ༻͍ͨԕִं੍྆ޚʢҎ߱, MECܕԕ੍ִޚʣγεςϜఏҊ͞Ε͍ͯΔ [19, 20]. MEC

,γεςϜͰޚԕ੍ִܕ Ϋϥυܕԕ੍ִޚγεςϜͱൺֱͯ͠ं྆ʹ͍ۙҐஔ͔Βใॲཧ

Λ࣮ݱͰ͖ΔͨΊ, Ԇͳं੍྆ޚΛ࣮ݱͰ͖Δ. ͔͠͠, Ϋϥυܕԕ੍ִޚͷΑ͏ʹൣғ

͔Βं྆ͷηϯαใΛऩू͢Δ͜ͱͰ͖ͳ͍. ൣғͷڠௐӡసγεςϜ࣮ݱͷͨΊʹ,

,ғ͔Βं྆ͷηϯαใΛऩूͰ͖Δஔ͕ൣ ,ғͷं྆ঢ়ଶΛѲͨ͠͏͑Ͱൣ ं྆ʹର

.͍͠·Λ༩͑Δ͜ͱ͕ࣔࢦͯ͠

1.6 5G/MECͱԕ੍ִޚʹΑΔڠௐӡసγεςϜͷ՝

5G/MECͱԕ੍ִޚΛ༻͍ͯ, ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊʹ, େ͖͘ 3ͭͷ

՝͕ଘ͢ࡏΔ. ҎԼʹͦΕΒͷ՝Λࣔ͢.

1. ϓϥοτϑΥʔϜʹؔ͢Δ՝

2. ϓϥοτϑΥʔϜͷධՁʹؔ͢Δ՝

3. ࣮௨৴ڥͷదԠʹؔ͢Δ՝

1.6.1 ϓϥοτϑΥʔϜʹؔ͢Δ՝

ୈҰͷ՝, ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊͷϓϥοτϑΥʔϜ͕ଘ͠ࡏͳ͍

͜ͱͰ͋Δ.

1.5અͰड़ͨΑ͏ʹ, ͢ͰʹΫϥυܕ, MECܕͷԕ੍ִޚγεςϜఏҊ͞Ε͍ͯΔ. ͔͠

͠, ͜ΕΒ̎ͭͷ੍ޚγεςϜͷؒʹʮΤοδαʔό͕ηϯαใΛऩूͰ͖Δൣғʯͱʮं

྆-Τοδαʔόؒͷ௨৴ԆʯͷτϨʔυΦϑ͕ଘ͢ࡏΔ. ΫϥυΤοδαʔό୯ମͰ, ͜
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ΕΒΛಉ͢ݱ࣮ʹ࣌Δ͜ͱ͕Ͱ͖ͳ͍ͨΊ, ैདྷγεςϜͰൣғͳڠௐӡసγεςϜΛ࣮

.Δ͜ͱͰ͖ͳ͍͢ݱ

·ͨ, ैདྷγεςϜͷதͰ, ੍ྀࣗ͞ߟ͕ޚΕ͍ͯͳ͍. 1.2અͰड़ͨͱ͓Γ, ੍ࣗͩޚ

͚ͰڠௐӡసγεςϜΛ࣮͢ݱΔ͜ͱ͍͠. ͔͠͠, ҆શͳൣғͷڠௐӡసγεςϜΛ

,ʹங͢ΔͨΊߏ ԕ੍ִޚͱ੍ࣗޚΛΈ߹Θͤͨं੍྆ޚΞʔΩςΫνϟඞਢͰ͋Δ.

Ճ͑ͯ, ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊͷωοτϫʔΫΞʔΩςΫνϟఏҊ͞

͍ͤͯͳ͍. 2018࣌Ͱ௨৴͔ऀۀࣄΒΤοδαʔόͷ۩ମతͳஔܭըൃද͞Ε͓ͯΒͣ,

Ҡಈମ௨৴ʹ, ʮجہʯ, ʮࣷہʯ, ʮήʔτΣΠʯ༷ʑͳΤοδαʔόΛஔՄ

ͳωοτϫʔΫஔ͕ଘ͢ࡏΔ. Τοδαʔόஔ͞ΕΔωοτϫʔΫஔʹΑͬͯ, Լهͷ 3

ͭͷಛੑ͕มԽ͢Δ.

• ं྆-Τοδαʔόؒͷ௨৴Ԇ

• ऩ༰

• Τοδαʔό

ं྆-Τοδαʔόؒͷ௨৴ԆΤοδαʔόͷஔ͕ं྆ʹ͍ۙ΄Ͳ͘, ԕ͍΄Ͳ͘ͳΔ.

ऩ༰Τοδαʔό͕ηϯαใΛऩूͰ͖Δं྆ͷΛࣔ͠, Τοδαʔό͕ηϯα

ใΛऩूՄͳൣғʹӨڹΛ༩͑Δ. ྫ͑, ,Ͱ͋Εہج ऩ༰جہͱແઢ௨৴Λհ

ͯ͠ଓ͢Δं྆ͷͰ͋Γ, ෳͷجہΛू͢Δ1ࣷہͰ͋Ε, جଓ͞Εͨʹࣷہ

ہͱ௨৴Λ྆ं͏ߦͷ͕ऩ༰ͱͳΔ. ͜ͷ͜ͱΤοδαʔόͷஔ͕ं͔྆Β͍ۙ

΄Ͳऩ༰͕খ͘͞, ԕ͍΄Ͳେ͖͘ͳΔ͜ͱΛࣔ͢. ,Ε͍͑ݴ ऩ༰͕େ͖͍΄Ͳ

ൣғͷं྆ͷηϯαใΛऩूͰ͖Δ͜ͱΛࣔ͢. Τοδαʔόൣғͷڠௐӡసγες

Ϝ࣮࣌ݱʹஔ͢Δඞཁ͕͋ΔΤοδαʔόͷΛࣔ͠, ઃඋࢿίετʹେ͖ͳӨڹΛ༩͑Δ.

ྫ͑, ,߹ஔ͢Δʹہج ΤοδαʔόຊࠃʹສͱඞཁʹͳΔҰํͰ, Ϋϥυ

Ͱ͋ΕΤοδαʔόͰ͋Δ. ͢ͳΘͪ, Τοδαʔό, Τοδαʔόͷஔ͕ं྆

͔Β͍ۙ΄Ͳଟ͘, ԕ͍΄Ͳগͳ͘ͳΓ, Τοδαʔό͕গͳ͍΄ͲઃඋࢿίετΛ੍͢Δ

͜ͱ͕Ͱ͖Δ.

ࡉ1ৄ 3.6 અ
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Ҏ্Ͱड़ΒΕͨΛྀߟͰ͖ΔൣғͷڠௐӡసγεςϜ࣮ݱͷͨΊͷϓϥοτϑΥʔϜ

ΛఏҊ͢Δඞཁ͕͋Δ.

1.6.2 ϓϥοτϑΥʔϜͷධՁʹؔ͢Δ՝

ୈೋͷ՝, ϓϥοτϑΥʔϜΛఏҊͰ͖ͨͱͯ͠ධՁ͢Δ͕ڥଘ͠ࡏͳ͍͜ͱͰ͋Δ.

ఏҊ͢ΔϓϥοτϑΥʔϜ্ͰͷڠௐӡసγεςϜΛධՁ͢ΔͨΊʹ, ࣮ंධՁͱಉͷಛ

ੑΛͭ࣋ςετϕουͰධՁΛ͏ߦඞཁ͕͋Δ. ຊདྷͰ͋Ε, ௐӡసγεςϜͷධՁʹ࣮ंڠ

Λ༻͍ͨੑධՁΛ͜͏ߦͱ͕·͍͠. ͔͠͠, ࣮ंΛ༻͍ͨධՁڥͷߏங͘͠, ·࣮ͨ

ंʹΑΔධՁͰޡࡨߦࢼΛ܁Γฦ͢ධՁ͕͍͠. ͦͷҰํͰ, γϛϡϨʔγϣϯϕʔεʹΑΔ

ධՁͷ߹, ࣮ंͱͷ͕ࠩେ͖͘, ఏҊ͢ΔϓϥοτϑΥʔϜΛࣾձ࣮͢Δͱ͖ʹେ͖ͳʹࡍ࣮

ᴥᴪ͕ੜ͡ΔՄੑ͕͋Δ.

ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊʹ, ఏҊ͢ΔϓϥοτϑΥʔϜৗʹ҆ఆͨ͠

.ଓ͢Δඞཁ͕͋ΔܧΛޚ੍྆ं ϓϥοτϑΥʔϜͷ҆ఆ੍ޚΛࣔͨ͢Ίʹ, ςετϕουΛߏ

ங͠, ༷ʑͳ௨৴ෛՙΛςετϕοτʹՃ͑ͯ, ςετϕοτ͕҆ఆ੍ͯ͠ޚΛܧଓͰ͖Δ͜ͱ

Λࣔ͢ඞཁ͕͋Δ.

Ҏ্ΑΓ, ςετοτڥΛߏங͠, ςετϕοτ্ڥͰ௨৴ෛՙ͕૿େͨ࣌͠ͷ҆ఆ੍ޚ

ʹؔ͢ΔධՁΛ͏ߦඞཁ͕͋Δ.

1.6.3 ϓϥοτϑΥʔϜͷ࣮௨৴ڥͷదԠʹؔ͢Δ՝

ୈࡾͷ՝, ఏҊ͢ΔϓϥοτϑΥʔϜΛ࣮௨৴ڥʹదԠՄ͔ධՁ͢Δ͕ڥଘ͠ࡏͳ

͍͜ͱͰ͋Δ.

,ࡏݱ ຊࠃʹओཁͳMobile Network Operator (MNO)2͕ 3ࣾଘ͢ࡏΔ͜ͱʹՃ͑, ༷ʑͳ

Mobile Virtual Network Operator (MVNO)3͕಄͍ͯ͠Δ. ͔͠͠, ͜ΕΒΩϟϦΞ4ͷԕ੍ִޚΛ

ఆͨ͠௨৴ܦ࿏ͷಛੑʹ͍ͭͯௐࠪΛͨͬߦաڈͷڀݚଘ͠ࡏͳ͍. ͦͷͨΊ, ΩϟϦΞͷ௨

৴ಛੑΛཏతʹௐࠪ͠ධՁ͢Δඞཁ͕͋Δ.

·ͨ, ςετϕουʹΑΔධՁ͔Β, ఏҊ͢ΔϓϥοτϑΥʔϜͷ҆ఆ੍ޚΛࣔͤͨͱͯ͠,

2ཧతͳҠಈମ௨৴ΛࣗࣾͰอ༗͢Δ௨৴ऀۀࣄ
3ཧతͳҠಈମ௨৴Λ MNO ͔ΒआΓͯαʔϏεΛఏ͢ڙΔ௨৴ऀۀࣄ
4ຊจͰ MNO, MVNO ͷ૯শΛΩϟϦΞͱ͢Δ
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࣮௨৴ڥʹదԠͨ͠߹, ଟ͘ͷؒ࣌ଳͰ੍ޚΛ੍ࣗޚʹཔ͍ͬͯͯ, ൣғͷڠௐӡస

γεςϜΛ࣮͢ݱΔ͜ͱͰ͖ͳ͍. ఏҊ͢ΔϓϥοτϑΥʔϜͷ࣮௨৴ڥͷదԠΛධՁ͢

Δʹ, ࣮௨৴ڥԼͰԕ੍ִޚΛ͑ߦΔؒ࣌ଳ, ੍͕ࣗޚඞཁʹͳΔؒ࣌ଳΛௐࠪ͢Δඞཁ͕

͋Δ.

Ҏ্ΑΓ, ༷ʑͳΩϟϦΞͷ௨৴ڥΛѲ্ͨ͠Ͱ, ఏҊ͢ΔϓϥοτϑΥʔϜͷ࣮௨৴ڥ

ԼͰͷಈ࡞ΛධՁ͢Δඞཁ͕͋Δ.

1.7 ఏҊख๏

ຊത࢜จͰ, ൣғͷڠௐӡసγεςϜ࣮ݱͷͨΊʹ, ੍ࣗޚͱԕ੍ִޚΛ࿈ͨͤ͞ܞ

ʮΠϯϑϥޚ੍྆ंܕϓϥοτϑΥʔϜ [21, 22, 23, 24] ʯΛఏҊ͢Δ.

ਤ 1.1ఏҊϓϥοτϑΥʔϜͷ֓ཁΛࣔ͢. ຊจͰ, લઅͰఆٛ͞Εͨ 3ͭͷ՝Λਤ 1.1

தͷ 3ͭͷ߲Ͱղܾ͢Δ͜ͱͰ, ൣғͷڠௐӡసγεςϜͷ࣮ݱՄੑΛࣔ͢.

1.7.1 ϓϥοτϑΥʔϜఏҊ

ଟͷΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈंʹΑΔ੍͕ࣗޚ࿈͢ܞΔं੍྆ޚϓϥοτϑΥʔ

ϜΛఏҊ͢Δ.

ਤ 1.1ͷ 1ʹఏҊϓϥοτϑΥʔϜͷશମ૾Λࣔ͢. ఏҊϓϥοτϑΥʔϜଟͷΤοδαʔ

ό5Λஔ͢ΔʮωοτϫʔΫΞʔΩςΫνϟʯͱ, ͦͷଟΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈ

ंʹΑΔ੍ࣗޚΛ࿈ͨͤ͞ܞʮं੍྆ޚΞʔΩςΫνϟʯʹΑͬͯߏ͞ΕΔ.

Τοδαʔόؒͷԕ੍ִޚͷ͓Αͼ, ԕִ/੍ࣗޚͷ௨৴ڥʹԠ͍ͯ͡ߦ, ௨৴

ఆ͕҆ڥ (௨৴Ԇ͕খ͘͞, ύέοτϩε͕ແ͍ʣ͍ͯ͠ΔݶΓ, ্ҐͷΤοδαʔό (ਤ 1.1

ͰΫϥυ)͔Β੍ޚΛ͏ߦ. ҰํͰ, ௨৴͕ෆ҆ఆͱͳͬͨ߹ʹ, ԼҐͷΤοδαʔό (ਤ

1.1Ͱجہ) ʹΑΔԕ੍ִ͓ޚΑͼ, ੍ࣗޚʹΓ͑Δ͜ͱͰ҆ఆ੍ͨ͠ޚΛҡ࣋͢Δ. Մ

ͳݶΓൣғͷใΛऩूՄͳ্Ґ͔Β੍ޚΛ͍ߦ, ඇৗ࣌ͷΈԼҐ͔Β੍ޚΛ͜͏ߦͱͰ,

େ͖ͳऩ༰ͱԆͷཱ྆Λ࣮͢ݱΔ.

ຊจͷଟΤοδαʔό Upper Edge Sever (UpES) ͱ Lower Edge Server (LoES) ͷ 2 Ͱ

,͞Εߏ UpES  LoES ΑΓ্ҐͷωοτϫʔΫϨΠϠʹஔ͞ΕΔ. ͦͷͨΊ, UpES  LoES

5ຊจͰ, ΫϥυΤοδαʔόʹؚΊΔ.
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ਤ 1.1: Πϯϑϥޚ੍྆ंܕϓϥοτϑΥʔϜ

ͱൺֱͯ͠Τοδαʔό͕গͳ͘, ऩ༰͕େ͖͍ͷͷ, ωοτϫʔΫোͷӨڹΛड͚

͍͢.

ຊจͰ, ఏҊϓϥοτϑΥʔϜΛదԠ͢Δڥʹ 5G/MECΛఆ͓ͯ͠Γ, UpES/LoESͷ

ஔઌ,ʮجہʯ,ʮࣷہʯ,ʮήʔτΣΠ6ʯ,ʮΫϥυʯͷؒͰௐͰ͖Δ. UpES/LoES

ͷஔʮं྆-Τοδαʔόؒͷ௨৴Ԇʯ, ʮऩ༰ʯ, ʮΤοδαʔόʯʹӨڹΛ༩͑,

͜ΕΒͷ౷ܭใ࣮௨৴ଌఆͷ݁Ռ͔Βಋ͘.

͜ΕΒ 2ͷΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈंʹΑΔ੍͕ࣗޚ௨৴ঢ়ଶʹ྆ं͍ͯͮج

.ங͢ΔߏΔϓϥοτϑΥʔϜΛ͑ΛΓޚ੍

6LTE ʹ͓͚Δ Packet data network gateway Λఆ.
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1.7.2 ςετϕουͷߏஙɾධՁ

ఏҊϓϥοτϑΥʔϜΛධՁ͢ΔͨΊʹ, ຊจͰ, ෳͷΤοδαʔό͔ΒϚΠΫϩΧʔͷ

ԕ੍ִޚΛ࣮ݱͰ͖ΔςετϕουΛߏங [22, 25, 26, 24] ͢Δ. ·ͨ, ༺ஙͨ͠ςετϕουΛߏ

͍ͯ, ఏҊϓϥοτϑΥʔϜʹΑΔं੍྆ޚͷධՁΛ͏ߦ.

ςετϕοτΛ༻͍ͨධՁʮجຊಛੑධՁʯͱʮ࣮௨৴ಛੑධՁʯͷ 2छྨΛ͏ߦ. ຊಛੑج

ධՁͰ, ΫϥυͱϚΠΫϩΧʔͷؒʹجຊతͳωοτϫʔΫোΛՃ͑ͯ, Ϋϥυ͔Βं྆

ͷޚ੍ߦΛ͏ߦ. ωοτϫʔΫোͱيߦͷมԽ͔ΒڠௐӡసγεςϜཱ͕͢Δ௨৴ͷ

ᮢʢҎ߱, ᮢʣΛಋ͘. ࣮௨৴ಛੑධՁͰ, ಋ͍ͨᮢͱ࣮ܭଌͨ͠௨৴Ԇσʔ

λΛ༻͍ͯ, ޚ੍ߦਫ਼ͷධՁΛ͍ߦ, ௨৴ͷঢ়ଶʹԠͯ͡UpES, LoES੍ؒޚΛΓ͑Δ͜

ͱʹΑͬͯ, .Ͱ͖Δ͜ͱΛࣔ͢ݱΛ࣮ޚͷਫ਼ΛԼ͛Δ͜ͱͳ͘ԕ੍ִޚ੍྆ं

1.7.3 ࣮௨৴ڥͷଌఆɾධՁ

࣮௨৴ڥΛྀͨ͠ߟධՁΛͨ͏ߦΊʹ, 3ͭͷΫϥυαʔϏεʹରͯ͠, 11ͷΩϟϦΞͷ௨

৴Ͱ࣮ԆσʔλΛଌఆ͠, ύέοτϩεͱ௨৴Ԇʹ͍ͭͯධՁ͢Δ [21, 24, 23].

௨৴σʔλ͕ܭଌͰ͖ͨΒ, ͦΕΒΛ༻͍ͯ, ఏҊϓϥοτϑΥʔϜͷं੍྆ޚγϛϡϨʔγϣ

ϯΛ͏ߦ. γϛϡϨʔγϣϯͰ, UpES, LoESͷஔΛม͢ߋΔ͜ͱͰԆΛมԽͤͯ͞, UpESɾ

LoESʹΑΔԕ੍ִޚ, ࣗಈंͷ੍ࣗޚͷ੍ޚൺ ͷׂؒ࣌Λ୲ͨ͠ޚख๏͕ं੍྆ޚ੍֤)

߹ʣΛಋ͘. ·ͨ, UpES, LoESͷஔΛม͠ߋ, ऩ༰ͱ੍ޚൺ, Τοδαʔόͷؔʹͭ

͍ͯධՁ͢Δ. ,ʹߋ UpES, LoESͷ࠷దஔΛ͠ߟ, ΤοδαʔόΛ੍ͭͭ͠, େͷऩ༰࠷

ͱԆΛཱ྆͢ΔఏҊϓϥοτϑΥʔϜΛ࣮ݱͰ͖Δ͜ͱΛࣔ͢.

1.8 ݙߩ

ຊത࢜จʹ͓͚Δ࠷େͷݙߩʮ௨৴Ԇ/ऩ༰/ΤοδαʔόͷτϨʔυΦϑΛղܾ

ՄͳଟΤοδαʔόΛ༻͍ͨं੍྆ޚϓϥοτϑΥʔϜͷཱ֬ʯͰ͋Δ.

ओཁͳݙߩΛҎԼʹࣔ͢.

• ΤοδαʔόΛଟʹஔ͢ΔωοτϫʔΫΞʔΩςΫνϟͷఏҊ (3ষ)
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• ఏҊωοτϫʔΫΞʔΩςΫνϟͰಈ͢࡞Δं੍྆ޚΞʔΩςΫνϟͷఏҊ͓Αͼ, ௐӡڠ

సγεςϜͷԠ༻ (3ষ)

• ΔͨΊͷ௨৴Ԇɾ࿈ଓύέοτϩεʹؔ͢Δᮢͷಋग़͢࡞ௐӡసγεςϜ͕҆ఆಈڠ

(4ষ)

• ςετϕοτΛ༻͍࣮ͨ௨৴ڥԽͰͷԕ੍ִޚͷ҆ఆಈ࡞ͷ֬ೝ (4ষ)

• ͷཏతͳଌఆɾධՁڥͷ௨৴ࠃΛతͱͨ͠ຊޚ੍྆ं (5ষ)

• ཏతʹܭଌͨ͠ԆσʔλΛ༻͍ͨࠃ௨৴ڥԽͰͷ੍ޚൺͷಋग़ (6ষ)

• ΤοδαʔόͷஔมߋʹΑΔ, ,ൺͱऩ༰͓Αͼޚ੍ Τοδαʔόͷؒʹ͋Δτ

ϨʔυΦϑͷղܾ (6ষ)

• దͳΤοδαʔόஔͷఏҊ࠷ (6ষ)

3 ষͷதͰ, ΞʔΩςΫνϟ/ωοτϫʔΫΞʔΩςΫνϟͷఏޚ੍྆ंʹͷͨΊݱௐӡస࣮ڠ

ҊΛ͏ߦ. ΤοδαʔόΛଟʹஔ͢ΔωοτϫʔΫΞʔΩςΫνϟ͓Αͼ, ଟͷΤοδαʔ

ό͔Βԕ੍ִޚΛޚ੍྆ं͏ߦΞʔΩςΫνϟຊจ͕࠷ॳͷఏҊͰ͋Γ, 2018࣌Ͱຊ

จҎ֎Ͱ֬ೝ͞Ε͍ͯͳ͍.

4ষͷதͰ, ςετϕουΛ༻͍ͨఏҊϓϥοτϑΥʔϜͷ௨৴Ԇʹର͢ΔجຊಛੑධՁʹ

ΑΓ, ԕ੍ִ͕҆ޚఆಈ͢࡞ΔͨΊͷʮं྆-ΤοδαʔόؒԆʯͱʮ੍ޚσʔλͷ࿈ଓύέο

τϩεʯʹؔ͢ΔᮢΛܾఆ͢Δ. ԕ੍ִޚΛ͏ߦΤοδαʔόͱं྆ͷؒͷԆ͕ᮢΛ

͑ͨ߹, ԼҐͷΤοδαʔόʹΑΔԕ੍ִޚ͘͠ं྆ʹΑΔ੍ࣗޚʹΓ͑Δ͜ͱͰ

҆ఆͨ͠ं੍྆ޚΛ࣮ݱͰ͖Δ͜ͱΛࣔ͢. ·ͨ, ύέοτϩεʹର͢ΔධՁ͔Β, σʔλͷޚ੍

࿈ଓύέοτϩε͕ᮢΛ͑ͨλΠϛϯάͰԕ੍ִޚΛ੍ࣗޚʹΓ͑Δ͜ͱͰ҆ఆ੍ޚ

Λ࣮ݱͰ͖Δ͜ͱΛࣔ͢. ,ʹޙ࠷ Ϋϥυʹஔ͞ΕͨUpESͱجہʹஔ͞Εͨ LoESͷؒ

ʹ࣮௨৴ԆΛՃ͑ͯ, ಋ͍ͨᮢΛ༻͍ͯޚ੍Λ͜͏ߦͱͰ, ԆͷӨڹΛड͚Δ͜ͱͳ͘

҆ఆͯ͠ԕ੍ִݱ࣮͕ޚͰ͖Δ͜ͱΛࣔ͢.

5 ষͰ, ,ΩϟϦΞͷଌఆ͔Βࠃ ʮMNO ͷ 3 ࣾύέοτϩεΛൃੜͤ͞ʹ͍҆͘ఆͨ͠

ωοτϫʔΫΛͭ࣋͜ͱʯ,ʮΩϟϦΞʹΑͬͯ௨৴ෛՙ͕ूத͢Δؒ࣌ଳͰ, େ͖͘Ԇ͕૿

Ճ͢Δ͜ͱʯΛࣔ͢.
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6ষͰܭଌͨ͠ԆΛ༻͍ͨγϛϡϨʔγϣϯධՁΛ͏ߦ. γϛϡϨʔγϣϯͷ݁ՌɼҎԼͷ

4ͭΛࣔ͢. ୈҰʹ੍ޚൺʹ͍ͭͯ, ฏۉతͳ௨৴ܦ࿏Ͱ,ʮUpES Λ࠷େͷऩ༰Λͭ࣋Ϋ

ϥυʹஔͯ͠ 90%Ҏ্ͷؒ࣌ଳͰ੍͕ޚՄͰ͋Δ͜ͱʯ, ʮLoES Λࣷہɾجہʹ

ஔ͢Δ͜ͱͰ੍ࣗޚͷ੍ޚൺΛ 0.6%ʹ·Ͱ੍Ͱ͖Δ͜ͱʯ͔Βൣғͷڠௐӡసγε

ςϜͷ࣮ݱՄੑΛࣔ͢. ୈೋʹ, Τοδαʔόͷஔʹ͍ͭͯʮUpES ͷஔΛௐ͢Δ͜ͱͰ

LoES-UpES ؒͷ੍ޚൺͱऩ༰ͷτϨʔυΦϑΛௐͰ͖Δ͜ͱʯ, ʮLoES ͷஔΛௐ

͢Δ͜ͱͰԕ੍ִޚͱ੍ࣗޚͷ੍ޚൺͱΤοδαʔόͷτϨʔυΦϑΛௐͰ͖Δ͜ͱʯ

Λࣔ͢. ୈࡾʹ, ੍ࣗޚͷඞཁੑʹ͍ͭͯʮUpES, LoES ͷஔΛௐͯ͠, ಥൃతͳόʔε

τύέοτϩε੍Ͱ͖ͳ͍ͨΊ, ੍͕ࣗޚඞਢͰ͋Δ͜ͱʯΛࣔ͢. ,ʹޙ࠷ UpES ͱ LoES

ͷ࠷దஔʹ͍ͭͯʮUpES ΛΫϥυʹ, LoES Λࣷہʹஔ͢Δ͜ͱͰ, Τοδαʔόஔͷ

ίετΛ੍ͭͭ͠, Ͱ͖Δ͜ݱେͷऩ༰ͱԆΛཱ྆͢ΔఏҊϓϥοτϑΥʔϜΛ࣮࠷

ͱʯΛࣔ͢.

Ҏ্ΑΓ, ൣғͷڠௐӡసγεςϜΛ࣮ݱՄͳϓϥοτϑΥʔϜΛఏҊ͠, ςετϕου

ʹΑΔධՁ͔Β, ఏҊϓϥοτϑΥʔϜ͕҆શʹಈ͢࡞Δ݅Λཱ֬͢Δ. ·ͨ, γϛϡϨʔγϣ

ϯʹΑΔධՁ͔Β, ఏҊϓϥοτϑΥʔϜΛ҆શʹಈ͢࡞Δ݅Λຬͨͭͭ͠, ଟ͘ͷؒ࣌ଳͰ࠷

େͷऩ༰Λͭ࣋Τοδαʔό͔Βԕ੍ִޚͰ͖Δ͜ͱΛࣔ͢͜ͱͰ, ൣғͷڠௐӡసγ

εςϜͷ࣮ݱՄੑΛࣔ͢.

1.9 ຊจͷߏ

ຊจશ 7 ষͰߏ͞ΕΔ. 2 ষͰ, ं྆ͷԕ੍ִޚʹؔ࿈͢Δڀݚͷௐࠪ݁ՌΛ·ͱΊ

Δ. 3ষͰ, ఏҊ͢ΔΠϯϑϥޚ੍྆ंܕϓϥοτϑΥʔϜ͍ͭͯड़Δ. 4ষͰ, ఏҊϓϥο

τϑΥʔϜΛධՁ͢ΔͨΊʹߏஙͨ͠ςετϕουڥʹ͍ͭͯड़Δ. 5ষͰ, ఏҊϓϥοτ

ϑΥʔϜධՁͷͨΊʹ࣮τϥϑΟοΫͷܭଌΛ͍ߦ, 6ষʹͯ, ͦͷܭଌσʔλΛ༻͍ͨγϛϡϨʔ

γϣϯධՁΛ͏ߦ. 7ষͰʹͯຊത࢜จͷ·ͱΊΛ͏ߦ.
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ୈ 2ষ

ؔ࿈ڀݚ

2.1 ͡Ίʹ

ຊจ, ଟʹΤοδαʔόΛஔ͢ΔωοτϫʔΫΞʔΩςΫνϟͱଟΤοδαʔόʹ

ΑΔԕ੍ִޚΛఏҊͨ͠࠷ॳͷจͰ͋Δ. ͦͷҰํͰ, Ϋϥυ͘͠Τοδαʔόͱࣗಈं

Λ࿈ͤ͞ܞΔڀݚߦʹطΘΕ͍ͯΔͨΊ, ຊষͰͦΕΒΛؔ࿈ڀݚͱͯ͠·ͱΊΔ.

ࣗಈंͱΫϥυͷ࿈ܞʹؔ͢ΔڀݚͰ, ϥΠυγΣΞަ௨༧ଌ, ं྆ͷԕִஅͳͲൺֱ

తϦΞϧλΠϜੑͷ͍͕ڀݚଟ͍. ·ͨ, গͳ͍ͳ͕ΒΫϥυܕԕ੍ִޚʹؔ͢Δڀݚ

,ΘΕ͓ͯΓߦ ͦΕΒͷڀݚͰ௨৴ԆͷӨ͔ڹΒΫϥυܕԕ੍ִޚࠔͰ͋Δ͜ͱ͕ࣔ

͞Ε͍ͯΔ.

ࣗಈंͱΤοδαʔόͷ࿈ܞʹؔ͢ΔڀݚͰ, MEC ͷہॴੑΛੜ͔ͨ͢Ίʹ, ૬ͷہج

ं͔Β࠷͍ۙωοτϫʔΫஔʹஔ͞ΕͨΤοδαʔόͱΫϥυ͕࿈͢ܞΔγεςϜΛߏ

ங͢Δ. զʑͷఏҊϓϥοτϑΥʔϜͱҟͳΓ, ΤοδαʔόͷஔݻఆͰ͋Γ, ༷ʑͳஔ

ͷূݕߦΘΕ͍ͯͳ͍. ·ͨ, ԆੑΛੜ͔ͨ͠ MEC ,Δ͕͢ࡏଘڀݚͷޚԕ੍ִܕ Ϋϥ

υ͔Βͷ੍ޚྀ͓ͯ͠ߟΒͣ, զʑͷඪͱ͢Δൣғͷڠௐӡస࣮ݱͰ͖ͳ͍ߏͱͳͬ

͍ͯΔ.

ຊষશ 6અͰߏ͞Ε͍ͯΔ. 2.2અͰࣗಈंͱΫϥυͷ࿈ܞʹؔ͢ΔڀݚΛ, 2.3અͰ

Ϋϥυࣗܕಈӡసʹؔ͢ΔڀݚΛհ͢Δ. ଓ͚ͯ, 2.4અͰࣗಈंͱΤοδαʔόͷ࿈ܞʹ

ؔ͢ΔڀݚΛ, 2.5અͰMECࣗܕಈӡసʹؔ͢ΔڀݚΛհ͢Δ. ,ʹޙ࠷ 2.6અͰ·ͱΊΔ.
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ද 2.1: VCCΞϓϦέʔγϣϯͱใͷण໋

ΞϓϦέʔγϣϯ ίϯςϯπ ใͷ

λΠϓ λΠϓ ण໋

ϥΠυγΣΞ [29, 30] ΤϯλςΠϝϯτ ϚϧνϝσΟΞใڞ༗ 10

ަ௨༧ଌ [31, 32] ӡసվળ
ौใ 30

φϏήʔγϣϯ 30

௨ަ࣌ࡂ [33] ΞΫςΟϒηʔϑςΟ
ࠂܯಓ࿏ݥة 10ඵ

ࠂܯҬ۠ࣄ ෮چ·Ͱ

ԕִஅ [34] αʔϏεڞެ ࠂܯ྆ंݥة 10

2.2 ࣗಈंͱΫϥυͷ࿈ܞʹؔ͢Δڀݚ

ࣗಈंͱΫϥυͷ࿈ܞʹΑͬͯ, ަ௨҆શΠϯϑΥςΠϯϝϯτΛ࣮͢ݱΔVehicular Cloud

Computing(VCC)[27, 28]ʹ͍༷ͭͯʑͳߦ͕ڀݚΘΕ͍ͯΔ.

Dimitrijevic [29], Amey [30]VCCΛ༻͍ͨϥΠυγΣΞ1ʹؔ͢ΔڀݚΛ͍ͯͬߦΔ. ं

྆ͷࡏݱҐஔͱత, าऀߦͷతΛΫϥυͰऩू͠, ं྆ͱาऀߦͷϚονϯάΛ͏ߦ.

ํʹϦΞϧλΠϜͳใΛఏ͢ڙΔ͜ͱͰޮతͳϥΠυγΣΞΛ࣮͢ݱΔ.

Ancona [31], Stanica [32] VCCΛ༻͍ͨަ௨༧ଌʹؔ͢ΔڀݚΛ͍ͯͬߦΔ. ं྆Ґ

ஔͱ͍ͬͨGPS͔ΒಘΒΕΔใΛपظతʹΫϥυʹରͯ͠Ξοϓϩʔυ͠, Ϋϥυ

ऩूͨ͠ใΛղੳ͠, ौใͷަ௨ใΛं྆ʹରͯ͠ఏ͢ڙΔ. ަ௨ใͷఏڙʹΫ

ϥυ͔ΒҠಈମ௨৴Λܦ༝ͯ͠௨৴Λ͏ߦ߹ͱ, V2XΛհͯؒ͠తʹΫϥυ͔Β

ใΛड͚औΔ߹ͷ 2ύλʔϯ͕ଘ͢ࡏΔ.

Zubaida [33]ΫϥυΛ༻͍ͨަ࣌ࡂ௨ͷཧʹؔ͢ΔڀݚΛ͍ͯͬߦΔ. V2XΛ༻͍

ͯ௨աͰ͖ͨಓͷใΛऩू, Ϋϥυ্ʹө͠, ֤ं྆ͷܦߦ࿏Λܾఆ͢Δ.

Lionel [34]ΫϥυΛ༻͍ͨं྆ͷԕִஅʹؔ͢ΔڀݚΛ͍ͯͬߦΔ. ֤ं྆Car Area

Network2 (CAN)্ͷ֤ஔͷஅϝοηʔδͰ͋ΔμΠΞάϝοηʔδΛΫϥυʹૹ৴͢Δ.

ΫϥυͰऩूͨ͠μΠΞάϝοηʔδΛ༻͍ͯҟৗݕΛ͍ߦ, ं྆ʹҟৗ͕ൃ͞ݟΕͨΒ,

ͦͷं྆ʹରͯ͠ࠂܯϝοηʔδΛૹ৴͢Δ.

ද .ΞϓϦέʔγϣϯͱͦΕͧΕͰऔΓѻ͏ใͷण໋Λ·ͱΊΔه্ʹ2.1 ֤ΞϓϦέʔγϣ

1WEB αʔϏεΛ௨ͯ͡, త͕ಉ͡ෳਓ͕ 1 ͷ༻ंʹಉ͢ΔγεςϜ
2ं྆ͷిࢠ෦ಉ࢜ͷ௨৴Ͱ༻͞ΕΔωοτϫʔΫ
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ϯͷλΠϓ, ίϯςϯπλΠϓ, ใͷण໋ʹؔͯ͠ [35]தͰఆٛ͞Ε͍ͯΔ. ใͷण໋ڐ

༰Ͱ͖ΔԆͷᮢͱ͑ߟΔ͜ͱͰ͖Δ. Lee [36]ʹΑΔͱV2X͕ରͱ͢Δڠௐӡస҆

શؔͷαʔϏεͷԆཁ݅શͯ 100ms ҎԼͰ͋Δ. ͦΕͱൺֱͯ͠ද 2.1 ΛݟΔͱ, VCC Ͱ

ରͱͳΔΞϓϦέʔγϣϯ, ͋ΔఔԆΛڐ༰͢Δ͜ͱ͕Ͱ͖ΔΞϓϦέʔγϣϯ͕ଟ͍

͜ͱ͕͔Δ.

2.3 Ϋϥυܕԕ੍ִޚʹؔ͢Δڀݚ

গͳ͍ͷͷΫϥυܕԕ੍ִޚγεςϜఏҊ͞Ε͍ͯΔ. ͜ΕΒͰ, Ϋϥυ͕η

ϯαใΛൣʹଘ͢ࡏΔं͔྆Βऩू͠, ηϯαใͷղੳΛ͍ߦ, ं྆ʹର੍ͯ͠ޚใͷఏ

.͏ߦΛڙ ,Ͱ͖ΔҰํͰޚ੍ʹ࣌ғͷं྆Λಉൣ ं྆-Ϋϥυؒͷ௨৴Ԇ͕େ͖ͳ՝ͱ

ͳΔ.

Suzuki  [17] Ϋϥυ্ͷσʔλཧߏػʹෳͷं྆ͷҐஔɾͷσʔλΛू͠,

Ϋϥυ্ͷΞϓϦέʔγϣϯ͕ͦͷσʔλཧߏػͷใΛ༻͍ͯं܈Λूத੍͢ޚΔʮΫϥ

υࣗܕಈӡసʯΛఏҊ͍ͯ͠Δ. Local Dynami Map3[37] (Ҏ߱, LDM)Λ༻͍ͨσʔλཧߏػ

Λߏங͠, γϛϡϨʔγϣϯʹΑͬͯ 1000نͷं྆ʹରͯ͠িಥ੍ޚΛ࣮͍ͯ͠ݱΔ. ͨͩ

͠, γϛϡϨʔγϣϯͷதͰ௨৴ԆΛྀ͍ͯ͠ߟͳ͍.

Kumar [38]Ϋϥυ্ʹߴਫ਼ͷਤσʔλΛऩू͠, Ϋϥυ͔Βं੍྆ޚΛࢧԉ͢Δ

γεςϜͷఏҊΛ͍ͯͬߦΔ. ͔͠͠, ͜ͷதͰωοτϫʔΫͷԆʹྀ͍ͭͯ͞ߟΕ͓ͯΒͣ,

࣮ंΛ༻͍ͨධՁϩʔΧϧωοτϫʔΫ্ͰߦΘΕ͍ͯΔ.

Lei  [18], Ruilin  [39]  LTE γεςϜΛ͏ߦΛ࡞Λհͯ͠υϥΠόʔ͕ं྆ͷԕִૢڥ

ఏҊ͍ͯ͠Δ. ͜ΕΒͷγεςϜͰ, ं྆ઃஔ͞ΕͨΧϝϥ͔Βө૾Λऔಘ͠Ϋϥυʹର͠

ͯૹ৴͠, Ϋϥυ͔Β੍ޚใΛड৴͢Δ. ΫϥυଆʹυϥΠόʔ͕ଘ͠ࡏ, υϥΠόʔ

ө૾Λݟͳ͕Β, ϋϯυϧΞΫηϧΛૢ͢࡞Δ͜ͱͰं྆ͷ੍ޚΛ࣮͢ݱΔ. ͜ΕΒͷڀݚͰ

, LTEͷ௨৴Ԇ͕ԕִૢ࡞γεςϜͷ࣮ݱΛ͛Δ͜ͱΛ͍ࣔͯ͠Δ. ͜ͷ͜ͱ, Ҡಈମ௨

৴ͷԆ͕େ͖͍࣌ʹ, Ϋϥυ͔Βͷԕ੍ִ͕ޚཱ͠ͳ͍͜ͱΛࣔ͢.

Ҏ্ΑΓ, Ϋϥυͱं྆ʹؔ͢Δڀݚ, ϦΞϧλΠϜੑͷ͍ΞϓϦέʔγϣϯʹযΛ

3ܗಓ࿏ͷΑ͏ͳ੩తใʹՃ͑ͯ, ं྆ͷࡏݱҐஔं, ौใͷΑ͏ͳಈతใͷཧ͏ߦਤ
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͍ͯͯΔ͜ͱ͕ଟ͘, Ϋϥυܕԕ੍ִޚҠಈମ௨৴ͷԆ͕େ͖͍࣌ʹཱ͠ͳ͍͜ͱ

Λ֬ೝͨ͠.

2.4 ࣗಈंͱΤοδαʔόͷ࿈ܞʹؔ͢Δڀݚ

ETSIͷϗϫΠτϖʔύʔ [14]ͷதͰ, MECͷॏཁͳԠ༻ྫࣄͱͯࣗ͠ಈंͷࣗಈӡస͕ࣔ͞Ε

͍ͯΔ͜ͱ͔Β, ंͱMECͷ࿈ܞ͞Ε͓ͯΓ, ͢Ͱʹ༷ʑͳߦ͕ڀݚΘΕ͍ͯΔ [40, 41].

Zhang [42], ΫϥυϕʔεͷV2XΞϓϦέʔγϣϯͷॲཧΛΤοδαʔόΦϑϩʔυ

͢ΔϑϨʔϜϫʔΫʹؔ͢ΔڀݚΛ͍ͯͬߦΔ. Ϋϥυ͔ΒΤοδαʔόͷॲཧͷΦϑϩʔ

υͷڀݚଟ͘ఏҊ͞Ε͍ͯΔ͕, ंͷ߹, ಉҰͷΤοδαʔόʹΞΫηεͰ͖Δ͕͍ؒ࣌ͨ

Ί, ҠಈͱΤοδαʔόͷϦιʔεΛྀͯ͠ߟ, ΫϥυͱΤοδαʔόͷؒͰॲཧͷׂΛ

.͏ߦ

Tang [43]ΤοδίϯϐϡʔςΟϯάϕʔεͷεϚʔτறंγεςϜͷఏҊΛ͍ͯͬߦΔ.

ΫϥυͱΤοδαʔό4ͷ 2ΞʔΩςΫνϟͰߏ͞Ε, ΤοδαʔόہॴใͷॲཧΛ୲

͠, ֤ҬͰं͔྆Βறंཁ͕ٻૹ৴͞Εͨࡍʹ, ं྆ʹରͯ͠றंͷׂΛ͏ߦ. Ϋϥυ

શମใͷཧΛ୲͠, Τοδαʔό͔ΒૹΒΕͯ͘Δใʹ͍ͯͮجறंશମͷར༻

Λཧ͢Δ. றं͕શͯར༻͞Ε͍ͯΔҬͰ, ं͔Βறंཁ͕ٻૹ৴͞Εͨ߹ʹ, Ϋϥ

υ͔Βं྆ʹରͯ͠࠷దͳறंͷܦ࿏ΛఏҊ͢Δ.

Shinkuma [44]ΤοδαʔόͱΫϥυΛ࿈ͯͤ͞ܞϦΞϧλΠϜͳौ༧ଌΛ͏ߦγε

ςϜΛఏҊ͍ͯ͠Δ. γεςϜͷجຊߏ, ं྆ͷηϯαใΛΫϥυͰऩू͠, Ϋϥυ

ղੳ݁ՌͰ͋Δަ௨ौͷ݁ՌΛฦ͢. ͔͠͠, ΤοδαʔόʵΫϥυؒͷ௨৴Ͱେ͖ͳԆ͕

ൃੜ͢Δ߹ʹ, Τοδαʔό্ͰσʔλղੳΛ͍ߦ, ं྆ͱΫϥυํʹղੳ݁ՌΛฦ͢γ

εςϜͱͳ͍ͬͯΔ.

Ҏ্ͷγεςϜͰ, ఆݻʹΓͷωοτϫʔΫஔد࠷ஔͷஔ͕Ϋϥυͱं͔྆Βࢉܭ

͞Ε͍ͯΔ. ͦΕʹରͯ͠զʑ͕ఏҊ͢ΔଟΤοδαʔόΞʔΩςΫνϟͰ, Ϋϥυͱج

.Δ͢౼ݕҎ֎ͷ༷ʑͳஔΛہ ·ͨ, ͜ΕΒͷڀݚं੍྆ޚʹযΛ͓ͯͯΒͣ, Τϯλʔ

ςΠϝϯταʔϏεࠂܯݥةͷΞϓϦέʔγϣϯʹݶΒΕ͍ͯΔ.

4จதͰ fog node ͱදه
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2.5 MECܕԕ੍ִޚʹؔ͢Δڀݚ

গͳ͍ͷͷ, MECܕԕ੍ִޚʹؔ͢Δڀݚଘ͢ࡏΔ.

Ito [19]جہʹஔ͞ΕͨΤοδαʔό͔Βं੍྆ޚΛ͏ߦख๏ΛఏҊ͠γϛϡϨʔγϣ

ϯʹΑΔධՁΛ͍ͯͬߦΔ. ͜ͷதͰہॴ੍ޚͷΈΛରͱ͓ͯ͠Γ, 1ͭͷΤοδαʔό͔Β

িಥճආΛ͏ߦγʔϯͷΈͷূݕΛ͍ͯͬߦΔ.

Nokia[20] 5GճઢΛར༻ͨ͠ԕ੍ִޚͷσϞΛͨͬߦ. ͷϋϯυΦʔόʹযΛؒہج

͓ͯͯΓ, .Δ͜ͱ͕ఆ͞Ε͍ͯΔ͢ޚஔ͞ΕͨΤοδαʔό͔Βं྆Λԕ੍ִʹہج

͜ΕΒͷMECܕԕ੍ִޚͰ, Ϋϥυܕԕ੍ִޚͱൺֱͯ͠ं྆ʹ͍ۙҐஔ͔ΒใॲཧΛ

,Ͱ͖ΔͨΊݱ࣮ Ԇͳं੍྆ޚΛ࣮ݱͰ͖Δ. ͔͠͠, Ϋϥυܕԕ੍ִޚͷΑ͏ʹൣғ͔

Βं྆ͷηϯαใΛऩू͢Δ͜ͱͰ͖ͳ͍. ·ͨ, ऩ༰ΤοδαʔόʹӨڹΛ༩͑Δ

ΤοδαʔόͷஔΛྀ͍ͯ͠ߟͳ͍. ൣғͷڠௐӡసγεςϜ࣮ݱͷͨΊʹ, Τοδαʔ

όΛՄͳݶΓൣғͷηϯαใΛऩूͰ͖ΔωοτϫʔΫஔʹஔ͠, ғͷं྆ঢ়ଶൣ

ΛѲͨ͠͏͑Ͱ, .͍͠·ͱ͕͜͏ߦΛޚ੍྆ं

2.6 ·ͱΊ

,γεςϜޚఏҊ͞Ε͍ͯΔԕ੍ִࡏݱ Ϋϥυܕԕ੍ִޚγεςϜ͘͠MECܕԕ੍ִ

,γεςϜͰ͋Γޚ ͦΕΒ͕࿈ͯ͠ܞԕ੍ִޚΛ͏ߦγεςϜଘ͍ͯ͠ࡏͳ͍. ൣғͷڠௐ

ӡసΛ࣮͢ݱΔͱ͖ʹ, Ϋϥυܕԕ੍ִޚͰ, ं྆ʵΫϥυؒͷ௨৴Ԇ͕େ͖ͳͱͳ

Δ. ҰํͰ, MECܕԕ੍ִޚͰ, ऩ༰͕େ͖ͳͱͳΔ.

զʑͷఏҊϓϥοτϑΥʔϜͰଟͷΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈंͷ੍ࣗޚΛ

Έ߹ΘͤΔ͜ͱͰ, ՄͳݶΓ্Ґʹଘ͢ࡏΔऩ༰ͷେ͖͍ஔ͔Β੍ޚΛ͍ߦ, ௨৴ڥʹ

Ԡͯ͡ԼҐͷஔʹΓ͑Δ͜ͱͰൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔ.

,ষͰ࣍ ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊͷΠϯϑϥޚ੍྆ंܕϓϥοτϑΥʔ

Ϝʹ͍ͭͯఏҊ͢Δ.
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ୈ 3ষ

Πϯϑϥޚ੍྆ंܕϓϥοτϑΥʔϜ

3.1 ͡Ίʹ

ຊষͰ, ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊʹ, ଟΤοδαʔόͱࣗಈं͕࿈͠ܞ

.ϓϥοτϑΥʔϜΛఏҊ͢Δޚ੍྆ंܕΔΠϯϑϥ͢ݱΛ࣮ޚ੍྆ंͯ

ఏҊϓϥοτϑΥʔϜଟʹΤοδαʔόΛஔ͢ΔʮωοτϫʔΫΞʔΩςΫνϟʯͱ, ͦ

ͷଟΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈंʹΑΔ੍ࣗޚΛ࿈ͨͤ͞ܞʮं੍྆ޚΞʔΩςΫ

νϟʯʹΑͬͯߏ͞ΕΔ. ଟʹஔ͞ΕΔΤοδαʔό, ं͔྆ΒΕͨҐஔʹଘ͢ࡏΔ

Τοδαʔό΄Ͳେ͖ͳऩ༰Λͪ࣋, ,ғͷηϯαใΛऩूՄͰ͋Δͷͷൣ ௨৴ڥ

͕ෆ҆ఆͰ͋Δ. ͦͷҰํͰ, ं͔྆Β͍ۙҐஔʹଘ͢ࡏΔΤοδαʔό΄Ͳ௨৴Ԇ͕খ͘͞,

௨৴ڥ҆ఆ͢Δͷͷ, ऩ༰͕খ͍͞. ຊจͷωοτϫʔΫΞʔΩςΫνϟ, ं͔྆

ΒΕͨҐஔʹଘ͢ࡏΔ Upper Edge Server (UpES) ͱं྆ͷۙྡʹଘ͢ࡏΔ Lower Edge Server

(LoES) ͷ 2 ͷΤοδαʔόʹΑͬͯߏ͞ΕΔ. ·ͨ, ं྆ं྆-LoES ؒͷ௨৴͕ڥෆ҆

ఆͳ߹, ੍ࣗޚΛ͏ߦ. ं྆ͷ੍ࣗޚ, ௨৴Λ͜͏ߦͱͳ͘, ं྆ʹऔΓ͚ΒΕͨηϯ

αใͷΈΛޚ੍ͯ͠༺Λ͏ߦ. ͜ͷ͜ͱ͔Β, ੍ࣗޚ௨৴Ԇ 0ඵ, ऩ༰̍ͷԕִ

,Δ͜ͱ͕Ͱ͖͑ߟͱޚ੍ ࣗಈंҰ൪ԼҐͷΤοδαʔόͱ͑ߟΔ͜ͱ͕Ͱ͖Δ. ͜ΕΒͷଟ

Τοδαʔόͱࣗಈं͕࿈྆ंͯ͠ܞͷ੍ޚΛ͏ߦϓϥοτϑΥʔϜΛఏҊ͢Δ.

·ͨ, 2ͷΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈंͷ੍ࣗޚΛ, ௨৴ͷঢ়گʹԠͯ͡Γ͑

Δख๏ఏҊ͢Δ. ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊʹ, ғͷηϯαใΛऩूൣ

͠, ͦΕΒʹޚ੍྆ं͍ͯͮجΛ͏ߦඞཁ͕͋ΔͨΊ, ՄͳݶΓ্ҐͷΤοδαʔό͔Β੍ޚΛ
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.ඞཁ͕͋Δ͏ߦ ,Ε͍͑ݴ ՄͳݶΓं྆ʢ࠷ԼҐͷΤοδαʔόʣͷ੍ࣗޚආ͚Δඞ

ཁ͕͋Δ. ఏҊ͢Δख๏Ͱ, ՄͳݶΓ্ҐͷΤοδαʔό͔Β੍ޚΛ͍ߦ, ௨৴͕ෆ҆ఆ

ͳঢ়گͰͷΈԼҐͷΤοδαʔόͷΛ࣮͢ߦΔ.

,ʹޙ࠷ ΤοδαʔόΛஔ͢ΔωοτϫʔΫτϙϩδʹ͍ͭͯݕ౼Λ͏ߦ. ຊจͰΤοδ

αʔόҠಈମ௨৴ͷωοτϫʔΫஔʹஔ͞ΕΔ͜ͱΛఆ͍ͯ͠Δ. ஔઌͷީิͱ

ͯ͠ʮجہʯ,ʮࣷہʯ,ʮήʔτΣΠʯ,ʮΫϥυ1ʯ͕͑ߟΒΕΔ. ֤ωοτϫʔΫஔ

ͰΤοδαʔό, ऩ༰͓Αͼ, ं͔྆Βͷ௨৴͕ؒ࣌ҟͳΔͨΊ, Τοδαʔόͱऩ༰

Λࠃͷ౷ܭใ͔ΒੵݟΓ, ं྆-ωοτϫʔΫஔؒͷ௨৴ؒ࣌ΛԆϞσϧ͔Βಋ͘.

ຊষͷओཁͳݙߩ, ҎԼͰ͋Δ.

• ΤοδαʔόΛଟʹஔ͢ΔωοτϫʔΫΞʔΩςΫνϟͷఏҊ

– ωοτϫʔΫஔͷஔมߋʹΑΔ, Τοδαʔό, ऩ༰͓Αͼ, ௨৴Ԇͷಋग़

• ఏҊωοτϫʔΫΞʔΩςΫνϟͰಈ͢࡞Δं੍྆ޚΞʔΩςΫνϟͷఏҊ͓Αͼ, ௐӡڠ

సγεςϜͷԠ༻

– ख๏ͷఏҊͷޚ੍྆ं

ຊষશ 7અͰߏ͞Ε͍ͯΔ. 3.2અʹͯఏҊϓϥοτϑΥʔϜͷΞʔΩςΫνϟʹ͍ͭͯઆ

໌͢Δ. 3.3 અͰఏҊϓϥοτϑΥʔϜͷಈ࡞ʹ͍ͭͯઆ໌͠, 3.4 અͰं੍྆ޚΞϧΰϦζ

ϜΛ, 3.5અͰं੍྆ޚͷख๏Λࣔ͢. ͦͷޙ, 3.6અʹͯఏҊϓϥοτϑΥʔϜΛஔ͢Δ

ωοτϫʔΫτϙϩδʹ͍ͭͯઆ໌͠, 3.7અʹͯ·ͱΊΔ.

3.2 ΞʔΩςΫνϟ

ਤ 3.1 ʹఏҊϓϥοτϑΥʔϜͷΞʔΩςΫνϟΛࣔ͢. ఏҊϓϥοτϑΥʔϜͷΞʔΩςΫ

νϟωοτϫʔΫΞʔΩςΫνϟͱं੍྆ޚΞʔΩςΫνϟʹΑͬͯߏ͞Ε, ωοτϫʔΫ

ΞʔΩςΫνϟ 2ͷΤοδαʔόͱं྆Ͱߏ͞ΕΔ. 2ͷΤοδαʔόUpESͱ LoES

Ͱ͋Γ, ʮं྆-LoESʯͱʮLoES-UpESʯ͕͍͔ͭ͘ͷωοτϫʔΫஔΛܦ༝ͯ͠ଓ͞Εͯ

͓Γ, ं྆-LoES ؒʹແઢ௨৴͕ଘ͢ࡏΔ. ຊจҠಈମ௨৴Λఆ͍ͯ͠ΔͨΊ, ແઢ௨৴

1ຊจͰ, Ҡಈମ௨৴ͷ্࠷ҐͷωοτϫʔΫஔͱͯ͠ΫϥυΛఆ͍ͯ͠Δ
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ਤ 3.1: ఏҊϓϥοτϑΥʔϜͷΞʔΩςΫνϟ

ʹ 5G Λఆ͍ͯ͠Δ. UpES ͱ LoES Ϋϥυ, ήʔτΣΠ, ,ࣷہ ͷ͍ͣΕ͔ʹہج

ஔ͞Ε, UpES LoESΑΓ্ҐͷωοτϫʔΫஔʹஔ͞ΕΔ.

ं྆ηϯασʔλΛଟΤοδαʔόʹରͯ͠ૹ৴͠, σʔλΛड৴͢Δ͜ͱͰԕ੍ִޚ੍

.͏ߦΛޚ ͦͷҰํͰ, ं྆ωοτϫʔΫͷঢ়ଶಉ͠ࢹʹ࣌, ௨৴োΛݕͨ͠Β੍ޚͷ

ସΛ͍ߦ, ੍ࣗޚҠ͢ߦΔ. LoESं྆ͱUpES͔Βૹ৴͞ΕΔηϯασʔλ/੍ޚσʔλ

Λసૹ͢ΔҰํͰ, ωοτϫʔΫͷঢ়ଶ͠ࢹ, ௨৴োΛݕͨ͠Β LoES͕ԕ੍ִޚΛ͍ߦ,

ं྆ʹର੍ͯ͠ޚσʔλΛૹ৴͢Δ. UpESं͔྆ΒηϯασʔλΛड৴͠, σʔλΛૹ৴ޚ੍

͢Δ.

ҎԼͰ, UpES, LoES, ं྆ʹΑΔ੍ࡉৄ͍ͯͭʹޚͳઆ໌Λ͏ߦ.

28



3.2.1 UpESʹΑΔԕ੍ִޚ

UpES LoESΑΓ্ҐͷωοτϫʔΫஔ͔Βԕ੍ִޚΛ͏ߦΤοδαʔόͰ͋Δ. Ϋϥυ

ήʔτΣΠͷΑ͏ͳωοτϫʔΫΛू͢Δஔ্ʹஔ͞ΕΔ͜ͱΛఆ͍ͯ͠ΔͨΊ,

UpESେ͖ͳऩ༰Λͪ࣋, .Ͱ͖ΔݱΛ࣮ޚғͷηϯασʔλΛੜ͔ͨ͠ԕ੍ִൣ ͦͷҰ

ํͰ, UpESͰ,ԕ੍ִ͕ޚཱ͠ͳ͘ͳΔΑ͏ͳେ͖ͳ௨৴Ԇόʔετύέοτϩε2͕ൃ

ੜ͢ΔՄੑ͕͋Δ. ͜ͷΑ͏ͳ, UpES͔Βͷԕ੍ִ͕ޚཱ͠ͳ͘ͳΔঢ়گͰ, LoESʹΑΔ

ԕ੍ִޚࣗಈंʹΑΔ੍ࣗޚʹҠ͢ߦΔ.

ຊఏҊϓϥοτϑΥʔϜͰ, UpESͷஔΛجہ, ,ࣷہ ήʔτΣΠ, Ϋϥυͷ͍ͣΕ͔

ͱ͓ͯ͑ߟΓ, ্ҐͷωοτϫʔΫஔʹஔ͢Δ΄Ͳ, ऩ༰ͱڞʹ௨৴Ԇ૿Ճ͢Δ.

3.2.2 LoESʹΑΔԕ੍ִޚ

LoES-UpESؒͷ௨৴͕ڥෆ҆ఆͰ͋Δ߹ʹ, UpESΑΓԼҐͷΤοδαʔόͰ͋Δ LoES

͔Βԕ੍ִޚΛ͏ߦ. UpESͱൺֱͯ͠, LoESऩ༰͕খ͘͞ͳΔͷͷ, ԆͰ҆ఆͨ͠

ԕ੍ִޚΛ࣮ݱͰ͖Δ.

LoES-UpESؒͷ௨৴͕҆ڥఆ͍ͯ͠Δ߹, LoESηϯασʔλ͓Αͼ, σʔλͷసૹޚ੍

Λ͏ߦ. σʔλͷసૹͱಉ࣌ʹ, LoES-UpESؒ௨৴ͷࢹ͍ߦ, ௨৴͕ڥෆ҆ఆʹͳͬͨ߹

ʹ, UpES͔Β LoESԕ੍ִޚͷΛ͍ߦ, LoES͕ԕ੍ִޚΛ࣮͢ߦΔ.

ຊจͷγεςϜͰ, LoESͷஔΛجہ, ,ࣷہ ήʔτΣΠͷ͍ͣΕ͔ͱ͓ͯ͑ߟΓ, Լ

Ґͷஔʹஔ͢Δ΄Ͳ, ௨৴Ԇͱڞʹऩ༰͕ݮগ͢Δ.

LoESͷඞཁੑʹ͍ͭͯ ຊఏҊΞʔΩςΫνϟͰ, ࣗಈं੍͕ࣗޚʹΑΔࣗಈӡసΛ࣮ߦͰ

͖Δ͜ͱΛԾఆ͍ͯ͠ΔͨΊ, ௨৴͕҆ఆ͍ͯ͠Δͱ͖UpES͔Β੍͠ޚ, ඇৗ࣌ͷΈ੍ࣗޚ

Λ͜͏ߦͱͰ, ൣғͷڠௐӡస͕࣮ݱͰ͖ΔՄੑ͕͋Δ.

͔͠͠, σουϩοΫΛ͗εϜʔζͳަ௨Λ࣮͢ݱΔͨΊʹ, ՄͳݶΓෳͷं྆

ใΛޚ੍ͯ͠༺Λ͏ߦඞཁ͕͋Δ. UpES ͱࣗಈंͷ 2 ʹΑΔं੍྆ޚΞʔΩςΫνϟͰ,

UpESΛं͔྆Βԕ͍Ґஔʹஔ͢Δͱ, ੍ࣗޚʹΑΔ੍ޚͷ͕ؒ࣌͘ͳΔ. ؒ࣌ͷ੍ࣗ

,ޚ σουϩοΫͷൃੜ֬Λ૿Ճͤ͞, .ௐӡసཱ͕͠ͳ͘ͳΔՄੑΛ૿Ճͤ͞Δڠ ͦΕ

2࿈ଓͨ͠ύέοτϩε
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ʹରͯ͠, LoESΛࣗಈं-UpESؒʹஔ͢Δ߹, ௨৴͕҆ఆ͍ͯ͠Δͱ͖ UpES͕ൣғͷ

ηϯαใΛ༻͍ͯԕ੍ִ͠ޚ, ௨৴͕ෆ҆ఆʹͳͬͯ LoES ʹҠͯ͠ߦԕ੍ִޚΛ࣋ଓ͢Δ

͜ͱͰ, ՄͳݶΓෳͷं྆ใΛޚ੍ͨ͠༺Λ࣮ݱͰ͖ΔͷͰ, σουϩοΫͷൃੜ֬

Λ࠷খݶʹ੍͢Δ͜ͱ͕Ͱ͖Δ.

ຊ݅ʹ͍ͭͯ, 6ষͰৄ͢ূݕʹࡉΔ.

3.2.3 ࣗಈंʹΑΔ੍ࣗޚ

ԕ੍ִޚແઢ௨৴ͷಥൃతͳःஅେ͖ͳ௨৴ԆʹΑͬͯ, ಥવཱ͠ͳ͘ͳΔՄੑ͕

͋Δ. ͦͷͨΊ, ใऩू͔Β੍ࢸʹޚΔ·Ͱͷؒʹ௨৴͕ଘ҆ͣͤࡏఆ੍ͨ͠ظ͕ޚͰ͖Δࣗ

੍ޚ, .ௐӡసγεςϜʹ͓͍ͯඞਢͷٕज़Ͱ͋Δڠ

ఏҊϓϥοτϑΥʔϜͰ, ं྆ࣗʹऔΓ͚ΒΕͨηϯαͰऩूͨ͠ηϯασʔλΛप

,తʹΤοδαʔόʹରͯ͠ૹ৴͠ظ Τοδαʔό͔Β੍ޚσʔλΛड৴͢Δ͜ͱͰԕ੍ִޚΛ

.Δ͢ߦ࣮ ͦͷҰํͰ, ৗʹ௨৴ঢ়ଶΛ͠ࢹ, ௨৴͕ෆ҆ఆʹͳͬͨΒ੍ޚͷΛ͍ߦ, ࣗंη

ϯαͰऩूͨ͠ใʹ͍ࣗͯͮج੍ޚΛ࣮͢ߦΔ.

੍ࣗޚ, ं͕྆ 1Ͱ͋Δ߹, ௨৴ো͕ଘ͠ࡏͳ͍ͨΊ҆ఆ੍ͨ͠ظ͕ޚͰ͖Δ. ͠

͔͠, ੍ࣗޚΛ྆ं͏ߦಉ࢜ͷڠௐӡసͰं྆ؒͷௐఀʹىҼ͢ΔσοτϩοΫ͕ൃੜ͢Δ

Մੑ͕͋Δ. ͦͷͨΊ, ΔͨΊʹෳं྆ͷηϯασʔλΛऩू͢Δԕ੍ִ͢ݱௐӡసΛ࣮ڠ

.ඞཁʹͳΔ͕ޚ

3.3 ఏҊϓϥοτϑΥʔϜͷಈ࡞

ਤ 3.2ʹఏҊϓϥοτϑΥʔϜͷಈ࡞ͷ༷ࢠΛࣔ͢. ԕ੍ִޚΛ͏ߦ߹, ं͔྆Β LoESʹର

ͯ͠ʮηϯασʔλʯ͕ૹ৴͞ΕΔͱ, UpES ͘͠ LoES ͕ͦΕΛॲཧ͠, ं྆ʹରͯ͠ʮ੍

.σʔλʯΛฦ৴͢Δޚ ͜͜Ͱ, ηϯασʔλʮं྆ IDʯͱʮҐஔʯ, ʮ͖ʯ͓Αͼ, ʮʯ

Ͱߏ͞ΕΔं྆ͷঢ়ଶΛද͢σʔλͰ, σʔλʮं྆ޚ੍ IDʯͱʮεςΞϦϯάྔʯ,ʮΞΫ

ηϧྔʯ͓Αͼ,ʮϒϨʔΩྔʯͰߏ͞ΕΔं੍྆ޚΛ͏ߦσʔλͰ͋Δ. ं੍྆ޚσʔλΛ

ड৴͢Δͱ, ͦΕʹ͍ͯͮج, ϋϯυϧɾΞΫηϧɾϒϨʔΩͷௐΛ͏ߦ. ं྆पظతʹηϯ

ασʔλΛૹ৴͠, .Δ͢ݱΛ࣮ޚσʔλΛड৴͢Δ͜ͱͰԕ੍ִޚ੍͕྆ं

ͦͷҰํͰ, ं྆ηϯασʔλͱ੍ޚσʔλͷૹड৴͔Β, ं྆-LoESؒԆ (lV 2L)ͱ࿈ଓύ

30



Network

���
������

���
������

LoES

UpES

�����

	��

�� !"#$

�� !%#"

UpES ��
LoES ��
	���

1. 
� !%#", '()*+, ',-..
2. ��	�����

1. 
�!"#$
2. LoES, UpES�����

������

	���
������

5G

Network

ਤ 3.2: ఏҊγεςϜ

έοτड৴ (nrecv)ͱ࿈ଓύέοτϩε (nloss)Λܭଌ͓ͯ͠Γ, ͦΕΒʹ͍ͯͮجԕ੍ִޚͱ

੍ࣗޚͷΛ͏ߦ. ·ͨ LoES LoES-UpESؒԆ (lL2U )ͱं྆-LoESؒԆ (lV 2L)ʹͮج

͍ͯ UpES/LoESؒͷ੍ޚͷΛ͍ͯͬߦΔ.

3.4 ͍ͯͭʹΞϧΰϦζϜޚ੍྆ं

ຊจͰ, ԕ੍ִ͓ޚΑͼ, ੍ࣗޚͷΞϧΰϦζϜʹ Proportional-Integral-Differential ޚ੍

(PID੍ޚ)ΞϧΰϦζϜΛ༻͍Δ [45].

PID ,ޚ੍ ೖྗͷ੍ޚΛग़ྗͱඪͱͷภࠩ, ͦͷภࠩͷੵ͓Αͼ, ͦͷภࠩͷඍ

ͷ 3ͭͷཁૉʹΑͬͯํ͏ߦ๏Ͱ, ग़ྗΛૉૣ҆͘ఆతʹඪʹ͚ۙͮΔ͜ͱ͕Ͱ͖Δ. ग़ྗ
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1. !"#$ < &'() 	∩ (-./01 ≥ 345.67)
2. !$#9 + !"#$ ≤ &<7=
3. !$#9 ≥ &=7= ∪ (-<?66 ≥ 345.67)
4. !$#9 + !"#$ ≥ &=7=
5. -<?66 ≥ 345.673
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ਤ 3.3: ঢ়ଶભҠਤ

Λ y(t), ඪΛ r(t), ภࠩΛ e(t)ͱ͢Δͱೖྗ u(t)ͷߋ৽ࣜ

e(t) = r(t)− y(t) (3.1)

u(t+ 1) = Kpe(t) +Ki

∫ t

0
e(τ)dτ +Kd

de(t)

dt
(3.2)

ͱͳΔ. ͜ͷͱ͖, Kp,Ki,Kd ͦΕͧΕൺྫ߲, ੵ߲, ඍ߲ͷॏΈͰ͋Δ.

ຊจͷ PID ,Ͱޚ੍ UpES/LoES ্Ͱಈ͠࡞, ं͔྆ΒηϯασʔλΛड৴͢Δͱ, Τοδ

αʔόͷं੍྆ػޚʹసૹ͢Δ. ,Ͱػޚ੍྆ं ʯΛ͖ͷं྆ͷʮεϐʔυʯͱʮࡏݱ

ग़ྗ,ʮΞΫηϧ/ϒϨʔΩʯͱʮ֯ʯΛೖྗͱͯ͠, ,͍ͯ༺৽ࣜΛߋه্ ,σʔλΛੜ͠ޚ੍

ं྆ૹ৴͢Δ.
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3.5 ख๏ͷޚ੍྆ं

ਤ 3.3ʹఏҊϓϥοτϑΥʔϜʹΑΔं੍྆ޚͷঢ়ଶભҠਤΛࣔ͢. 3ͭͷᮢͦΕͧΕ

Lhth ɹωοτϫʔΫ্Ґͷ੍ޚஔ͕ԼҐͷ੍ޚஔʹΓ͑Δ௨৴Ԇᮢ

Llth ɹωοτϫʔΫԼҐͷ੍ޚஔ্͕Ґͷ੍ޚஔʹΓ͑Δ௨৴Ԇᮢ

Nburst ԕ੍ִ͔ޚΒ੍ࣗޚʹΓ͑ΔͨΊͷόʔετύέοτϩεᮢ

Ͱ͋Δ.

,ॳ࠷ .Δ࢝͢Β։͔ޚ੍ࣗޚ੍ ࿈ଓύέοτड৴ (nrecv)͕ᮢNburstΑΓଟ͘, ύ

έοτϩεͳ͘࿈ଓͰड৴͠, ं྆-LoESؒԆ (lV 2L)͕ᮢ (Llth)ҎԼͳΒ, ҆ఆͯ͠ԕ

,Ͱ͖Δͱஅ͠ޚ੍ִ LoESʹΑΔԕ੍ִޚʹભҠ͢Δʢਤ 3.3ͷ 1).

LoES͕ԕ੍ִޚΛ͢Δ߹, LoES-UpESؒԆ (lL2U )ͱं྆-LoESؒԆ (lV 2L)ͷ߹͕ܭ

ᮢ (Llth)ҎԼͳΒ, ҆ఆͨ͠ԆΛͭ࣋ͱஅ͠, UpESʹ੍ޚΛભҠ͢Δʢਤ 3.3ͷ 2).

ͦͷҰํͰ, LoES੍ޚதʹ, ࿈ଓͨ͠ύέοτϩε (nloss)͕ᮢNburstΑΓଟ͘ൃੜ͢Δ,

͘͠, ं྆-LoES ؒԆ (lV 2L) ͕ᮢ Lhth Λ͑Δ߹, ҆ఆͨ͠ԕ੍ִޚ࣮ݱͰ͖

ͳ͍ͱஅ͠, ं྆ʹΑΔ੍ࣗޚʹભҠ͢Δʢਤ 3.3ͷ 3).

UpES͕ԕ੍ִ͢ޚΔ߹, LoES-UpESؒԆ (lL2U )ͱं྆-LoESؒԆ (lV 2L)ͷ߹͕ܭ

ᮢ (Lhth) Ҏ্ͳΒ, ෆ҆ఆͳԆΛͭ࣋ͱஅ͠ LoES .ΛભҠ͢Δޚ੍ʹ ʢਤ 3.3 ͷ 4). ·

ͨ, UpES੍ޚதʹ, ࿈ଓͨ͠ύέοτϩε (nloss)͕ᮢNburst ΑΓଟ͘ൃੜ͢Δ߹, ҆

ఆͨ͠ԕ੍ִޚ࣮ݱͰ͖ͳ͍ͱஅ͠, ं྆ʹΑΔ੍ࣗޚʹભҠ͢Δʢਤ 3.3ͷ 5).

ਤ3.3ͷঢ়ଶભҠΛ༻͍ͯ҆ఆͨ͠ं੍྆ޚΛ࣮͢ݱΔͨΊʹ, 3ͭͷᮢLhth, Llth, Nburst

Λదʹܾఆ͢Δඞཁ͕͋Δ. ͜ΕΒͷ 4ষͷϓϩτλΠϓΛ༻͍ͨධՁʹΑܾͬͯఆ͞Ε,

ͦΕͧΕ, Lhth = 100, Llth = 70, Nburst = 3Ͱ͋Δ.

,અͰ࣍ ఏҊ͢Δं੍྆ޚΞʔΩςΫνϟ͕ಈ͢࡞ΔωοτϫʔΫτϙϩδʹ͍ͭͯड़Δ.

3.6 ఏҊϓϥοτϑΥʔϜΛஔ͢ΔωοτϫʔΫτϙϩδ

ਤ 3.4ఏҊϓϥοτϑΥʔϜ͕ಈ͢࡞ΔωοτϫʔΫτϙϩδΛࣔ͢.
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ਤ 3.4: ఏҊϓϥοτϑΥʔϜ͕ಈ͢࡞ΔωοτϫʔΫτϙϩδ

ຊจͷωοτϫʔΫਤ 3.4தͷ 5ͭͷཁૉ, ʮं྆ʯ, ʮجہʯ, ʮࣷہʯ, ʮήʔτΣ

Πʯ, ʮΫϥυʯʹΑͬͯߏ͞Ε, ं྆Λআ͍ͨ 4 ͷωοτϫʔΫஔͷ͍ͣΕ͔ 2 ʹ

UpES/LoES ͕ஔ͞ΕΔ. UpES ͱ LoES ͷஔ͕ม͞ߋΕΔͱʮऩ༰ʯͱʮΤοδαʔό

 (ਤ 3.4 தͰ ES ͱදه)ʯ͓Αͼ, ʮ௨৴ԆʯʹมԽ͕ੜ͡, Τοδαʔό্͕Ґͷωο

τϫʔΫஔʹஔ͞ΕΔ΄Ͳ, ऩ༰͕૿Ճ͠, ඞཁʹͳΔΤοδαʔόͷ͕ݮগ͢ΔҰํ

Ͱ, Ԇͷେ͖͕͞૿Ճ͢Δ.

ं྆ 5Gͷແઢ௨৴Λ༻͍ͯجہͱଓ͞ΕΔ. ,ͱࣷہہج ήʔτΣΠͱࣷہ

ଓ͓ͯ͠Γ, .ήʔτΣΠؒͷωοτϫʔΫ͕ΩϟϦΞ͕ཧ͢ΔҠಈମ௨৴ͱͳΔ-ہج ͜

ͷҠಈମ௨৴͕ΠϯλʔωοτΛܦ༝ͯ͠Ϋϥυͱଓ͞ΕΔ. ɹ

Ҏ߱, ΤοδαʔόͷஔมߋʹӨڹΛ༩͑ΔʮΤοδαʔόʯ, ʮऩ༰ʯ͓Αͼ, ʮ௨

৴Ԇʯʹ͍ͭͯઆ໌͢Δ.
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3.6.1 Τοδαʔό/ऩ༰

ຊจͰ, ֤ωοτϫʔΫஔͷΤοδαʔό͓Αͼ, ऩ༰Λຊͷݟ͍ͯͮجʹڥ

ੵΓΛ͏ߦ. ද .Γ݁ՌΛࣔ͢ੵݟͷΤοδαʔόͱऩ༰ͷࠃʹ3.2

ද 3.1: Τοδαʔόͱऩ༰
ωοτϫʔΫஔ Τοδαʔό ऩ༰

Ϋϥυ 1 3,415,090

ήʔτΣΠ 55 62,093

ࣷہ 5,640 606

ہج 51,076 67

ͷہج 2016  9 ݄ͷ LTE ͷ eNodeB ͷʹ͖ͮج 51,076 ͱԾఆ͢Δ [46]. ʹͷࣷہ

ؔ͢ΔใຊࠃͰ։ࣔ͞Ε͍ͯΔ౷ܭใ͕ଘ͠ࡏͳ͔ͬͨͷͰ, ΞϝϦΧͷ AT&T͕ࣾ

ެ։͢Δࣷہใ [47]ΛAT&TͷถࠃγΣΞͱถͷਓޱൺʹ͍ͯͮجม͠, 5,640ͱ͢

Δ. ήʔτΣΠͷࠃͷMNOͱMVNOͷʹܾ͖ͮجఆ͢Δ. ຊࠃʹओཁͳMNO

͕ 3ͭ (NTTυίϞ (docomo)[48], Softbank[49], KDDI[50])ͱ 2015࣌Ͱ 30,000ਓҎ্ͷϢʔ

βΛͭ࣋ MVNO ͕ 25 ࣾଘ͢ࡏΔ [51]. MNO ͕ 10, MVNO ͕ 1 ͭήʔτΣΠΛͭ࣋ͱԾఆ

͢Δͱ, ຊࠃͷήʔτΣΠͷ 55ͱͳΔ. ͭ̍ʹࠃΫϥυ͏ߦΛޚௐ੍ڠʹޙ࠷

ͱԾఆ͢Δ.

ऩ༰֤ωοτϫʔΫஔͷΤοδαʔόͰं྆ͷΛׂͬͨͱͳΔ. ं྆ͷ

2016  8 ݄ͷొं྆ 81,311,679  [52] ͕̍̍ؒ࣌ (4.2%) ಈ͘ͱԾఆ͠, 81, 311, 679×

0.042 = 3, 415, 090ͱͳΔ. ,߹Τοδαʔό͕ஔ͞ΕΔʹہج ऩ༰ແઢ௨৴Ͱ

σʔλΛतडͰ͖Δं྆ͷͱͳΔ. ,߹Τοδαʔό͕ஔ͞ΕΔʹࣷہ ऩ༰ࣷہ

ʹऩ༰͞Ε͍ͯΔجہͱແઢ௨৴Λ྆ं͏ߦͷͱͳΔ. ήʔτΣΠʹΤοδαʔό͕

ஔ͞ΕΔ߹, ऩ༰ͦͷΩϟϦΞͷωοτϫʔΫʹଓ͞Εͨं྆ͷͱͳΔ. Ϋϥυ

ʹΤοδαʔό͕ஔ͞ΕΔ߹, ऩ༰ΠϯλʔωοτΛܦ༝ͯ͠Ϋϥυʹଓ͢Δ

ຊશମͷं྆ͷͱͳΔ.
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3.6.2 ௨৴Ԇ

ຊจͷ 5ষͰ, ༷ʑͳΩϟϦΞͷ௨৴ԆΛܭଌ͢Δ. ͔͠͠, զʑ͕ܭଌͰ͖ΔԆܞ

ଳ-ΫϥυؒͷԆ͚ͩͰ͋Γ, ܭήʔτΣΠؒͷΑ͏ͳԆΛ-ࣷہؒࣷہ-ଳܞ

ଌ͢Δ͜ͱͰ͖ͳ͍. ͦ͜Ͱ, ωοτϫʔΫͷԆϞσϧΛఆٛ͠, Δ͜͢ଌͨ͠ԆΛมܭ

ͱͰ֤ωοτϫʔΫஔͷ௨৴ԆΛಋ͘. ࠁ࣌ tͰͷ LoES-UpESؒԆϞσϧΛ lmL2U , ं

྆-LoESؒԆϞσϧΛ lmV 2L ͱ͢Δͱ,

lmL2U = (αup − αlo)(lwire(t))

= (αup − αlo)(lmea(t)− Lwl) (3.3)

lmV 2L = Lwl + αlo(lmea(t)− Lwl) (3.4)

͜ͷͱ͖ lwire(t)ࠁ࣌ tͰͷ༗ઢԆͰ, ଌԆܭ lmea(t)͔ΒແઢԆ Lwl ΛҾ͘͜ͱͰಋ͔

ΕΔ. αup,αlo  UpES, LoES ͷϩέʔγϣϯύϥϝʔλͰ, 1.0ʙ0.0 ͷΛͱΓ, αup >= αlo Ͱ

͋Δ. ֤ωοτϫʔΫஔ্Ͱͷ αup,αlo 5ষͷԆܭଌͷ݁Ռ͔Βܾఆ͞Ε, ද 3.2ʹࣔ͢. ຊ

ϞσϧͰແઢԆΛఆͰԾఆ͠, ϩέʔγϣϯύϥϝʔλΛ༻͍ͯ༗ઢԆͷେ͖͞Λௐ

͢Δ͜ͱʹΑͬͯࣗಈं-LoESؒ, LoES-UpESؒͷ௨৴ԆΛಋ͘.

3.3 અͷं྆-LoES ؒԆ lV 2L ͱ LoES-UpES ؒԆ lL2U ԆϞσϧ lmV 2L, lmL2U Λ༻͍

ͯද͞ݱΕ,

lV 2L(t) = EWMA(lmV 2L(t)) (3.5)

lL2U (t) = EWMA(lmL2U (t)) (3.6)

ͱͳΔ. EWMA(X)ࢦҠಈฏؔۉΛࣔ͢.

ද 3.2: ϩέʔγϣϯύϥϝʔλ
ωοτϫʔΫஔ ϩέʔγϣϯύϥϝʔλ (αlo,αup)

Ϋϥυ 1

ήʔτΣΠ 0.862

ࣷہ 0.431

ہج 0
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3.6.3 Ҡಈʹ͏ं྆ͷجؒہϋϯυΦʔόʹ͍ͭͯ

ं͕྆Ҡಈ͠ͳ͕Β௨৴Λܧଓ͢ΔͨΊʹ, ҠಈઌʹԠͯ͡ଓ͢ΔجہΛΓ͑Δʮϋ

ϯυΦʔόʯ͕ඞཁ͕͋Δ. ϋϯυΦʔόͰ, ͲΜͳʹͯ͘௨৴͕ःஅ͞ΕΔͨΊ, ௨৴͕

ෆ҆ఆʹͳΔՄੑ͕͍ߴ. ͦͷҰํͰ, զʑϋϯυΦʔόʹ͏௨৴ͷෆ҆ఆ, վળ͠ޙࠓ

͍͖ͯ, εϜʔζͳԕ੍ִޚΛ͛ΔཁҼͱͳΓ͑ͳ͍ͱ͍ͯ͑ߟΔ.

ୈҰͷཧ༝͕ަࠩͷجہͷඋͰ͋Δ. ௐӡసγεςϜʹ͓͍ͯҰ൪௨৴͕ॏཁʹͳڠ

Δͷ, ं྆ಉ࢜ͷي͕ॏͳΔަࠩͰ͋Δ. ຊʹ͓͍ͯަࠩͷ৴߸ػ 2023ΑΓ

̑Gجہͷஔॴͱͯ͠ར༻ՄʹͳΔ [53]. ,ࡏݱ ,ͷஔॴঢ়ଶͰ͋Γہج ৴

,ஔ͞ΕΔͨΊ͕ہجʹͷަࠩࠃஔॴͱͯ͠։์͞ΕΔ͜ͱͰશ͕ػ߸ ަࠩͰͷϋ

ϯυΦʔόΛ੍͢Δ͜ͱ͕Ͱ͖Δ.

ୈೋͷཧ༝ϋϯυΦʔόٕज़ͷ্Ͱ͋Δ. ؔ࿈ڀݚͰड़͕ͨ, NokiaʹΑͬͯϋϯυ

ΦʔόΛεϜʔζʹڀݚ͏ߦ ,ΘΕ͓ͯΓߦ͕[20] े͍ؒ࣌ͰϋϯυΦʔόΛ࣮ݱͰ͖ΔՄ

ੑ͍ߴ.

Ҏ্ΑΓ, ຊจͰ, ަࠩͰϋϯυΦʔό͕͜ىΔՄੑे͘, ͱͯ͠ϋϯ͖ͨى

υΦʔόٕज़ͷ্ʹΑͬͯ௨৴͕ෆ҆ఆʹͳΔ͜ͱΛ੍Ͱ͖ΔͨΊ, ͷϋϯυΦʔؒہج

όεϜʔζʹ࣮ݱͰ͖Δ௨৴ڥΛఆ͍ͯ͠Δ.

3.7 ·ͱΊ

ຊষͰ, ଟΤοδαʔόͱࣗಈं͕࿈ޚ੍྆ंͯ͠ܞΛ࣮͢ݱΔϓϥοτϑΥʔϜΛఏҊ

͠, ఏҊϓϥοτϑΥʔϜͷಈ͓࡞Αͼ, .ͨͬߦख๏ʹ͍ͭͯઆ໌Λͷޚ੍྆ं ·ͨ, ఏҊϓ

ϥοτϑΥʔϜ͕ಈ͢࡞ΔωοτϫʔΫτϙϩδʹ͍ͭͯઆ໌͠, ΤοδαʔόΛஔ͢Δωο

τϫʔΫஔʹ͍ͭͯઆ໌͠, ͦΕΒͷʮ௨৴Ԇʯ,ʮΤοδαʔόʯ,ʮऩ༰ʯΛಋ͍ͨ.

,ষͰ࣍ ఏҊϓϥοτϑΥʔϜΛධՁ͢ΔͨΊʹ, ςετϕουΛߏங͠, ஙͨ͠ςετϕοߏ

υΛ༻͍ͯఏҊϓϥοτϑΥʔϜʹΑΔं੍྆ޚͷ҆ఆੑΛධՁ͢Δ.
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ୈ 4ষ

ԕִं੍྆ޚςετϕουߏங͓Αͼ,ධՁ

4.1 ͡Ίʹ

3ষͰఏҊͨ͠ϓϥοτϑΥʔϜΛධՁ͢ΔͨΊʹ, ෳͷΤοδαʔό͔ΒϚΠΫϩΧʔͷԕ

.ங͢ΔߏͰ͖ΔςετϕουΛݱΛ࣮ޚ੍ִ ·ͨ, ஙͨ͠ςετϕουΛ༻͍ͯఏҊϓϥοτߏ

ϑΥʔϜ͕҆ఆͯ͠ं྆Λ੍ޚͰ͖Δ͔ධՁ͢Δ.

ங͢Δςετϕου࣮ंͷߏ 1/10εέʔϧͷϚΠΫϩΧʔΛ༻͍ͨධՁڥͰ, ଟΤοδ

αʔόʹΑΔं྆ͷԕ੍ִޚΛϓϩτλΠϓ࣮͠, ं྆ͷيߦ͔Βԕ੍ִޚͷਫ਼ΛධՁ

͢Δ͜ͱ͕Ͱ͖Δ.

ςετϕοτΛ༻͍ͨධՁ 2छྨ͏ߦ. ୈҰͷධՁ, ʮجຊಛੑධՁʯͰ͋Δ. Τοδαʔ

όͱϚΠΫϩΧʔͷؒʹجຊతͳωοτϫʔΫোΛՃ͑ͯ, Τοδαʔό͔Βं྆ͷޚ੍ߦ

Λ͍ߦ, يߦΛଌఆ͢Δ. ωοτϫʔΫোΛՃ͍͑ͯͳ͍߹ͱՃ͑ͨ߹ͱͷيߦͷ

ࠩͷେ͖͔͞Β, 3ষͰ੍ࣔͨ͠ޚΛΓ͑ΔͨΊͷ௨৴Ԇͱόʔετύέοτϩεʹؔ͢Δ

ᮢʢᮢʣLhth, Llth, Nburst Λܾఆ͢Δ. ୈೋͷධՁ, ʮ࣮௨৴ಛੑධՁʯͰ͋Δ. ຊج

ಛੑධՁͰಋ͍ͨᮢͱ࣮ܭଌͨ͠௨৴ԆσʔλΛ༻͍ͯ, ं྆يߦͷਫ਼ͷධՁΛ

,͍ߦ ௨৴ͷঢ়ଶʹԠͯ͡ೋͷΤοδαʔόؒͰं੍྆ޚΛΓ͑Δ͜ͱʹΑͬͯ, ਫ਼ޚ੍

ΛԼ͛Δ͜ͱͳ͘ԕ੍ִޚΛ࣮ݱͰ͖Δ͜ͱΛࣔ͢.

ຊষͳओཁͳݙߩҎԼͰ͋Δ.

• ΔͨΊͷ௨৴Ԇɾόʔετύέοτϩεʹؔ͢Δᮢͷ͢࡞ௐӡసγεςϜ͕҆ఆಈڠ

ಋग़
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• ςετϕοτΛ༻͍࣮ͨ௨৴ڥԽͰͷԕ੍ִޚͷ҆ఆಈ࡞ͷ֬ೝ

,ຊಛੑධՁͰج ΤοδαʔόͱϚΠΫϩΧʔͷؒʹʮఆৗԆʯ, ʮϥϯμϜύέοτϩ

εʯ, ʮόʔετύέοτϩεʯΛՃ͑ͯ, ԕ੍ִޚΛ͍ߦيߦΛଌఆ͢Δ͜ͱͰ, ԕ੍ִޚ

ͷجຊతͳ௨৴ෛՙʹର͢ΔಛੑΛධՁ͠, ఏҊϓϥοτϑΥʔϜ͕҆ఆͯ͠ಈ͢࡞Δ 3 ͭͷᮢ

Λ Lhth = 100, Llth = 70, Nburst = 3ͱܾఆ͢Δ. ·ͨ, ࣮௨৴ಛੑධՁͰ, ԆͷมԽ͕ܹ͠

ଳͷ࣮௨৴σʔλΛೋͷΤοδαʔό͍ؒ࣌ UpES ͱ LoES ͷؒʹՃ͑, ಋ͍ͨᮢʹ༻

͍ͯUpES/LoESΛΓ͑ͳ͕Βԕ੍ִޚΛ͜͏ߦͱͰ, ཧڥͱಉͷ҆ఆ੍ޚΛ࣮ݱͰ͖

Δ͜ͱΛࣔ͢.

ຊষશ 5અͰߏ͞Ε, 4.2અͰϚΠΫϩΧʔΛ༻͍ͨςετϕουڥʹ͍ͭͯઆ໌͢Δ.

4.3 અͰجຊతͳ௨৴ෛՙʹର͢Δԕ੍ִޚͷಛੑΛ, 4.4 અͰ࣮ԆΛՃ͑ͨ࣌ͷيߦ

ͷͣΕʹ͍ͭͯධՁΛ͏ߦ. 4.5અͰຊষΛ·ͱΊΔ.

4.2 ϚΠΫϩΧʔΛ༻͍ͨςετϕουڥ

ఏҊγεςϜʹର͢ΔςετϕουͷߏΛਤ 4.1 ʹࣔ͢. ςετϕουͷதͰ, ࣗಈंϚ

ΠΫϩΧʔΛ༻͍ͨධՁڥͰ͋ΔʮMicro-car prototype[26, 54](ҎԼ, MPT)ʯʹΑ࣮ͬͯ͞ݱ

ΕΔ. UpES, LoES ʹ౦ژେֶ͕։ൃ͢ΔϓϩάϥϚϒϧϊʔυͰ͋ΔʮFLARE[55]ʯΛ༻͍,

LoES-UpESؒωοτϫʔΫͷݱ࠶ʹWANΤϛϡϨʔλ [56]Λ༻͍Δ. ҎԼͦΕͧΕʹ͍ͭͯ

આ໌Λ͏ߦ.

4.2.1 Micro-car prototype

ਤ 4.2ʹMPTͷಈ࡞ͷ༷ࢠΛࣔ͢. MPT࣮ंͷ 1/10εέʔϧ (19cm ʷ 42cm)ͷϥδίϯΛ

վͨ͠ϚΠΫϩΧʔΛ֎෦͔Βෳಉ͢ޚ੍ʹ࣌Δ͜ͱ͕Ͱ͖Δԕ੍ִޚγεςϜͷϓϩτ

λΠϓͰ͋Δ.

ϚΠΫϩΧʔߦத, ं, ,͖ ҐஔͷηϯγϯάΛ͍ߦ, ηϯασʔλ1Λपظత2ʹ֎෦γ

εςϜʹରͯ͠ૹ৴͠, ֎෦γεςϜ͔Β੍ޚσʔλ3Λड৴͠, ͦΕʹޚ੍͍ͯͮجΛ͜͏ߦͱ

Ͱԕ੍ִޚΛ࣮͢ݱΔ.
1ं྆ ID, Ґஔ, ͓Αͼ, ͖
2ຊจͰ, ηϯασʔλͷૹ৴पظ 100ms Ͱ͋Δ
3ं྆ ID, ΞΫηϧྔ, ϒϨʔΩྔ͓Αͼ, εςΞϦϯάྔ
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ਤ 4.1: ςετϕουͷߏ

ਤ 4.3ʹϚΠΫϩΧʔͷߦίʔεΛࣔ͢. ߦίʔεͷαΠζ 8 m ʷ 4 mͰ, ߦίʔε

8ͷࣈ, ֎प͔ΒબͰ͖Δ.

ຊจͰ, ઢͰࣔ͢ 8ͷࣈίʔεΛҹͷํʹͯ͠ߦ, ं྆ͷԕ੍ִޚͷੑධՁΛߦ

͏. 8 ͷࣈίʔε, ं྆ؒͷΠϯλϥΫγϣϯ͕ൃੜ͢ΔަࠩΛؚΉ͜ͱʹՃ͑, ं྆ͷߦ

ੑධՁʹ͓͍ͯඞਢͰ͋Δʮਐ/ӈΧʔϒ/ࠨΧʔϒʯΛؚΉ. ͜ΕΒͷ͜ͱΛྀͯ͠ߟ 8ͷࣈ

ίʔεΛධՁίʔεͱ͢Δ.

ҐஔͷηϯγϯάʹԻΛ༻͍, Ґஔਫ਼ࠩޡ 2cmͰ͋Δ. MPTͱΤοδαʔόͷؒ

ͷ௨৴ʹ, 5Gͷସͱͯ͠Wi-FiΛ༻͍Δ. Wi-FiʹΑΔ௨৴Ԇ͓Αͼ, ύέοτϩεे

খ͍͞.

MPT͔ΒηϯασʔλΛड৴͠, ,σʔλΛϑΟʔυόοΫ͢Δͷ͕ޚ੍ UpES, LoESΛ࣮͢ݱ

Δ FLAREͰ͋Δ.
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ਤ 4.2: Micro-car prototype

4.2.2 FLARE

ςετϕουͷΤοδαʔόʹϓϩάϥϚϒϧϊʔυ FLARE[55] Λ༻͢Δ. FLARE 

౦ژେֶதඌ͕ࣨڀݚ։ൃ͢Δ Software Defined Networking (SDN)[57]/ Network Function Virtu-

alization (NFV)[58] Λ࣮ݱՄͳϓϩάϥϚϒϧϊʔυͰ͋Δ. ϝχʔίΞΞʔΩςΫνϟʹΑΔ

ύέοτॲཧͷεέʔϥϏϦςΟͱޙड़͢ΔιϑτΣΞϧʔλ Click Modular Router[59](Ҏ߱,

Click) Λ༻͍ͨॊೈͳύέοτॲཧΛཱ྆͢Δ͜ͱ͕Ͱ͖Δ.

ਤ 4.4ʹ FLAREͷΞʔΩςΫνϟΛࣔ͢. ཧεΠονͷ্ʹ SliceͱݺΕΔԾεΠονΛ

ෳߏங͢Δ͜ͱ͕Ͱ͖Δ. Slice FLAREΛ༻͢ΔϢʔβຖʹ༻ҙ͞Ε, Control Plane (Ҏ߱,

C-Plane) ͱData Plane (Ҏ߱, D-Plane) ʹΑͬͯߏ͞ΕΔ. D-Plane্ͰClick͕ಈ͠࡞, Ϣʔβ

Click ্ʹϓϩάϥϜΛ࣮͢Δ͜ͱʹΑͬͯ D-Plane Λࣗ༝ʹ֦ு͢Δ͜ͱ͕Ͱ͖Δ. D-Plane

ʹෳͷ CPUίΞΛׂΓͯΔ͜ͱ͕ՄͰ͋Γ, τϥϑΟοΫྔʹԠͯ͡εέʔϥϒϧʹੑ

ΛௐͰ͖Δ. C- Plane εϥΠεຖʹ͚̍ͭͩ CPU ίΞΛׂΓͯΒΕ, D- Plane ͷཧʹ

.ΕΔ͞༺
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ਤ 4.3: MPTͷίʔε

Click Modular Router[59]

Click[59], MITͰ։ൃ͞ΕͨUnix/Linux্Ͱಈ͢࡞ΔϞδϡʔϧࣜܗͷιϑτΣΞϧʔλ

Ͱ͋Δ. ϋʔυΣΞͷϧʔλ L2/L3 εΠονͰ, ύέοτΛετϦʔϜσʔλ4ͱͯ͠ॲཧ

͢Δ. ͦΕͱಉ༷ʹ, ClickͰ, ύέοτͷετϦʔϜσʔλॲཧΛ, ड़͢ΔΤϨϝϯτΛͭͳޙ

͗߹ΘͤΔ͜ͱʹΑͬͯ, ιϑτΣΞ্Ͱ࣮ݱͰ͖Δߏͱͳ͍ͬͯΔ. ਤ 4.5ʹ, ΤϨϝϯτΛ

ͭͳ͗߹ΘͤΔ͜ͱͰ࣮ͨ͠ݱMACͷ࣮ྫΛࣔ͢. ΤϨϝϯτͱ, Ethernet IPͷΑ͏ͳ

֤छϔομͷಡΈࠐΈ, ARP ͷॲཧ, IP ϧʔςΟϯάͷ୯ҰͷωοτϫʔΫػΛ࣮͢ݱΔϞ

δϡʔϧͰ͋Δ. ͜ͷΤϨϝϯτ͋Β͔͡Ί༻ҙ͞ΕͨͷҎ֎ʹ, C/C++Λ༻͍ͯ Clickͷ

ར༻ऀ͕ࣗ༝ʹ࡞͢Δ͜ͱ͕ՄͰ͋Δ. Click ͷར༻ऀطଘͷΤϨϝϯτͱΈ߹Θͤͯ,

ΦϦδφϧͷΤϨϝϯτΛ࣮/༻͢Δ͜ͱͰ, Ͱʹͳ͍ॊೈͳॲཧ͕ՄͳωοτϫʔΫ·ࠓ

ஔΛ༰қʹ࡞͢Δ͜ͱ͕Ͱ͖Δ.

ຊจͰ, ClickͷΦϦδφϧΤϨϝϯτͱͯ͠ं੍྆ػޚΛ࣮͠, FLAREͷD-PlaneͰ

ಈͤ͞࡞Δ͜ͱͰԕ੍ִޚΛ࣮͢ݱΔ.

4ແݶʹ౸དྷ͢Δࠁ࣌ॱͷσʔλ
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ਤ 4.4: FLAREΞʔΩςΫνϟ

FLARE্ʹ࣮͞ΕΔϚΠΫϩΧʔͷԕ੍ִޚΞϧΰϦζϜʹ͍ͭͯ

3.5અͰड़͕ͨ, ຊจͰ, ϚΠΫϩΧʔͷԕ੍ִޚΞϧΰϦζϜʹ Proportional-Integral-

Differential ޚ੍ (PID (ޚ੍ ΞϧΰϦζϜΛ༻͍Δ. UpES/LoES , ηϯασʔλΛ MPT ΑΓड

৴͢Δͱ, Clickͷं੍྆ޚΤϨϝϯτʹసૹ͠, ΤϨϝϯτͰޚ੍྆ं PID੍ޚΛ༻͍ͯ, ޚ੍

σʔλΛੜ͠, MPTૹ৴͢Δ.

4.2.3 WANΤϛϡϨʔλ

WANΤϛϡϨʔλ, ௨৴ڥΛٖ͢ΔͨΊʹ༻͢ΔιϑτΣΞ͘͠ϋʔυΣΞ

Ͱ͋Δ. ຊϓϩτλΠϓͰ, ιϑτΣΞΤϛϡϨʔλͰ͋Δ tc-netem[56] Λ LoES-UpES ؒʹ

ஔͯ͠, సૹ͞ΕΔτϥϑΟοΫʹ௨৴੍ޚΛՃ͑Δ. tc-netem ͰଳҬ੍ݶ, ύέοτͷఆ

ৗԆ, ύέοτϩεʹՃ͑ͯ, ,Ԇͨͬ࣋༳Β͗Λʹؒ࣌ ύέοτͷॏෳ͓Αͼ, ฒͼସ࣮͑
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ਤ 4.5: ClickͰͷMAC࣮ྫ

.Δ͜ͱ͕Ͱ͖Δ͢ݱ ຊจͷجຊಛੑධՁͰ, WANΤϛϡϨʔλʹΑͬͯʮ௨৴Ԇʯ,ʮϥ

ϯμϜύέοτϩεʯ,ʮόʔετύέοτϩεʯΛՃ͑Δ. ·ͨ, ࣮௨৴ಛੑධՁͰ, pythonͷ

εΫϦϓτΛ༻͍ͯܭଌͨ͠௨৴Ԇʹ߹ΘͤͯWANΤϛϡϨʔλͷ௨৴ԆΛઃఆ͢Δ͜ͱ

Ͱ࣮ଌͨ͠௨৴Ԇͷݱ࠶Λ͏ߦ.

,અͰ࣍ MPTΛ༻͍ͯ, .͏ߦͷਫ਼ʹ͍ͭͯධՁΛޚ੍ߦͷࡍຊతͳ௨৴ෛՙ͕ՃΘͬͨج

4.3 ຊಛੑධՁج

,ຊಛੑධՁͰج UpES૬ͷ FLARE͔ΒϚΠΫϩΧʔͷԕ੍ִޚΛࡍ͏ߦʹ, WANΤϛϡ

Ϩʔλ্ʹʮ௨৴Ԇʯ, ʮϥϯμϜύέοτϩεʯ, ʮόʔετύέοτϩεʯΛՃ͑ͯ, ͦΕ

Β͕ं྆ͷԕ੍ִޚͷਫ਼ʹ༩͑ΔӨڹʹ͍ͭͯධՁ͢Δ. ·ͨ, ޚຊಛੑධՁͷ݁Ռ͔Β੍ج

ᮢඞཁʹͳΔʹ Lhth, Llth, Nburst Λܾఆ͢Δ. ɹ

4.3.1 ධՁڥ

ਤ .Λࣔ͢ڥຊಛੑධՁجʹ4.6 ,ຊಛੑධՁͰج LoESΛ࣮͢ݱΔ FLAREͰηϯασʔ

λɾ੍ޚσʔλͷసૹͷΈΛ͍ߦ, UpES ͕ԕ੍ִޚΛ͏ߦ. ͜ͷͱ͖, WAN ΤϛϡϨʔλͰ

༷ʑͳ௨৴ෛՙΛՃ͑, ͦͷ༗ແ͕ϚΠΫϩΧʔͷيߦʹ༩͑ΔӨڹΛൺֱධՁ͢Δ.
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ਤ 4.6: ڥຊಛੑධՁج

4.3.2 ं྆يߦͷධՁํ๏ʹ͍ͭͯ

ଌఆͨ͠يߦඪ४ي͔ΒͷʮͣΕʯΛ༻͍ͯධՁ͢Δ.

ਤ 4.7 ʹͣΕͷํࢉܭ๏Λࣔ͢. ϚΠΫϩΧʔͷҐஔ͔Βඪ४يʹ͔ͯͬҾ͍ͨਨઢͷ

͞Λ, ͦͷ࣌ͰͷϚΠΫϩΧʔͷͣΕͱ͢Δ. ίʔε, ϚΠΫϩΧʔͱʹ 1/10εέʔϧͰ͋Δ

ͨΊ, ϚΠΫϩΧʔͰܭଌ͞ΕΔͣΕͷେ͖͞Λ 10ഒʹ͢Δͱ࣮ं૬ͷͣΕͷେ͖͞ʹͳΔ.

ඪ४ي, ԕ੍ִޚΛWANΤϛϡϨʔλ͔Βͷ௨৴ෛՙແ͠Ͱ͏ߦͱ͖ʹ, ߦίʔεͷத

৺͔ΒͷͣΕ͕࠷খ͍͞يͰ͋Δ. ߦίʔεͷத৺ͱଌఆͨ͠يߦΛൺֱ͢Δ߹,

PID੍ޚʹΑΔͣΕؚ·Εͨ݁ՌʹͳΓ, ௨৴ෛՙͷӨ͕ڹ͔Γʹ͘͘ͳͬͯ͠·͏. ରͯ͠,

ඪ४يͱଌఆͨ͠يߦΛൺֱ͢Δ߹, ௨৴ෛՙͷӨڹʹΑΔͣΕ͚ͩΛऔΓग़͢͜ͱ͕

Ͱ͖ΔͨΊ, ຊจͰଌఆͨ͠يߦͱඪ४يͷൺֱΛ͏ߦ. ྫͱͯ͠, ਤ 4.8 ʹධՁͰ

༻͢Δ 8ͷࣈίʔεͱͦͷඪ४يΛࣔ͢.

·ͨ, ຊจͰ, ଌఆͨ͠يͷͣΕͷେ͖͕͞ 0.09625m Λ͑ͨ߹ΛʮίʔεΞτʯ

ͱఆٛ͢Δ. ͜ͷࠃަ௨লͷަ௨ඪ४ [60]Λߟࢀʹಋ͍ͨͰ, ਤ 4.9ʹίʔεΞτͷಋ

͖ํΛࣔ͢. ຊͷඪ४తͳ༻ं ([60] ͷ small sized vehicle ʹ૬) ͷं෯, 1.7m Ͱ͋Δ. ·

ͨ, ຊʹ, ඪ४తͳಓ࿏ͱ࿏ଆଳ͕ 4छྨ (([60]ͷ Type1͔Β 4ʹ૬)ఆٛ͞Ε͓ͯΓ, ಓ࿏

෯, ࿏ଆଳ෯ͷ࠷େͱ࠷খͷதؒͷΛऔΔͱͦΕͧΕ 3.125m, 0.5m ͱͳΓ, ͜ΕΒΛ߹Θ
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標準軌跡

マイクロカーの位置情報のログ

標準軌跡と比較し
ずれの大きさで軌跡の精度を評価

ਤ 4.7: ʮͣΕʯͷํࢉܭ๏

ͤΔͱ 3.625mͱͳΔ. ͜ΕΒͷʹͮ͘ج߹, ӈͲͪΒ͔ࠨ 0.9625mͣΕΔͱίʔεΞτ

͢ΔͨΊ, MPT࣮ंͷ 1/10εέʔϧͳͷͰ 0.09625m ͷͣΕΛܭଌ͢ΔͱίʔεΞτͱ͢Δ.

4.3.3 ଌఆ݅

ද 4.1 ʹଌఆύϥϝʔλΛࣔ͢. 1 ͷϚΠΫϩΧʔ͕ 8 ͷࣈίʔεΛ 6 प͠, ॳͷ࠷ 1 पΛഁ

Γͷͨ͠غ 5पͷيߦΛ༻ͯ͠, ͣΕΛධՁ͢Δ. ϚΠΫϩΧʔͷฏۉ, 1[m/s] (࣮

ࢉं 10[m/s])Ͱ, 100msʹ 1ճ, ηϯασʔλΛૹ৴͢Δ. WANΤϛϡϨʔλʹ 3छྨͷ௨৴

ෛՙʮఆৗԆʯ, ʮϥϯμϜύέοτϩεʯ, ʮόʔετύέοτϩεʯ͕Ճ͑ΒΕΔ. ҎԼͰ

ͦΕΒʹ͍ͭͯઆ໌͢Δ.
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ਤ 4.8: ߦίʔεͱඪ४ي

ఆৗԆ

ఆৗԆͰ LoES͔Β UpESʹసૹ͞ΕΔηϯασʔλʹରͯ͠ۉҰͳେ͖͞ͷԆΛՃ͑

Δ. Ԇͷେ͖͞ 50ms-200ms·Ͱ 50msࠁΈͰมԽͤ͞, ं྆ͷيߦͷଌఆΛ͏ߦ.

ද 4.1: ଌఆύϥϝʔλ
ଌ݅ܭ 

ίʔε 8ͷࣈ

ߦձ 5[प]

ฏۉ 1[m/s]

ηϯασʔλͷૹ৴पظ 100[ms]

ఆৗԆ 50, 100, 150, 200 [ms]

ϥϯμϜύέοτϩε 10, 30, 50[%]

όʔετύέοτϩε 0, 100, ...600[ms]
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0.9625m

1.7m

0.9625m

3.125m0.5m

車幅

路側帯 道路幅

ਤ 4.9: ίʔεΞτ

ϥϯμϜύέοτϩε

ϥϯμϜύέοτϩεͰ, LoES͔ΒUpESʹసૹ͞ΕΔύέοτΛϥϯμϜʹυϩοϓ͢Δ.

ύέοτΛഁ͢غΔ֬Λ 10%, 30%, 50%ͱมԽͤ͞, ं྆ͷيߦͷଌఆΛ͏ߦ.

όʔετύέοτϩε

όʔετύέοτϩεͰ, 5ඵपظʹҰఆؒظWANΤϛϡϨʔλΛ௨ա͢ΔύέοτΛશͯ

υϩοϓ͢Δ. υϩοϓ͢Δؒظ 100msʙ600ms ·Ͱ 100ms ୯ҐͰมԽͤ͞, ं྆ͷيߦ

Λଌఆ͢Δ.

Ҏ߱, WANΤϛϡϨʔλΛ༻͍ͯ, ఆৗԆͱϥϯμϜύέοτϩε͓Αͼ, όʔετύέοτ

ϩεΛՃ͑ͨ߹ͷ UpESʹΑΔԕ੍ִޚͷଌఆ݁Ռʹ͍ͭͯධՁ͢Δ.
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ਤ 4.10: ఆৗԆͷมԽʹର͢ΔʮͣΕʯͷมԽ (CDF)

4.3.4 ଌఆ݁ՌɿUpES্Ͱͷं྆ͷޚ੍ߦ (ఆৗԆ)

ਤ 4.10 , WAN ΤϛϡϨʔλʹՃ͑ΔఆৗԆͷେ͖͞ͷมԽʹର͢ΔيߦͷͣΕͷม

ԽΛࣔ͢. ԣ͕࣠يߦͷͣΕͷେ͖͞ [m]Ͱ, ॎ࣠ CDFΛࣔ͢. ͷઢ 0.09625mΛࣔ

͠ઢΑΓӈଆ͕ίʔεΞτͨ͠ൺͱͳΔ. ,ઢͷʮBaseʯࠇ WANΤϛϡϨʔλ͔Βͷ௨

৴ෛՙ͕ͳ͍ঢ়ଶͰධՁͨ݁͠ՌΛࣔ͢.

ਤ 4.10 ΑΓఆৗԆ͕େ͖͘ͳΔͱ, ͣΕ͕େ͖͘ͳΔ͜ͱ͕֬ೝͰ͖Δ. ·ͨ, ఆৗԆ͕

100msҎԼͰ͋Ε, 95%Ҏ্ίʔεΞτ͢Δ͜ͱͳ҆͘ఆ੍ݱ࣮͕ޚͰ͖Δͷʹରͯ͠, ఆৗ

Ԇ͕ 150msΛ͑Δͱେ͖ͳيߦͷͣΕ͕ൃੜ͠, يߦͷ 35%͕ίʔεΞτͨ͠.

ਤ 4.11, 4.12ʹఆৗԆ͕ 100ms, 150ms࣌ͷيߦΛͦΕͧΕࣔ͢. ॎ࣠ͱԣ࣠, ೋݩ࣍ͷۭ

ඪʹͳ͓ͬͯΓ୯Ґ࠲ؒ [m] Ͱ͋Δ. .ͷઢίʔεͷத৺ઢͰ͋Δࠇ ਤ 4.11 ΑΓఆৗԆ
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ਤ 4.11: ΤοδαʔόͰͷޚ੍ߦ (ఆৗԆ 100ms)ʹΑΔي

͕ 100msͷ࣌, يߦ͕ৗʹίʔεʹऩ·͍ͬͯΔ͜ͱ͕֬ೝͰ͖Δ. ͦΕʹରͯ͠, ਤ 4.12

Ͱ, ઢͷԁͰࣔ͞Εͨͱ͜ΖͰେ͖͘ίʔε͔Β֎Ε͍ͯΔ. ͜ΕԆʹΑͬͯԕ੍ִޚͷ

,Ε͕ࣔࢦ Χʔϒ࣌ߦͷ੍͕ͨͬࣔࢦޚঢ়ଶͰઢʹೖΔͨΊͰ͋Δ. 150msΑΓఆৗԆ

͕େ͖͍߹ͷيߦΛϓϩοτ͢Δͱ, ͯ͢ಉ༷ʹΧʔϒޙͷਐͰେ͖ͳͣΕ͕֬ೝ

Ͱ͖ͨ.

Ҏ্ΑΓ, ఆৗԆ͕ 100ms ҎԼͳΒ҆ఆ੍ݱ࣮͕ޚͰ͖Δ͜ͱ, ఆৗԆ͕ 150ms Ҏ্ͩͱ

େ͖ͳͣΕ͕ൃੜ͠, يߦͷ 35%͕ίʔεΞτ͢Δ͜ͱΛ֬ೝͨ͠.

4.3.5 ଌఆ݁ՌɿUpES্Ͱͷं྆ͷޚ੍ߦ (ϥϯμϜύέοτϩε)

ਤ 4.13, ϥϯμϜύέοτϩεͷ֬ΛมԽͤͨ͞ࡍͷيߦͷͣΕͷมԽΛࣔ͢. ਤ 4.13

ΑΓύέοτϩεΛ্͍͛ͯ͘ͱيߦͷͣΕ͕େ͖͘ͳΔ͜ͱ͕֬ೝͰ͖Δ. ϥϯμϜύ

έοτϩε͕ 10%ҎԼͩͱ, 95%Ҏ্ίʔεΞτ͢Δ͜ͱͳ҆͘ఆ੍ͨ͠ݱ࣮͕ޚͰ͖͍ͯΔ

ͷͷ, 30%Λ͑ΔͱيߦͷͣΕͷ࠷େ͕ܹٸʹେ͖͘ͳ͍ͬͯΔ. ͜ΕϥϯμϜύέο

τϩεͷλΠϛϯά͕ॏͳͬͯ, όʔετύέοτϩεͱͳ͍ͬͯΔ͜ͱ͕ݪҼͰ͋Δ. 30%Ҏ্

ͷϥϯμϜύέοτϩεͰ, ࿈ଓͯ͠ύέοτ͕υϩοϓ͢Δ͕֬͘ߴͳΓ, ࿈ଓͰύέοτ

ϩε͕ൃੜͨ͠λΠϛϯάͰେ͖ͳيߦͷͣΕ͕ੜ͍ͯ͡Δ. ਤ 4.14ʹύέοτϩε 30%
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ਤ 4.12: ΤοδαʔόͰͷޚ੍ߦ (ఆৗԆ 150ms)ʹΑΔي

.Λࣔ͢يߦͷ࣌ ఆৗԆ࣌ͷيߦͱൺֱ͢Δͱ, ఆৗԆͷيߦͰΧʔϒͷޙ

ʹཚΕΔͱ͍ͬͨҰఆͷنଇੑ͕͕͋ͬͨ, ϥϯμϜύέοτϩεʹنଇੑ͕ଘͣͤࡏ, όʔε

τύέοτϩε͕ൃੜͨ͠λΠϛϯάͰ, ҆ఆͨ͠يߦ͕ಥવେ͖͘ཚΕΔ͜ͱ͕֬ೝͰ͖

Δ. ,Ε͍͑ݴ όʔετύέοτϩε͑͞ൃੜ͠ͳ͚Ε, 30%͕ύέοτϩε͢Δ௨৴ڥ

Ͱ҆ఆ੍ͨ͠ޚΛ࣮ݱͰ͖, 10%ҎԼͷϥϯμϜύέοτϩεͷΑ͏ͳόʔετύέοτϩε

͕ൃੜ͠ʹ͍͘ঢ়گͰ҆ఆ੍ͨ͠ޚΛ࣮ݱͰ͖Δ.

Ҏ্ΑΓ, ϥϯμϜύέοτϩε͕૿Ճ͢Δͱόʔετύέοτϩε͕ൃੜ͢Δ͕֬͘ߴ

ͳΓ੍͕ޚཚΕ͘͢ͳΔ. ͦͷҰํͰ, ϥϯμϜύέοτϩε͕ 10%ҎԼͰ͋Δόʔετύ

έοτϩε͕ൃੜ͠ʹ͍͘ঢ়گͰ҆ఆͨ͠ԕ੍ִޚΛ࣮ݱͰ͖Δ͜ͱ͕֬ೝͰ͖ͨ.

4.3.6 ଌఆ݁ՌɿUpES্Ͱͷं྆ͷޚ੍ߦ (όʔετύέοτϩε)

ਤ 4.15 ʹόʔετύέοτϩεΛՃ͑ͨࡍͷيߦͷͣΕͷมԽΛࣔ͢. ਤ 4.15 ΛݟΔͱ,

όʔετύέοτϩεͷ͕ؒ࣌ 400ms·Ͱ 95%Ҏ্ͷؒ࣌ଳͰ, ҆ఆ੍ݱ࣮͕ޚͰ͖͍ͯΔͷ

ʹରͯ͠, όʔετύέοτϩεͷ͕ؒ࣌ 500ms Ͱ 20%ίʔεΞτ͢Δ͜ͱ͕֬ೝͰ͖Δ. ͜

ͷ͜ͱ, ԕ੍ִޚͷηϯαͷૹ৴प͕ظ 100ms Ͱ͋Δ͜ͱΛྀ͢ߟΔͱ, όʔετύέοτϩ

ε͕ 4ͭΛ͑Δͱ҆ఆ੍͕ͨ͠ޚҡ࣋Ͱ͖ͳ͍͜ͱΛࣔ͢.
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ਤ 4.13: ϥϯμϜύέοτϩεͷมԽʹΑΔيߦͷͣΕͷมԽ

4.3.7 ධՁͷ·ͱΊ

ఆৗԆΛՃ͑ͨԕ੍ִޚͷධՁΑΓ, ఆৗԆ͕ 100msͳΒେ͖ͳيߦͷͣΕΛൃੜ͞

ͤΔ͜ͱͳ͘UpES͔Βं྆ͷԕ੍ִޚΛ࣮ݱͰ͖Δ͜ͱ͕͔ͬͨ. ·ͨ, ϥϯμϜύέοτϩ

ε, όʔετύέοτϩεͱ 2छྨͷύέοτϩεΛม͑ͨධՁΛ͕ͨͬߦ, ྆ධՁͱʹ੍͕ޚ

ෆ҆ఆʹͳΔݪҼόʔετύέοτϩεͰ͋ͬͨ. όʔετύέοτϩεͷධՁΑΓ, υϩοϓ

͕ؒظ 400msҎԼͳΒ҆ఆͨ͠ԕ੍ִݱ࣮͕ޚͰ͖Δ͜ͱ͕֬ೝͰ͖ͨ.

4.3.8 ҆ఆ੍ޚʹඞཁͳᮢʹ͍ͭͯ

ఆৗԆΛՃ͑ͨධՁ݁ՌΑΓ, ωοτϫʔΫ্Ґͷ੍ޚஔ͕ԼҐͷ੍ޚஔʹΓ͑Δ

௨৴Ԇᮢ Lhth Λ 100ms ͱ͢Δ. ·ͨ, όʔετύέοτϩεΛՃ͑ͨධՁ݁ՌΑΓ, ԕ੍ִ
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ਤ 4.14: ΤοδαʔόͰͷޚ੍ߦ (ϥϯμϜύέοτϩε 30%)ʹΑΔي

͕ظͷηϯαͷૹ৴पޚ 100msͰ͋Δ͜ͱΛྀ͢ߟΔͱ, NburstΛ 3ʹઃఆ͢Δ͜ͱͰ, ԕ੍ִޚ

͕େ͖͘ཚΕΔલʹ, ੍ࣗޚͱҠ͢ߦΔ͜ͱ͕Ͱ͖Δ.

ωοτϫʔΫԼҐͷ੍ޚஔ্͕Ґͷ੍ޚஔʹΓ͑Δ௨৴Ԇᮢ Llth , Lhth ΑΓখ

͍͞ͳΒ҆ఆͨ͠ԕ੍ִޚΛ࣮ݱͰ͖Δ. ͔͠͠, LhthͱLlth͕͋·Γ͍ۙͩͱ, ͷΓޚ੍

,Λසൃ͑͠ ݁Ռͱͯ͠ෆ҆ఆͳ੍ޚʹͳΔՄੑ͕͋Δ. ͦ͜Ͱ, Llth ͷΛ Lhth ΑΓ 30ms

খ͍͞ʮ70msʯͱ͢Δ͜ͱͰ, .Δͤͨ࣋ώεςϦγεΛʹ͑ஔͷΓޚ੍

Ҏ্ΑΓܾఆͨ͠ Lhth = 100, Llth = 70, Nburst = 3Λ༻͍ͯ, અͷ࣮௨৴ಛੑධՁͱ࣍ 6ষͷ

Πϯϑϥޚ੍྆ंܕγεςϜͷγϛϡϨʔγϣϯධՁΛ͏ߦ.
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ਤ 4.15: όʔετύέοτϩεͷมԽʹΑΔيߦͷͣΕͷมԽ

54



!" !"#$
$%&

'() *%+,-# #$$%&'()*'+)'*

,-. /01 ./01

ਤ 4.16: ڥଌܭ

4.4 ࣮௨৴ಛੑධՁ

લઅʹͯಋ͍ͨᮢΛ༻͍࣮ͯ௨৴Ԇʹର͢Δԕ੍ִޚͷಛੑΛධՁ͢Δ.

UpESΛΫϥυʹ, LoESΛجہʹஔ͠,ʮUpES੍ޚʯ,ʮLoES੍ޚʯ,ʮUpES/LoES

.͏ߦʯͰൺֱΛޚ੍ ͜ͷͱ͖, UpES ͱ LoES ͷؒʹଘ͢ࡏΔ WAN ΤϛϡϨʔλͰ࣮௨৴

ԆΛݱ࠶Λ͏ߦ. ,௨৴Ԇ͏ߦΛݱ࠶ ଳ-ΫϥυαʔϏεؒͷ௨৴ԆΛҰଌఆܞ

͠, ͦͷதͰԆͷมԽ͕ܹ͍ؒ࣌͠ଳͷԆͱ͢Δ.

,ʹॳ࠷ ௨৴Ԇͷܭଌํ๏ʹ͍ͭͯઆ໌͠, ͦͷܭޙଌͨ͠ԆΛ༻͍ͨධՁʹ͍ͭͯड़Δ.

4.4.1 ࣮௨৴Ԇܭଌํ๏

ຊઅͰ, ΠϯλʔωοτͷදతͳԆΛଌఆ͢ΔͨΊʹ, Google Public DNS[61] ʹରͯ͠

100msपظͰ ping (5.3અࢀর) Λ༻͍ͨԆܭଌΛ͍ߦ, Ԇͷେ͖͞ͷมԽΛܭଌ͢Δ. Google

දతͳΫϥυαʔϏεऀۀࣄͰ͋ΓຊͰେنͳαʔϏεల։Λ͍ͯͬߦΔͨΊ, Google

ͷαʔϏεʹରͯ͠ԆܭଌΛ͜͏ߦͱͰ, ൣғͷڠௐӡసγεςϜͷӡ༻Λఆͨ͠௨৴

.ଌ͕ՄʹͳΔܭ Google Public DNSGoogle͕ཧ͢ΔOpenDNSͰ, ຊࠃʹαʔό͕ଘ

,͠ࡏ pingʹରͯ͠ԠΛฦͨ͢Ί, ຊઅͰ Google Public DNSʹରͯ͠ԆܭଌΛ͏ߦ.

ԆܭଌڥΛਤ 4.16ʹ, ଌύϥϝʔλΛදܭ 4.2ʹࣔ͢. PCͱϞόΠϧϧʔλUSBͰଓ

͞Ε͍ͯΔ. ϞόΠϧϧʔλʹָఱϞόΠϧ [62]ͷ SIM͕͞ࡌΕ͓ͯΓ, ϞόΠϧϧʔλΛ

հͯ͠ΠϯλʔωοτʹΞΫηε͢Δ͜ͱ͕Ͱ͖Δ. PC͔Β Google Public DNS (8.8.8.8) ʹର͠

ͯ pingΛ 100msपظͰૹ৴͠, ϥϯυτϦοϓλΠϜΛԆͱͯ͠ܭଌ͢Δ. ؒظଌܭ 2016

 11݄ 1ͷ 0:00ʙ24:00Ͱ͋Δ.

ਤ 4.17 ʹԆܭଌͷ݁ՌΛࣔ͢. ԣ͕࣠ܦաؒ࣌Λ, ॎ͕࣠Ԇͷେ͖͞ (ms) Λࣔ͢. ฏۉ

Ԇ 86.7msͰ͋Γ, ύέοτϩε 0.3%Ͱ͋Δ. ਤ 4.17ΛݟΔͱ, 30-40msͷ෯ͰԆ͕͔ࡉ
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ද 4.2: ଌύϥϝʔλܭ
ύϥϝʔλ໊ 

ૹ৴ઌ Google Public DNS (8.8.8.8)

ճઢ༺ ָఱϞόΠϧ

ૹ৴पظ 100ms

ؒظଌܭ 2016/11/1 0:00 - 24:00

͘มಈ͢Δ͜ͱ͕֬ೝͰ͖Δ. ·ͨ, ,Ԇมಈ͓ͯ͠ΓۉଳʹΑͬͯେ͖͘ฏؒ࣌ னͷ 12:00

͔Β Ԇ͕େ͖͘૿ՃۉଳͰฏؒ࣌Δ͢༺༦ํͳͲଟ͘ͷਓ͕ΠϯλʔωοτΛࠒ13:30

͢Δ. Ճ͑ͯ, ಥൃతʹ 200msҎ্ͷେ͖ͳԆ͕ൃੜ͍ͯ͠Δ. ͨͩ͠, Ԇ͕ 200msҎ্ͷύ

έοτͱύέοτϩεΛ߹Θͤͯશମͷ 0.4%Ͱ͋ΔͨΊ, ϥϯμϜͳύέοτϩεͰ͋Εԕ

.༩͑ͳ͍ڹେ͖ͳӨʹޚ੍ִ

4.4.2 ධՁํ๏

WAN ΤϛϡϨʔλ্Ͱ, ,͠ݱ࠶ଌԆΛܭ ԕ੍ִޚͷਫ਼ʹ͍ͭͯੑධՁΛ͏ߦ. 3 ͭͷ

,ʯޚख๏ʮUpES੍ޚ੍ ʮLoES੍ޚʯ, ʮUpES/LoESޚ੍ʯͰϚΠΫϩΧʔͷޚ੍ߦΛ

,͍ߦ يߦͷͣΕΛൺֱ͢Δ. ਤ 4.18 ʹධՁڥΛࣔ͢. ʮUpES ʯਤޚ੍ 4.18 ͷ্Ґͷ

FLARE͔Β,ʮLoES੍ޚʯԼҐͷ FLARE͔Βԕ੍ִޚΛ͍ߦ,ʮUpES/LoESޚ੍ʯ྆

FLARE Λ௨৴ঢ়گʹԠͯ͡Γͯ͑ԕ੍ִޚΛ͏ߦ. ຊධՁͰ, UpES ͕Ϋϥυʹ, LoES

.Λఆ͍ͯ͠Δڥஔ͞ΕͨωοτϫʔΫʹہج͕

ද 4.3 ʹଌఆύϥϝʔλΛࣔ͢. ϚΠΫϩΧʔ 8 ͷࣈίʔεΛܭଌԆΛՃ͑ͨঢ়ଶͰ 6 

ؒ͢ߦΔ. ධՁʹܭଌͨ͠ ,ͷԆͷதͰؒ࣌24 ௨৴ԆͷมԽͷେ͖͕͘සൟʹ͜ى

Δؒ࣌ଳ (13:29-13:35) ͷ௨৴ԆΛ༻͢Δ (ਤ 4.17). ं྆ͷߦ 1m/sʢ࣮ं࣌ࢉ

36kmʣͰ, ϚΠΫϩΧʔ͔Βͷηϯασʔλͷૹ৴पظ 100ms Ͱ͋Δ. ᮢ Lhth, Llth 

4.3અΑΓ 100ms, 70msͱ͢Δ.

4.4.3 ධՁ݁Ռ

ਤ .ͷͣΕͷେ͖͞Λࣔ͢يख๏ʹΑΔޚ੍֤ʹ4.19 ԣ͕࣠ͣΕͷେ͖͞Λ, ॎ͕࣠ CDFΛ

ࣔ͠, ,ࠇ ੨, ઢ͕ͦΕͧΕʮLoES੍ޚʯ, ʮUpES੍ޚʯ, ʮUpES/LoESޚ੍ʯΛࣔ͢.
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ਤ 4.17: ଌ݁Ռܭ

LoESجہʹஔ͞Ε, ,ΔͨΊ͍ͯͬߦΛޚͳ੍͘ڹଌԆͷӨܭ ίʔεΞτ͢Δ͜ͱ

ͳ҆͘ఆͨ͠ԕ੍ִޚΛ࣮͍ͯ͠ݱΔ. ͦΕʹରͯ͠, UpES ,Ͱޚ੍  40%͕ίʔεΞτ͠

͍ͯΔ. ͜ͷ͜ͱ, ΠϯλʔωοτͷԆͷӨڹʹΑΓ, UpES ͚ͩͰԕ੍ִ͕ޚཱ͠ͳ͍

͜ͱΛ͍ࣔͯ͠Δ. ҰํͰ, UpES/LoESޚ੍Ͱ, 46%ͷ੍ޚΛUpESʹ͍ͤͯΔ (ਤ 4.21)

ͷʹ߆Βͣ, LoESΑΔ੍ޚͱ΄΅ಉͷ੍ੑޚΛͭ࣋.

ਤ 4.20 ϚΠΫϩΧʔͷيߦͷྫΛࣔ͠, ॎ, ԣ֤࣠ଌఆͷϚΠΫϩΧʔͷҐஔΛࣔ͢.

,ࠇ ੨, ઢ͕ͦΕͧΕʮLoES੍ޚʯ,ʮ UpES੍ޚʯ,ʮUpES/LoESޚ੍ʯΛࣔ͢. ਤ 4.20͔

ΒUpES੍ͩޚͱେ͖͘ίʔε͔Β֎Ε, ,͕҆ఆ͠ͳ͍ͷʹର͠ي LoES੍ޚͱUpES/LoES

ޚ੍ಉͷԕ੍ִݱ࣮͕ޚͰ͖͍ͯΔ͜ͱ͕֬ೝͰ͖Δ.

ਤ 4.21ʹʮUpES/LoESޚ੍ʯ࣮࣌ߦͷ, UpES/LoESؒͷ੍ޚൺΛࣔ͢. ԣ࣠ܦաؒ࣌

(2016/11/1 13:29–13:35)Λॎ࣠Ԇͷେ͖͞Λࣔ͠, .ଌԆͰ͋Δܭ͕͍ࠇ ͱ੨ͷઢ͕ܭ

ଌԆͷ EWMAΛࣔ͠, ੨ઢͷؒ࣌ଳͰ UpES੍ޚΛ, ઢͷؒ࣌ଳͰ LoES੍ޚΛ͏ߦ. UpES
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ਤ 4.18: ࣮௨৴ಛੑධՁڥ

ද 4.3: ଌఆύϥϝʔλ
ଌఆ݅ 

ίʔε 8ͷࣈ

ؒ࣌ߦ 6ؒ

ฏۉ 1[m/s]

ηϯασʔλͷૹ৴पظ 100[ms]

Lhth 100[ms]

Llth 70 [ms]

ͱ LoESͷ੍ޚͷൺ 46%:54%Ͱ͋Δ. ਤ 4.21ΑΓ, Ԇͷมಈ͕ܹ͍ؒ࣌͠ଳͰ, ͦͷมԽ

ʹରԠͯ͠ UpES-LoESؒͰԕ੍ִޚΛΓ͑ΒΕ͍ͯΔ͜ͱ͕֬ೝͰ͖Δ.

Ҏ্ΑΓ, UpES, LoES ΛΓ͑ͳ͕Βԕ੍ִޚΛ͜͏ߦͱͰ, LoES ͱಉͷ҆ఆ੍ޚΛ࣮

.Ͱ͖Δ͜ͱΛࣔͨ͠ݱ

4.5 ·ͱΊ

ຊষͰ, ఏҊϓϥοτϑΥʔϜΛධՁ͢ΔͨΊʹ, ςετϕουڥΛߏங͠, ԕ੍ִޚͷ

ཱੑʹ͍ͭͯධՁΛͨͬߦ.

ςετϕου࣮ंͷ 1/10εέʔϧͷϚΠΫϩΧʔͰߏங͞ΕΔMPTͱ, UpES͓Αͼ, LoES
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ਤ 4.19: CDF (ͣΕ)

Λ࣮͢ݱΔ FLARE, UpES ͱ LoES ͷؒͰ࣮௨৴ԆΛ͢ݱ࠶Δ WAN ΤϛϡϨʔλͰߏ͞Ε

͍ͯΔ.

ςετϕουΛ༻͍ͯجຊಛੑධՁͱ࣮௨৴ಛੑධՁͷ 2 छྨΛͨͬߦ. ,ຊಛੑධՁͰج

WANΤϛϡϨʔλ্ͰʮఆৗԆʯ,ʮϥϯμϜύέοτϩεʯ,ʮόʔετύέοτϩεʯΛՃ

͑, ԕ੍ִޚͷجຊతͳ௨৴ෛՙʹର͢ΔಛੑΛධՁ͠, ఏҊϓϥοτϑΥʔϜ͕҆ఆ੍ͯ͠ޚΛ

Γ͑ΔͨΊͷ௨৴ʹؔ͢Δ 3ͭͷᮢΛ Lhth = 100, Llth = 70, Nburst = 3ͱܾఆͨ͠. ࣮௨

৴ಛੑධՁͰ, ಋ͍ͨᮢʹ͍ͯͮجUpES/LoESΛ͑ͳ͕Βԕ੍ִޚΛ͜͏ߦͱͰ, LoES

ͱಉͷ҆ఆ੍ޚΛ࣮ݱͰ͖Δ͜ͱΛࣔͨ͠.

Ҏ্ΑΓ, ҆ఆͯ͠ԕ੍ִޚɾ੍ࣗޚΛՄͳᮢΛܾఆ͠, ͦͷᮢΛ༻͍Ε҆ఆ͠

ͨԕ੍ִݱ࣮͕ޚͰ͖Δ͜ͱΛ֬ೝͨ͠.
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ਤ 4.20: ྫ. ي྆ं

ҰํͰ, ຊষͷ࣮ݧఏҊϓϥοτϑΥʔϜͰ҆ఆ੍ݱ࣮͕ޚͰ͖Δ͜ͱΛ֬ೝ͢Δ͕ࣄత

Ͱ͋ΔͨΊ, Ԇͷมಈ͕ܹ͍ؒ࣌͠ଳͰͷؒ࣌ͷධՁ͔͠ߦΘͳ͔ͬͨ. ൣғͷڠௐӡస

Λ࣮͢ݱΔͨΊʹ, 1ͭͷΩϟϦΞ͚ͩͰͳ͘ෳͷΩϟϦΞͷ௨৴ԆΛଌఆ͠, ؒ࣌ͷं

.ͷൺΛΔඞཁ͕͋Δޚ੍྆ ͠, ਤ 4.21Ͱࣔ͢Α͏ʹ, શؒ࣌ଳͷ 54%ͷؒ࣌ଳͰ LoES੍

,߹ඞཁͱͳΔ͕ޚ੍ࣗޚ ൣғͷڠௐӡసͷ࣮ݱࠔͰ͋Δ.

ෳͷΩϟϦΞͷ௨৴ڥͷଌఆΛ 5ষͰ, ͦΕΒΛ༻͍ͨؒ࣌ͷं੍྆ޚͷγϛϡϨʔγϣ

ϯධՁΛ 6ষͰ͏ߦ.
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ୈ 5ষ

ຊࠃͷ௨৴Ԇܭଌ

5.1 ͡Ίʹ

ఏҊ͢ΔΠϯϑϥޚ੍྆ंܕϓϥοτϑΥʔϜ, ಈڥ࡞ͱͯ͠ 5GʹΑΔҠಈମ௨৴Λ

ఆ͍ͯ͠Δ. 5G 2020ʹαʔϏεͷ։࢝Λ༧ఆ͓ͯ͠Γ, Λআ͘ͱڥݧࢼ 5GαʔϏεΛར

༻ͨ͠ఏҊϓϥοτϑΥʔϜͷධՁ࣮ݱͰ͖ͳ͍.

4ষͰ, ఏҊϓϥοτϑΥʔϜͰ҆ఆ੍ݱ࣮͕ޚͰ͖Δ͜ͱΛ֬ೝ͢ΔͨΊʹ 1ͭͷΩϟϦΞ

(ָఱϞόΠϧ)ͱ̍ͭͷΫϥυαʔϏε (Google Public DNS)ͷؒͰ௨৴ԆΛܭଌ͠, ϓϩτ

λΠϓΛ༻͍ͯ, Ԇͷมಈ͕ܹ͍ؒ࣌͠ଳͰͷं੍྆ޚධՁΛͨͬߦ. ͔͠͠, ൣғͷڠௐ

ӡసγεςϜΛ࣮͢ݱΔͨΊʹ, 1ͭͷΩϟϦΞͱΫϥυαʔϏε͚ͩͰͳ͘, ෳͷΩϟϦ

ΞͱΫϥυαʔϏε௨৴ڥΛଌఆ͠, ఏҊϓϥοτϑΥʔϜΛ༻͍ͨؒ࣌ͷं੍྆ޚʹͭ

͍ͯධՁ͢Δඞཁ͕͋Δ.

ҰํͰ, ΩϟϦΞͷԆಛੑʹ͍ͭͯ, ͍ؒ࣌͘͝ͷԆΛܭଌͨ͠ྫ [63]ଘ͢ࡏΔ͕, 

.ެ։͞Ε͍ͯͳ͍ݙଌͨ͠σʔλจܭͷԆͷมಈΛؒ࣌ ຊࠃʹओཁͳ MNO ͕ 3

ࣾଘ͢ࡏΔ͜ͱʹՃ͑, ༷ʑͳMVNO͕಄͖͍ͯͯ͠Δ. ͜ΕΒΩϟϦΞͷԆಛੑΛѲ͢

Δ͜ͱͳ͘ఏҊϓϥοτϑΥʔϜͷ࣮ݱՄੑΛٞ͢Δ͜ͱ͍͠.

ຊষͰ, ఏҊϓϥοτϑΥʔϜΛධՁ͢ΔͨΊʹ, ෳͷΩϟϦΞ-ΫϥυαʔϏεؒͷ௨

৴Ԇ, ύέοτϩε͓Αͼ, ωοτϫʔΫτϙϩδʹ͍ͭͯ .͏ߦଌΛܭͷؒ࣌24 ௨৴ܭଌʹ

5.3અͰઆ໌Λ͏ߦ 2ͭͷωοτϫʔΫίϚϯυʮpingʯ, ʮtracerouteʯΛ༻͍, pingʹΑͬͯ௨

৴ԆͱύέοτϩεΛ, traceroute ʹΑͬͯωοτϫʔΫτϙϩδΛଌఆ͢Δ. ଌରͱͳΔܭ
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ΫϥυαʔϏεAmazon, Google, ౦ژେֶͷ̏ͭͰ, ͦΕΒʹରͯ͠ 11ΩϟϦΞͷ௨৴

Λ༻͍ͯ௨৴ܭଌΛ͏ߦ.

ຊষͷओཁͳݙߩҎԼͰ͋Δ.

• ͷཏతͳଌఆɾධՁڥͷ௨৴ࠃΛతͱͨ͠ຊޚ੍྆ं

– ,ͮ͘جʹଌσʔλܭ Τοδαʔόͷஔͱ௨৴Ԇͷؔੑͷಋग़

tracerouteʹΑΔධՁ͔Β, େنͳΫϥυαʔϏε, ΠϯλʔωοτΛܦ༝͢Δ͜ͱͳ͘,

ΩϟϦΞͱଓ͢ΔύεΛͭ࣋͜ͱΛࣔ͢. ·ͨ, pingΛ༻͍ͨධՁ͔Β, ʮΩϟϦΞຖʹҟ

ͳΔ௨৴ܦ࿏ͷಛΛͭ͜ͱʯ,ʮMNOͷ 3ࣾύέοτϩεΛൃੜͤ͞ʹ͍҆͘ఆͨ͠ωο

τϫʔΫΛͭ࣋͜ͱʯΛࣔ͢. ,ʹޙ࠷ pingͱ tracerouteͷ݁Ռ͔Β, 3ষͰఆ֤ٛͨ͠ωοτϫʔ

Ϋஔ ,ہج) ,ࣷہ ήʔτΣΠ, Ϋϥυʣ্Ͱͷ UpES, LoES ͷϩέʔγϣϯύϥϝʔλ

αup,αlo Λܾఆ͢Δ.

ຊষ, શ 6અͰߏ͞Ε͍ͯΔ. 5.2અͰଌఆ͢ΔωοτϫʔΫͷߏʹ͍ͭͯઆ໌͢Δ. 5.3

અͰଌఆํ๏ͱରʹ͍ͭͯड़, 5.4અͰଌఆ݁Ռʹ͍ͭͯ·ͱΊΔ. 5.5અͰϩέʔγϣϯ

ύϥϝʔλͷΛܾఆ͢Δ. 5.6અͰຊষΛ·ͱΊΔ.

5.2 ଌఆ͢ΔωοτϫʔΫͷߏʹ͍ͭͯ

ΛਤߏωοτϫʔΫͷ͏ߦଌΛܭ 5.1 ʹࣔ͢. ௨৴͔ΒΫϥυʹ͚ͯ௨৴Λ։࢝͢

Δ߹, .༝ͯ͠ແઢ௨৴ճઢʹసૹ͞ΕΔܦΛہجͣ· 2018ࡏݱ, ຊʹ͓͍ͯશࠃల։͞

Ε͍ͯΔແઢ௨৴ճઢ docomo, SoftBank, KDDIͷ 3ࣾͰ͋Γ, ೖ͢Δ༧ఆͰ͋ࢀఱָ͕ޙࠓ

Δ [64]. ແઢ௨৴ճઢͷύέοτ֤MNO, MVNOͷ Packet data network Gateway (ήʔτΣ

Π) ʹసૹ͞ΕΔ. ͜ͷήʔτΣΠແઢ௨৴ճઢͰ༻͞ΕΔઐ༻ϓϩτίϧΛΠϯλʔ

ωοτͰ௨৴Ͱ͖Δϓϩτίϧ (TCP/IPϓϩτίϧ)ʹม͢Δ. ήʔτΣΠ͕ύέοτΛసૹ

͠MNO, MVNOͷωοτϫʔΫΛൈ͚Δͱ, Πϯλʔωοτ۠ؒΛհͯ͠Ϋϥυʹଓ͞ΕΔ.

͜ͷͱ͖, MNO, MVNO͕ཧ͢Δ֤ωοτϫʔΫΛࣗγεςϜ (Autonomous System (AS)) ͱ

ఆٛ͠, ֤Ϋϥυͱ AS Ұൠతʹ Internet eXchange (IX) ͱݺΕΔ૬ޓଓϙΠϯτΛܦ

༝ͯ͠Ϋϥυʹଓ͞ΕΔ.
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ਤ 5.1: Ҡಈମ௨৴ͷߏ

ຊষͰ, traceroute ʹΑΔωοτϫʔΫτϙϩδͷଌఆΛ͏ߦ. ͨͩ͠, ௨৴-ήʔτΣ

Πؒઐ༻ϓϩτίϧʹΑͬͯӅณ͞Ε͍ͯΔͨΊ, ଌͰ͖ΔωοτϫʔΫτϙϩδήʔτ؍

ΣΠ-ΫϥυؒͷωοτϫʔΫͰ͋Δ.

5.3 ௐࠪ

3ͭͷΫϥυαʔϏεΛܭଌରͱͯ͠, 11ΩϟϦΞͷ SIMΛૠೖͨ͠ܞଳΛ༻͍ͯ

ཏతʹ ܭ߹) (࿏ܦ33 ௐࠪΛ࣮͢ߦΔ. 1ͭͷΩϟϦΞ-ΫϥυαʔϏεܦ࿏ʹ͖ͭ ͷఆؒ࣌24

ௐࠪΛ͏ߦ. ௐ߲ࠪ௨৴Ԇ, ύέοτϩε͓Αͼ, ωοτϫʔΫτϙϩδͰ͋Δ.
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5.3.1 ௐࠪํ๏

ຊใࠂॻͰ௨৴Ԇ, ύέοτϩεͷௐࠪʹ pingΛ, ωοτϫʔΫτϙϩδͷௐࠪʹ traceroute

Λ༻͍Δ.

ping

ping IPωοτϫʔΫ্Ͱܭଌର౸ୡͰ͖Δ͔Λ֬ೝ͢ΔͨΊͷπʔϧͰ, ૹ৴͔ݩΒܭ

ଌର·Ͱͷԟ෮Ԇؒ࣌ΛଌఆͰ͖Δ. ఏҊϓϥοτϑΥʔϜͰ, ं͕྆ 100ms पظͰηϯ

ασʔλΛૹ৴͠, ,σʔλΛड৴͢Δ͜ͱͰޚ੍ ԕ੍ִޚΛ࣮͢ݱΔ. ͦ͜Ͱ, ຊܭଌͰ 100ms

पظͰԆଌఆΛ͏ߦ.

traceroute

traceroute  IP ωοτϫʔΫʹͯܭଌର·Ͱͷύέοτͷܦ࿏Λௐࠪ͢ΔπʔϧͰ, ૹ৴ݩ

͔ΒܭଌରʹࢸΔ·Ͱʹ௨ա͢ΔωοτϫʔΫஔͷ IP, ௨৴ԆΛΔ͜ͱ͕Ͱ͖Δ. ຊܭ

ଌͰ, traceroute Λ༻͍ͯ 1 ʹ 1 ճܦ࿏ใΛೖख͠, ೖखͨ͠ܦ࿏ใͷ IP ΞυϨε͔Β

WhoIS[65]ίϚϯυΛ༻͍ͯ IPΛॴ༗͢ΔASΛಛఆ, ASؒͷଓؔΛࣔ͢ωοτϫʔΫτϙ

ϩδΛ࡞͢Δ. ·ͨ, ຊܭଌͰͷ tracerouteͷ 1ϗοϓͰܭଌ͞ΕΔωοτϫʔΫஔ͕ήʔ

τΣΠͷ࣍ͷஔͰ͋Δ͜ͱ͔Β, tracerouteͷ 1ϗοϓͷԆΛήʔτΣΠ·ͰͷԆͱ

͠, -ήʔτΣΠؒԆͷܭଌΛ͏ߦ.

5.3.2 ௐࠪର

3ͭͷΫϥυαʔϏεͱ 11ͷΩϟϦΞΛ༻ͯ͠ௐࠪΛ͏ߦ. ද ଌରͰ͋ΔΫϥܭʹ5.1

υαʔϏεҰཡΛࣔ͢. ຊจͰ, දతͳΫϥυऀۀࣄͰ͋Δ Amazonͱ GoogleͷΫϥ

υαʔϏε, ཧతͳҐஔ͕ѲͰ͖͍ͯΔ౦ژେֶͷαʔόΛΫϥυαʔϏεͱͯ͠༻

͢Δ. ද 5.2 ʹΩϟϦΞҰཡΛࣔ͢. ຊͷදతͳ MNO Ͱ͋Δ docomo, SoftBank, KDDI ʹՃ

͑, MVNO 8ࣾͷճઢͰௐࠪΛͨͬߦ. Ҏུ߱শΛ༻ͯ͠, ֤ΩϟϦΞΛද͢هΔ.
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ද 5.1: ΫϥυαʔϏεҰཡ
ΫϥυαʔϏε IP

Amazon AWS[66] 13.113.254.104

Google Public DNS[61] 8.8.8.8

౦ژେֶαʔό ౦ژେֶ IP

ද 5.2: ΩϟϦΞҰཡ
ΩϟϦΞ໊শ ུশ ճઢ ௨৴

(ג) NTTυίϞ [48] D D Huawei HW-02G

KDDI (ג) [50] K K Huawei 501 HW

ιϑτόϯΫ (ג) [49] SB SB Huawei W01

ຊ௨৴ (ג) (b-mobile) [67] BM D NEC MR04LN

Ϗοάϩʔϒ (ג) [68] BL D NEC MR04LN

ϑϦʔϏοτ (ג) [69] FB D NEC MR04LN

(ג) ΠϯλʔωοτΠχγΞςΟϒ [70] IIJ D NEC MR04LN

(ג) ΠϯλʔϦϯΫ [71] IL D NEC MR04LN

NTTίϛϡχέʔγϣϯζ (ג) [72] OCN D NEC MR04LN

ιχʔϞόΠϧίϛϡχέʔγϣϯζ (ג) [73] SN D NEC MR04LN

(ג) έΠɾΦϓςΟίϜ [74] MN K NEC MR04LN

5.4 ௐࠪ݁Ռ

ping ͱ traceroute ʹΑΔ 24 .ଌͷௐࠪ݁ՌΛࣔ͢ܭؒ࣌ ॳΊʹ traceroute ͷଌఆ݁Ռ͔Β࡞

ͨ͠ωοτϫʔΫτϙϩδʹ͍ͭͯઆ໌͢Δ. ,ʹ࣍ ping ʹΑΔԆܭଌ͔Β֤ܭଌܦ࿏Ͱͷύ

έοτϩε, ,Ԇ͓Αͼ࠷ ԆͷதԝΛಋ͖, tracerouteͱ pingͷ݁Ռͷؔ࿈Λਪଌ͢Δ. ࠷

,ʹޙ pingͱ tracerouteͷ 1hopͷԆ͔Β, -ΫϥυؒԆʹର͢Δ-ήʔτΣΠؒ

ԆͷൺΛಋ͘.

5.4.1 ωοτϫʔΫτϙϩδʔ

ਤ 5.2 ʹ traceroute ΑΓಋ͍ͨωοτϫʔΫτϙϩδΛࣔ͢. ৭ͷϊʔυ͕ΫϥυαʔϏ

ε (SINET[75] , ౦ژେֶͷαʔό͕ଘ͢ࡏΔ AS Λࣔ͢) Λ, ৭ͷϊʔυ͕ IX Λ, ੨ͷϊʔ

υ͕֤ΩϟϦΞ (ೱ͍੨͕ MNO, ബ͍੨͕ MVNO) Λࣔ͢. ੨ͱͷதؒ৭Ͱ͋Δ OCN ͱ IIJ 
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MVNO Ͱ͋Δͱಉ࣌ʹ IX ͱͯ͠ͷׂՌ͍ͨͯ͠Δ. ৭ͷখ͍͞ϊʔυࠇ traceroute ʹԠ

͠ͳ͔ͬͨॴଐෆ໌ͷϊʔυ (Ҏ߱, Unknown ϊʔυ) Ͱ͋Δ. ·ͨҹ AS ؒͷଓؔΛ

͓ࣔͯ͠Γ, ৭ҹΩϟϦΞͱΫϥυ͕ IXແ͠Ͱଓ͢Δܦ࿏Λࣔ͢. ੨৭ͷҹ

UnknownϊʔυΛܦ༝ͯ͠ΩϟϦΞͱΫϥυ͕ଓ͍ͯ͠Δܦ࿏Λ͓ࣔͯ͠Γ, Unknownϊʔ

υ͕ IXͰͳ͘ΩϟϦΞ͘͠Ϋϥυʹॴଐ͢ΔωοτϫʔΫஔͰ͋Δ߹, ΩϟϦΞͱ

Ϋϥυ͕ଓ͞ΕΔܦ࿏ͱͳΔ.

ਤ 5.2 ΛݟΔͱΩϟϦΞ͕ SINET ʹଓ͢ΔͨΊʹ IX Λඞͣܦ༝͢Δඞཁ͕͋Δ (IIJ ͱ

OCN IXͱͯ͠ͷׂΛՌ͍ͨͯ͠Δ) . ͦͷҰํͰ, େنʹΫϥυαʔϏεΛల։͍ͯ͠

ΔAmazonGoogleଟ͘ͷMNO, MVNOͱଓͰ͖Δ͜ͱ͕֬ೝͰ͖Δ. ಛʹGoogle

ଟ͘ͷΩϟϦΞͱଓ͕ՄͰ͋Γ, ͨͬߦଌΛܭճࠓ 11ͷΩϟϦΞͷ͏ͪগͳ͘ͱ 6ͭ

ͷܦ࿏Ͱଓ͕࣮ݱͰ͖͍ͯΔ. ͜ͷ͜ͱ, େنͳΫϥυαʔϏεΛ༻͢Δ͜ͱͰΠ

ϯλʔωοτ͕ݪҼͱͳΔ௨৴োΛ੍Ͱ͖Δ͜ͱΛ͍ࣔͯ͠Δ.
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ਤ 5.3: ύέοτϩεͷൺֱ

5.4.2 ύέοτϩε

ਤ 5.3ʹ pingΑΓಋ͍ͨΩϟϦΞ-ΫϥυαʔϏεؒͷύέοτϩεͷܭଌ݁ՌΛࣔ͢. ԣ࣠

͕ΩϟϦΞͷ໊শΛ, ॎ͕࣠ύέοτϩεͷେ͖͞ (%) Λࣔ͢. ֤ΩϟϦΞ͔ΒGoogle, ౦ژେֶ,

Amazonʹରͯ͠ pingΛࡍͨͬߦͷύέοτϩεΛ, ੨, Ͱࣔ͢.

ਤ 5.3ΛݟΔͱ, ΩϟϦΞ͔Β౦ژେֶͷ௨৴ܦ࿏ʹͯଟ͘ͷύέοτϩε͕ൃੜ͍ͯ͠Δ͜

ͱ͕֬ೝͰ͖Δ. ͜ͷࣄ౦ژେֶͷαʔό͕ଓ͞Ε͍ͯΔֶज़ใωοτϫʔΫ SINET͕ݪ

ҼͱͳΓύέοτϩε͕ൃੜ͍ͯ͠Δ͜ͱΛࣔ͢. ͦͷҰํͰ Google  Amazon ͷܭଌͰ,

MNO ͷ 3 ͕ࣾ΄΅ύέοτϩεΛൃੜ͍ͤͯ͞ͳ͍ͷʹରͯ͠, MVNO ͩͱύέοτϩεΛൃ

ੜͤ͞Δ͜ͱ͕ଟ͍. ΩϟϦΞʹΑͬͯύέοτϩεͷൃੜʹ͕ࠩ͋ΔͨΊ, Google  Amazon

ͷܭଌʹΑΔύέοτϩεΩϟϦΞωοτϫʔΫ͕ݪҼͩͱ͑ߟΔ͜ͱ͕Ͱ͖,ʮMNOύ

έοτϩεΛൃੜͤ͞ʹ͍҆͘ఆͨ͠ωοτϫʔΫΛͭ࣋͜ͱʯ,ʮҰ෦ͷMVNOΩϟϦΞ͕ύ

έοτϩεΛൃੜ͍ͤ͢͞௨৴ܦ࿏Λͭ࣋͜ͱʯ͕֬ೝͰ͖Δ.
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ਤ 5.4: Ԇ࠷

5.4.3 ௨৴Ԇ

ਤ 5.4ʹ pingʹΑΔΩϟϦΞ-ΫϥυαʔϏεؒଌఆͰͷ࠷ԆͷΛࣔ͢. ԣ͕࣠ΩϟϦ

ΞΛ, ॎ͕࣠࠷Ԇͷେ͖͞ (ms) Λࣔ͢.

ਤ 5.4ΛݟΔͱ, 11ΩϟϦΞͷ͏ͪ 9ΩϟϦΞͰGoogle͕࠷খ͍͞࠷ԆΛͭ࣋͜ͱ͕֬

ೝͰ͖Δ. Δ͜ͱ͕Ͱ͖͑ߟͷԆͱݶ࿏ͷԼܦԆͦͷ௨৴࠷ଌͨ͠தͰͷܭఆؒ࣌24

ΔͨΊ, Googleଟ͘ͷΩϟϦΞͱଓ͞ΕΔ͜ͱʹΑΓ, GoogleʹΞΫηε͢ΔͨΊͷ

Ԇͳ௨৴ܦ࿏Λߏங͍ͯ͠Δͱ͑ߟΒΕΔ. ਤ 5.5ͷԆͷதԝΛͯݟ, 11ΩϟϦΞͷ͏ͪ

7ΩϟϦΞͰ Google͕࠷খͷԆͷதԝΛͭ࣋͜ͱ͕֬ೝͰ͖Δ. Ҏ্ͷ݁ՌΑΓ, Google͕

ଟ͘ͷ௨৴ܦ࿏Ͱ࠷খ͍͞࠷Ԇ, ԆͷதԝΛͭ࣋͜ͱ͕֬ೝͰ͖Δ. ͜Εਤ 5.2Ͱࣔ

ͨ͠Α͏ʹ, େنͳΫϥυαʔϏεଟ͘ͷΩϟϦΞͱΠϯλʔωοτΛܦ༝ͤͣʹ

ଓ͢Δ௨৴ܦ࿏Λͭ࣋͜ͱͰԆͳωοτϫʔΫΛߏங͍ͯ͠ΔͨΊͰ͋Δ.
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ਤ 5.6: Ԇσʔλ (D)

͍ͯͭʹɿಛతͳԆߟ ਤ 5.6 ʹ ping Λ༻͍ͨ D-ΫϥυαʔϏεؒͷྻܥ࣌Ԇܭଌ

σʔλΛࣔ͢. ԣ͕࣠ܦաؒ࣌ (ඵ) Λ, ॎ͕࣠Ԇ (ms) Λࣔ͢.

ਤ 5.6 ΛݟΔͱ, D ͷ௨৴ܭଌͰܦաؒ࣌ʹΑΒͣҰఆͷ௨৴ԆͷΛͭ࣋͜ͱ͔Β D

͕҆ఆͨ͠௨৴Λ࣮ݱͰ͖Δ͜ͱ͕͔Δ. ·ͨ, ਤ 5.6ͷͰଟ͘ͷ௨৴͕ 60msલޙͷ௨

৴ԆΛͪ࣋, େ͖͍௨৴ԆΛͭ࣋௨৴ͷසঃʑʹݮগ͍ͯ͘͜͠ͱ͕֬ೝͰ͖Δ. ͦͷҰ

ํͰ, ,Αͬͯ௨৴Ԇͷ͕มԽͨ͠Γʹؒ࣌աܦ Ԇͷେ͖͞ͷසʹภΓ͕ੜͨ͡Γ

͢ΔΩϟϦΞ͕ଘ͢ࡏΔ. ҎԼͰ, ͦΕΒͷ݁Ռͱͱʹཧ༝Λ͢ߟΔ.

FB ਤ 5.7ʹ pingΛ༻͍ͨ FB-ΫϥυαʔϏεؒͷྻܥ࣌ԆܭଌσʔλΛࣔ͢.

ਤ 5.7ΛݟΔͱ, ଳͱؒ࣌ա͗ͷ࣌12 Β͔ࠒ࣌18 ,ଳͰؒ࣌खલ·Ͱͷ࣌24 Ԇ͕େ͖͘ͳͬ

͍ͯΔ͜ͱ͕֬ೝͰ͖Δ. ͜ͷݱ FBͷແઢ௨৴ճઢͰ͋Δ DͰൃੜ͠ͳ͔ͬͨ͜ͱ͔Β,

ແઢ௨৴ճઢ͕ݪҼͰͳ͘, FBͷωοτϫʔΫͰෛՙ͕ूத͢Δؒ࣌ଳͷύέοτΛॲཧ͠

͖Εͳ͔ͬͨ͜ͱ͕ݪҼͰ͋Δͱ͑ߟΒΕΔ. ಉ༷ͷݱ, FBҎ֎ʹ IIJ , MN, OCN, SNͰݟ

ΒΕͨ.
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ਤ 5.7: Ԇσʔλ (FB)

K ਤ 5.8ʹ pingΛ༻͍ͨK-ΫϥυαʔϏεؒͷྻܥ࣌ԆܭଌσʔλΛࣔ͢. ਤ 7 ΛݟΔͱ,

ଟ͘ͷ௨৴͕ 40ms ఔͷ௨৴ԆͰ͋Δ͕, େ͖͍௨৴ԆΛͭ࣋௨৴͕ 100ms पลͱ 200ms

पลʹภͬͯଘ͢ࡏΔ͜ͱ͕֬ೝͰ͖Δ. ͜ͷݱ, ௨৴ෛՙʹ͍ͯͮجύέοτͷసૹܦ࿏Λ

Γ͑Δ͜ͱʹΑͬͯൃੜ͢Δͱ͑ߟΒΕΔ. ಉ༷ͷݱ, KҎ֎ʹ SB, MN, BL, IL, OCN

Ͱ֬ೝͰ͖Δ.

సૹܦ࿏ͷՕॴԆΑΓਪଌͰ͖Δ. D ͰԆͷภΓ͕ൃੜ͍ͯ͠ͳ͍ͷʹ

߆Βͣ, Dͷແઢ௨৴ճઢΛ༻͍Δ BL, IL, OCN ͰԆͷภΓ͕ൃੜ͍ͯ͠Δ. ͜ͷ͜ͱ

͔Β, ͜ΕΒ 3 ΩϟϦΞʹ͍֤ͭͯΩϟϦΞͷωοτϫʔΫͰసૹܦ࿏ͷΛ͍ͯͬߦΔ

͜ͱ͕ਪଌ͞ΕΔ. ҰํͰ, K ͱ K ͷແઢ௨৴ճઢΛ༻͍Δ MN Ͱಉ༷ͷԆͷภΓΛ࣋

ͭ. ͜ͷ͜ͱ͔Β, ͜ΕΒ 2ΩϟϦΞʹ͍ͭͯKͷແઢ௨৴ճઢͰܦ࿏ͷΛ͍ͯͬߦΔ͜

ͱ͕ਪଌ͞ΕΔ.
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ਤ 5.8: Ԇσʔλ (K)

5.5 ֤ωοτϫʔΫஔ্Ͱͷϩέʔγϣϯύϥϝʔλʹ͍ͭͯ

,ଌ݁Ռ͔Βܭ 3ষͰ֤ࣔͨ͠ωοτϫʔΫஔ্ͰͷUpES, LoESͷϩέʔγϣϯύϥϝʔλ

αup,αlo Λܾఆ͢Δ.

ਤ 5.9ʹ pingʹΑΔԆͷதԝͱ, tracerouteͷ 1ϗοϓͷԆͷதԝΛࣔ͢ (traceroute

ͷ 1 ϗοϓ͕ܭଌͰ͖ͨσʔλ1͚ͩදࣔ). ԣ͕࣠ΩϟϦΞ໊, ΫϥυαʔϏε໊Λ, ॎ͕࣠

Ԇͷେ͖͞ (ms) Λࣔ͢.

Ҡಈମ௨৴Ͱ-ήʔτΣΠؒͷωοτϫʔΫ҉߸ԽɾΧϓηϧԽ͞Εͯ௨৴͕ߦ

ΘΕ͍ͯΔ. ͦͷͨΊ, tracerouteͰʮ-ؒࣷہʯ͓Αͼ, ʮ-ήʔτΣΠؒʯͷ௨৴

ԆΛ؍ଌ͢Δ͜ͱͰ͖ͣ, tracerouteͷ 1ϗοϓήʔτΣΠͷ࣍ͷωοτϫʔΫஔͱͷ

ԆͱͳΔ. ͦ͜Ͱ, զʑ traceroute ͷ 1 ϗοϓͷԆΛ-ήʔτΣΠؒͷԆͱ͑ߟ

ϩέʔγϣϯύϥϝʔλΛܾఆ͢Δ. ping ͷதԝͱ traceroute ͷ 1 ϗοϓͷதԝͷൺ

ʮ0.862ʯͱͳΔͨΊ, զʑ͜ͷ 0.862ΛήʔτΣΠͷϩέʔγϣϯύϥϝʔλͱ͢Δ. ·ͨ, ຊ

1traceroute ڋ൱͞Εͯ௨৴Ԇ͕ܭଌͰ͖ͳ͍͜ͱ͕͋Δ
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ਤ 5.9: Ԇͷൺֱ (ping, traceroute)

จͰࣷہͷஔجہͱήʔτΣΠͷதؒͷҐஔʹ͋ΔͱԾఆ͠, 0.862ͷͷͰ͋

Δʮ0.431ʯΛࣷہͷϩέʔγϣϯύϥϝʔλͱ͢Δ. ද 5.3 ʹ֤ωοτϫʔΫஔͷϩέʔγϣ

ϯύϥϝʔλΛ·ͱΊΔ.

5.6 ·ͱΊ

ຊষͰ, 3ͭͷΫϥυαʔϏεͱ 11ͷΩϟϦΞͷ௨৴Λ༻͍ͯ߹ܭ 33ͷ௨৴ܦ࿏ʹର

ͯ͠ .ͨͬߦଌΛܭڥͷ௨৴ؒ࣌24

tracerouteΛ༻͍ͨଌఆΑΓ, େنͳΫϥυαʔϏεΠϯλʔωοτΛܦ༝͢Δ͜ͱͳ͘,

ΩϟϦΞͱଓ͢ΔύεΛͭ࣋. ಛʹ, Googleଟ͘ͷΩϟϦΞͱଓ͞Ε͍ͯΔͨΊ,

GoogleʹΞΫηε͢ΔͨΊͷԆωοτϫʔΫ͕ߏங͞Ε͍ͯΔ͜ͱΛࣔͨ͠.
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ද 5.3: ϩέʔγϣϯύϥϝʔλ αup,αlo

ஔ໊ αup,αlo

ہج 0

ࣷہ 0.431

ήʔτΣΠ 0.862

Ϋϥυ 1.0

pingΛ༻͍ͨଌఆΑΓ, MNO3ࣾύέοτϩεΛൃੜͤ͞ʹ͍҆͘ఆͨ͠ωοτϫʔΫΛ࣋

ͭ͜ͱΛࣔͨ͠. ·ͨ, ΩϟϦΞ-ΫϥυؒͷԆܭଌ݁Ռͷதʹ 2 ͭͷಛతͳԆܭଌ݁Ռ

͕ଘ͠ࡏ,ʮؒ࣌ଳʹΑͬͯ௨৴Ԇͷେ͖͕͞มԽ͢Δ௨৴ܦ࿏ʯ,ʮ௨৴ԆͷʹภΓ͕

ଘ͢ࡏΔ௨৴ܦ࿏ʯΛࣔͨ͠.

,ʹޙ࠷ pingͱ tracerouteͷ݁Ռ͔Β, Ҡಈମ௨৴ͷήʔτΣΠͱࣷہͷϩέʔγϣϯύ

ϥϝʔλΛਪఆͨ͠.

,ষͰ࣍ ຊଌఆ݁ՌΛ༻͍ͨఏҊϓϥοτϑΥʔϜͷγϛϡϨʔγϣϯධՁΛ͏ߦ.
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ୈ 6ষ

࣮τϥϑΟοΫΛ༻͍ͨఏҊϓϥοτϑΥʔϜͷγϛϡϨʔ

γϣϯධՁ

6.1 ͡Ίʹ

ຊจͰ,ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊʹ,Πϯϑϥޚ੍྆ंܕϓϥοτϑΥʔ

ϜΛఏҊ͍ͯ͠Δ. զʑ, 3ষͰϓϥοτϑΥʔϜͱͦΕΛஔ͢ΔωοτϫʔΫτϙϩδͷఏ

ҊΛͨͬߦ. ·ͨ, 4ষͰ, ϚΠΫϩΧʔʹΑΔςετϕουΛ༻͍ͨं੍྆ޚͷධՁΛ͍ߦ, ҆

ఆͯ͠ԕ੍ִޚɾ੍ࣗޚͷΛ࣮ݱͰ͖ΔఏҊϓϥοτϑΥʔϜͷᮢΛಋ͖, ࣮௨৴

ԆڥͰ҆ఆ੍ͨ͠ݱ࣮͕ޚͰ͖Δ͜ͱΛࣔͨ͠.

ҰํͰ, 5 ষͰࣔͨ͠Α͏ʹ, ,ΔͨΊ͢ࡏʹ༷ʑͳΩϟϦΞ͕ଘࠃ ͦΕΒͷωοτϫʔΫ

ಛੑྀ͠ߟ, ఏҊϓϥοτϑΥʔϜͷධՁΛ͏ߦඞཁ͕͋Δ. 4ষͷςετϕουධՁఏҊϓ

ϥοτϑΥʔϜΛ༻͍ͨ҆ఆ੍ޚͷ֬ೝ͕తͰ͋ͬͨͨΊ, ؒ࣌ͷ௨৴ଌఆ݁ՌΛ༻͍ͨධ

Ձ͔͍ͯͬ͠ߦͳ͍. ҆ఆ੍ޚՄͳᮢΛ࣮௨৴ڥͰదԠͯ͠, ଟ͘ͷؒ࣌ଳͰ੍ࣗޚ

͕ඞཁͱͳΔ߹, ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔ͜ͱͰ͖ͳ͍. ൣғͷڠௐӡస

γεςϜͷ࣮ݱՄੑΛࣔͨ͢Ίʹ, 1 ͭͷΩϟϦΞ͚ͩͰͳ͘ෳͷΩϟϦΞͷ௨৴Ԇ

σʔλΛ༻͍ͯ, ؒ࣌ͷं੍྆ޚʹ͍ͭͯධՁ͢Δඞཁ͕͋Δ.

·ͨ, 4ষͰ,͋Β͔͡ΊUpESΛΫϥυ, LoESΛجہʹܾΊͯݕ౼Λ͕͖ͨͯͬߦ, UpES,

LoESͷஔʹ͍ͭͯධՁΛ͏ߦඞཁ͕͋Δ. 2018࣌Ͱ, ΩϟϦΞ͔ΒΤοδαʔόͷ۩ମ

తͳஔܭըൃද͞Ε͍ͯͳ͍. զʑ, Ҡಈମ௨৴ͷUpES, LoESͷஔީิͱͯ͠ʮج
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ہʯ, ʮࣷہʯ, ʮήʔτΣΠʯ, ʮΫϥυʯΛఆ͍ͯ͠Δ. 3.6અͰࣔͨ͠Α͏ʹ, UpES,

LoESͷஔ͕ҟͳΔ߹, ʮं྆-Τοδαʔόؒͷ௨৴Ԇʯͱʮऩ༰ʯ, ʮඞཁͳΤοδ

αʔόͷʯ͕ҟͳΔ.

ͦ͜Ͱ, ຊষͰ, 5ষͰܭଌͨ͠௨৴ԆΛ༻͍ͯఏҊϓϥοτϑΥʔϜͷγϛϡϨʔγϣϯ

ධՁΛ͏ߦ. γϛϡϨʔγϣϯͰ, UpESͱ LoESͷஔΛʮΫϥυʯ,ʮήʔτΣΠʯ,ʮہ

ࣷʯ, ʮجہʯͷؒͰมԽͤ͞, ,ʢҎ߱ޚ࿏ʹͯʮUpESʹΑΔԕ੍ִܦଌͨ͠શ௨৴ܭ UpES

,ʢҎ߱ޚʯ,ʮLoESʹΑΔԕ੍ִ(ޚ੍ LoES੍ޚ)ʯ,ʮࣗಈंʹΑΔ੍ࣗޚʢҎ߱, ੍ࣗޚ)ʯ

ͷ੍ޚൺʢ24 ,தͰؒ࣌ .ͷׂ߹ʣΛධՁ͢Δؒ࣌Λ୲ͨ͠ޚख๏͕ं੍྆ޚ੍֤ ·ͨ, γ

ϛϡϨʔγϣϯͱ 3.6અͷੵݟΓ͔Β, ΤοδαʔόஔͷτϨʔυΦϑΛ͠ূݕ, ఏҊϓϥο

τϑΥʔϜʹ͓͚Δ࠷దͳΤοδαʔόͷஔΛ͢ߟΔ.

ຊষͷओཁͳݙߩ, ԼهͰ͋Δ.

• ཏతʹܭଌͨ͠ԆσʔλΛ༻͍ͨࠃ௨৴ڥͰͷ੍ޚൺͷಋग़

• ΤοδαʔόͷஔมߋʹΑΔ, ,ൺͱऩ༰͓Αͼޚ੍ Τοδαʔόͷؒʹ͋Δτ

ϨʔυΦϑͷղܾ

• దͳΤοδαʔόஔͷఏҊ࠷

γϛϡϨʔγϣϯͷ݁Ռ, ୈҰʹ੍ޚൺʹ͍ͭͯ, ฏۉతͳ௨৴ܦ࿏Ͱ, ʮUpES Λ࠷େͷ

ऩ༰Λͭ࣋Ϋϥυʹஔͯ͠ 90%Ҏ্ͷؒ࣌ଳͰ੍͕ޚՄͰ͋Δ͜ͱʯ, ʮLoES Λ

ൺΛޚͷ੍ޚஔ͢Δ͜ͱͰ੍ࣗʹہجɾࣷہ 0.6%ʹ·Ͱ੍Ͱ͖Δ͜ͱʯΛࣔ͢. ୈೋ

ʹ, Τοδαʔόͷஔʹ͍ͭͯʮ UpESͷஔΛௐ͢Δ͜ͱͰ LoES-UpESؒͷ੍ޚൺͱऩ

༰ͷτϨʔυΦϑΛௐͰ͖Δ͜ͱʯ,ʮLoESͷஔΛௐ͢Δ͜ͱͰԕ੍ִޚͱ੍ࣗޚ

ͷ੍ޚൺͱΤοδαʔόͷτϨʔυΦϑΛௐͰ͖Δ͜ͱʯΛࣔ͢. ୈࡾʹ, ੍ࣗޚͷඞཁ

ੑʹ͍ͭͯʮUpES, LoESͷஔΛௐͯ͠, ಥൃతͳόʔετύέοτϩε੍Ͱ͖ͳ͍ͨ

Ί, ੍͕ࣗޚඞਢͰ͋Δ͜ͱʯΛࣔ͢. ,ʹޙ࠷ UpESͱ LoESͷ࠷దஔʹ͍ͭͯʮUpESΛΫ

ϥυʹ, LoESΛࣷہʹஔ͢Δ͜ͱͰ, ΤοδαʔόஔͷίετΛ੍ͭͭ͠, େͷऩ༰࠷

ͱԆΛཱ྆͢ΔఏҊϓϥοτϑΥʔϜΛ࣮ݱͰ͖Δ͜ͱʯΛࣔ͢.

ຊষશ 7 અͰߏ͞Ε͍ͯΔ. 6.2 અͰલষ·ͰͰಋ͍ͨγϛϡϨʔγϣϯͰ༻͍Δύϥ

ϝʔλΛ·ͱΊΔͱͱʹ, Τοδαʔόͷஔʹؔ͢ΔτϨʔυΦϑΛࣔ͢. 6.3 અͰγϛϡ
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ਤ 6.1: ΤοδαʔόͷஔͱτϨʔυΦϑ

ϨʔγϣϯධՁํ๏Λࣔ͠, 6.4 ͓Αͼ, 6.5 અͰγϛϡϨʔγϣϯ݁ՌΛධՁ͠, 6.6 અͰ࠷దͳ

Τοδαʔόஔʹ͍ͭͯ͢ߟΔ. 6.7અͰຊষΛ·ͱΊΔ.

6.2 ΤοδαʔόஔͷτϨʔυΦϑ

ਤ 6.1ʹ UpES, LoESͷஔͱ֤ωοτϫʔΫஔͷಛΛࣔ͢.

UpES Ϋϥυ, ήʔτΣΠ, ,Αͼ͓ࣷہ ,Λہج LoES ήʔτΣΠ, ,Αͼ͓ࣷہ ج

ہΛஔઌͷީิͱ͢Δ. ͨͩ͠, UpES LoESͷ্Ґʹஔ͞ΕΔ.

Τοδαʔό͕ஔ͞ΕΔωοτϫʔΫஔ, ࣗಈं-ωοτϫʔΫஔؒͷʮ௨৴Ԇʯ, ֤

ωοτϫʔΫஔ͕ηϯαใΛऩूՄͳൣғʹେ͖ͳӨڹΛ༩͑Δʮऩ༰ʯ, γεςϜߏ

ஙͷίετʹେ͖ͳӨڹΛ༩͑ΔʮΤοδαʔό (ਤ 6.1தͰ, ESͱදه)ʯʹ͍ͭͯҟͳ

ΔಛΛͭ࣋. ωοτϫʔΫͷ্Ґͷஔ΄Ͳ, ࣗಈं͔ΒΕΔͨΊ௨৴Ԇେ͖͘ͳΔ. ͦ
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ͷҰํͰ, ऩ༰͕ଟ͘ͳΔͨΊ, ,ғͷं͔྆Βใऩू͕ՄʹͳΓൣ ඞཁͳΤοδαʔ

ό͕গͳ͘ͳΔͨΊ, ઃඋίετ͕গͳ͍. ରʹ, ԼҐͷωοτϫʔΫஔ΄Ͳ, ं྆ʹ͍ۙͨ

Ί, ௨৴Ԇখ҆͘͞ఆ͢Δ. ͔͠͠, ऩ༰গͳ͘ͳΓൣ͍ڱғͰ͔͠ڠௐӡస͕࣮ݱͰ

͖ͣ, ଟ͘ͷΤοδαʔό, ͻ͍ͯઃඋίετΛඞཁͱ͢Δ.

ද 6.1ʹ֤ωοτϫʔΫஔͰͷϩέʔγϣϯύϥϝʔλ, Τοδαʔό, ऩ༰Λࣔ͢. ϩ

έʔγϣϯύϥϝʔλ 3.6અͰఆٛ͞ΕͨԆϞσϧͰ༻͞ΕΔύϥϝʔλͰ, 5ষͰܭଌ͠

ͨ௨৴-ΫϥυαʔϏεؒԆΛ௨৴ͱ֤ωοτϫʔΫஔؒͷԆʹม͢ΔͨΊ

.ΕΔ͞༺ʹ ֤ஔͷϩέʔγϣϯύϥϝʔλͷ 5.5અͷߟΑΓܾఆ͞Εͨ. ϩέʔγϣ

ϯύϥϝʔλ͕খ͍͞΄Ͳ, Ԇ͕খ͘͞ͳΔ. Τοδαʔό͓Αͼ, ऩ༰ 3.6 અͰੵݟ

ΒΕͨͰ͋Δ. ද 6.1ΑΓ, ʮ্ҐͷωοτϫʔΫஔ΄Ͳ, ௨৴Ԇେ͖͘ͳΔͷͷ, ऩ

༰ଟ͘ͳΓ, ඞཁͳΤοδαʔό͕গͳ͘ͳΔ͜ͱʯ, ʮԼҐͷωοτϫʔΫஔ΄Ͳ,

௨৴Ԇখ͘͞ͳΔͷͷ, ऩ༰গͳ͘ͳΓ, ඞཁͳΤοδαʔόଟ͘ͳΔ͜ͱʯ͕

֬ೝͰ͖Δ.

,અҎ߱Ͱ࣍ ຊઅͰࣔͨ͠ϩέʔγϣϯύϥϝʔλ, Τοδαʔό, ऩ༰Λ༻͍ͯγϛϡ

ϨʔγϣϯධՁ͓Αͼ, .͏ߦΛߟ

ද 6.1: ϩέʔγϣϯύϥϝʔλ αup,αlo, Τοδαʔό, ऩ༰ʹ͍ͭͯ

ஔ໊ αup,αlo Τοδαʔό ऩ༰

Ϋϥυ 1.0 1 3,415,090

ήʔτΣΠ 0.862 55 62,093

ࣷہ 0.431 5,640 606

ہج 0 51,076 67

6.3 γϛϡϨʔγϣϯධՁ

ఏҊϓϥοτϑΥʔϜͷ੍ޚʹ͍ͭͯγϛϡϨʔγϣϯධՁΛ͍ߦ,ʮUpESʹΑΔԕ੍ִ

.ൺΛධՁ͢Δޚʯͷ੍ޚʯ͓Αͼ,ʮ੍ࣗޚʯ,ʮLoESʹΑΔԕ੍ִޚ ධՁʹ 5ষͰܭଌ

࣮ͨ͠ԆσʔλΛ༻͍, UpESͱ LoESஔج͔ہΒΫϥυͷؒͰม͢ߋΔ.

γϛϡϨʔγϣϯͷύϥϝʔλΛද 6.2ʹࣔ͢. Lhth, Llth, Nburst 3ষͰఆٛ͞Ε, 4ষͰಋ͍

ͨఏҊϓϥοτϑΥʔϜʹΑͬͯ҆ఆ੍ͯ͠ޚΛΓ͑ΔͨΊͷᮢͰ͋Δ. ֤ᮢͦΕͧ
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ද 6.2: γϛϡϨʔγϣϯύϥϝʔλ
ύϥϝʔλ໊ 

Ԇᮢ Lhth 100 [ms]

Ԇᮢ Llth 70 [ms]

όʔετύέοτϩεᮢ Nburst 3

UpESͷஔ Ϋϥυ, ήʔτΣΠ, ,ࣷہ ہج

LoESͷஔ ήʔτΣΠ, ,ࣷہ ,ہج ແ

ϩέʔγϣϯύϥϝʔλ αlo,αup 1.0 · · · 0.0

ແઢԆ Lwl 10 [ms]

Ԇͱύέοτϩεͷڥք 200[ms]

Ε, ωοτϫʔΫ্Ґͷ੍ޚஔ͔ΒԼҐͷ੍ޚஔͷʹ༻͢ΔԆᮢLhth, ԼҐͷ੍

ΔԆᮢ͢༺ʹஔͷޚஔ͔Β্Ґͷ੍ޚ Llth, ԕ੍ִޚͱ੍ࣗޚͷʹ༻

͢ΔόʔετύέοτϩεᮢNburst Ͱ͋Δ.

UpES ͷஔΫϥυ, ήʔτΣΠ, ,ࣷہ .ͷ͍ͣΕ͔Ͱ͋Δہج LoES ͷஔήʔ

τΣΠ, ,ࣷہ ,Ճ͑ʹہج LoES Λஔ͠ͳ͍߹ͷධՁ͏ߦ. ϩέʔγϣϯύϥϝʔλ

αlo,αup ͱແઢԆ Lwl  3.6 Ͱఆٛ͞ΕͨԆϞσϧͷύϥϝʔλͰ, αlo,αup ද 6.1 ʹࣔ͞

ΕͨΛΤοδαʔόͷஔʹԠͯ͡ม͠ߋ, Lwl  5GڥΛఆ͠ 10msͱ͢Δ.

·ͨ,ຊγϛϡϨʔγϣϯͰԆσʔλதͷύέοτϩεҎ֎ʹ, UpES੍ޚத lV 2L+ lL2U

͕, LoES੍ޚத lV 2L ͕ 200msΛ͑ͨ߹, ύέοτϩεͱఆ͢Δ.

6.4 γϛϡϨʔγϣϯ݁Ռ (શମ) ൺ,ऩ༰,Τοδαʔόޚ੍:

ਤ 6.2, 6.3ʹ UpES, LoESͷஔΛมࡍͨ͠ߋͷ੍ޚൺͷมԽΛ, ਤ 6.4ʹ UpESͷऩ༰

Λ, ਤ 6.5 ʹΤοδαʔόͷมԽΛࣔ͢. ֤ਤͷॎ࣠, ԣ࣠ UpES, LoES ͷஔΛࣔ͠, CL ͕

Ϋϥυ, GW ͕ήʔτΣΠ, CO ,ࣷہ͕ BS .ͷஔΛࣔ͢ہج͕ ਤ 6.2 શ௨৴ܦ࿏Ͱ

ͷγϛϡϨʔγϣϯ݁Ռͷฏޚ੍ۉൺΛࣔ͢. ਤ 6.3 શ௨৴ܦ࿏ͷதͰ UpES ൺޚͷ੍ޚ੍

͕࠷খͱͳΔ࠷৴པੑͷ͍௨৴ܦ࿏ͷγϛϡϨʔγϣϯ݁ՌΛࣔ͢. Up, Lo, VͦΕͧΕ

UpES੍ޚ, LoES੍ޚ, ੍ࣗޚΛࣔ͢. άϨʔʹͳ͍ͬͯΔྖҬ, LoES੍ޚແ͠Ͱ੍ࣗޚͱ

UpES੍͚ͩޚΛ༻͍ͯγϛϡϨʔγϣϯΛ݁ͨͬߦՌΛࣔ͢.
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p

E
S

 !"
CL

Up: 93.1%
Lo: 6.3%
V:   0.5%

Up: 92.8%
Lo:   6.6%
V:   0.6%

Up: 94.1%
Lo:   3.0%
V:   2.9%

Up: 92.8%
V:   7.2%

GW
Up: 97.3%
Lo:   2.2%
V:   0.5%

Up: 97.3%
Lo:   2.2%
V:   0.5%

Up: 97.1%
V:   2.9%

CO
Up: 99.5%
Lo:   0.0%
V:   0.5%

Up: 99.5%
V:   0.5%

BS
Up: 99.5%

V:   0.5%

BS CO GW CL

LoES !"
ਤ 6.2: ൺޚ੍ (ฏۉ) Up:UpES੍ޚ, Lo:LoES੍ޚ, V:੍ࣗޚ

6.4.1 ൣғͷڠௐӡసͷ࣮ݱՄੑʹ͍ͭͯ

ਤ 6.2, 6.3, 6.4ΑΓ, UpESΛΫϥυʹ, LoESΛࣷہɾجہʹஔ͢Δ͜ͱͰ,ʮԆʯ͔

ͭʮൣғʯͷԕ੍ִޚΛ࣮ݱͰ͖Δ͜ͱ͕֬ೝͰ͖Δ.

·ͣ, ਤ 6.2 ΑΓ, ฏۉతͳ௨৴ܦ࿏Ͱ, UpES ͷஔʹ߆Βͣ, 90%Ҏ্ͷؒ࣌ଳͰԕ੍ִޚ

.ՄͰ͋Δ͜ͱ͕֬ೝͰ͖Δݱ࣮͕ ͜ͷ͜ͱ, Ҡಈମ௨৴Ͱఆৗ࣌ͳΒेUpES੍͕ޚ

.ՄͰ͋Δ͜ͱΛࣔ͢ݱ࣮ ·ͨ, UpES͕Ϋϥυʹஔ͞Ε LoES͕ଘ͠ࡏͳ͍߹, ੍ࣗޚ

ͷ੍ޚൺ 7.2%ͱͳΔҰํͰ, LoES ΛࣷہΑΓԼҐʹஔ͢Δ͜ͱͰ੍ࣗޚͷ੍ޚൺ͕

0.6%ʹͳΔ͜ͱ͕֬ೝͰ͖Δ. ͜ͷ͜ͱUpES·Ͱͷ௨৴͕ෆ҆ఆͳͱ͖Ͱ, LoESΛ༻͢

Δ͜ͱͰ҆ఆͨ͠ԕ੍ִޚΛ࣮ݱͰ͖Δ͜ͱΛࣔ͢.

,ʹ࣍ ਤ 6.3, ௨৴ͷ৴པੑ͕࠷͍௨৴ܦ࿏ͰͷγϛϡϨʔγϣϯ݁ՌͰ͋Δ. UpESΛ্

ҐͷωοτϫʔΫஔʹஔͨ͠߹, UpESͷ੍ޚൺ͕͘ͳΔͨΊ, ͠༺ғͷใΛൣ

.͘ͳΔ͜ͱ͕͔Δ͕ؒ࣌Ͱ͖Δޚ੍ͯ ͦͷҰํͰ, UpESΛΫϥυʹஔ͍ͯͨ͠ͱͯ͠

, LoES ΛࣷہΑΓԼҐʹஔ͍ͯ͠Ε੍ࣗޚͷ੍ޚൺΛ 0.8%ҎԼʹ੍͢Δ͜ͱ͕Ͱ

͖Δ. ͜ͷ͜ͱ, ৴པੑͷ͍௨৴ܦ࿏Ͱ, UpES ʹΑΔൣғͷԕ੍ִޚͷޮՌখ͘͞ͳ

Δͷͷ, LoES͕ԆॲཧΛ࣮͢ݱΔ͜ͱͰɼ҆ఆͨ͠ԕ੍ִޚΛ࣮ݱͰ͖Δ͜ͱΛࣔ͢.
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ਤ 6.3: ൺޚ੍ (খ࠷) Up:UpES੍ޚ, Lo:LoES੍ޚ, V:੍ࣗޚ

,ʹޙ࠷ ਤ 6.4, UpESͷஔ͕ऩ༰ʹେ͖ͳӨڹΛ༩͑Δ͜ͱ͕͍ࣔͯ͠Δ. ಛʹ, Ϋϥ

υʹஔ͞Εͨ UpES ఏҊϓϥοτϑΥʔϜͷதͰ࠷େͷऩ༰Λͪ, ฏۉతͳ௨৴ܦ

࿏Ͱ 90%Ҏ্ͷؒ࣌ଳͰ UpES੍ޚΛ͜͏ߦͱ͕Ͱ͖Δ.

ൣғͷڠௐӡసΛ࣮͢ݱΔͨΊʹ, ʮԆʯ͔ͭʮେ͖ͳऩ༰ʯΛͭ࣋ԕ੍ִޚ

γεςϜΛߏங͢Δඞཁ͕͋Δ. ͜ͷγϛϡϨʔγϣϯ݁Ռ, ఏҊϓϥοτϑΥʔϜΛ༻͢Δ

͜ͱͰʮԆʯͱʮେ͖ͳऩ༰ʯͷཱ͕྆Ͱ͖Δ͜ͱΛ͓ࣔͯ͠Γ, ͻ͍ͯൣғͷ

U
p

E
S

 !"

CL 3,415,090 3,415,090 3,415,090 3,415,090

GW 62,093 62,093 62,093

CO 606 606

BS 67

BS CO GW CL

LoES !"
ਤ 6.4: UpESͷऩ༰
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U
p

E
S

 !"
CL 51,071 5,641 56 1

GW 51,131 5,695 55

CO 56,716 5,640

BS 51,076

BS CO GW CL

LoES !"
ਤ 6.5: Τοδαʔό

.ௐӡసʹඞཁͳཁ݅Λຬͨ͢͜ͱΛࣔ͢ڠ

6.4.2 UpESஔͷӨڹ

·ͨ, ਤ 6.2, 6.3, 6.4 ΑΓ, UpES ͷஔ͕ं྆ʹۙͮ͘΄Ͳ, LoES ʹΑΔ੍ޚൺ੍͕͞Ε,

UpES ʹΑΔ੍ޚൺ͕૿Ճ͢Δͷͷ, ऩ༰͕খ͘͞ͳΔ͜ͱ͕֬ೝͰ͖Δ. ͜ͷ͜ͱ,

UpES ͷஔΛௐ͢Δ͜ͱͰ UpES ͱ LoES ؒͷ੍ޚൺͱऩ༰ͷτϨʔυΦϑΛௐͰ

͖Δ͜ͱΛࣔ͢.

6.4.3 LoESஔͷӨڹ

ਤ 6.5ΛݟΔͱ, LoES͕ं͔྆ΒΕͨҐஔʹஔ͞ΕΔ΄Ͳ, Τοδαʔό͕গͳ͘ͳΓ,

ͻ͍ͯίετΛ੍Ͱ͖Δ͜ͱ͕֬ೝͰ͖Δ. ͦͷҰํͰ, ਤ 6.2ΛݟΔͱ, UpESΛΫϥυʹ

ஔ͠, LoESΛࣷہʹஔ͢Δͱ੍ࣗޚͷൺ͕ 0.6%Ͱ͋Δͷʹର͠, LoESΛήʔτΣΠ

ʹஔ͢Δͱ੍ࣗޚͷൺ͕ 2.9%ʹ·Ͱ૿Ճ͢Δ. ·ͨ, UpES ΛΫϥυʹஔ͠, LoES Λ

ஔ͠ͳ͍߹, ੍ࣗޚͷൺ͕ 7.2%ʹ·Ͱ૿Ճ͢Δ. ͜ΕΒͷ͜ͱ, LoESͷஔΛௐ

͢Δ͜ͱͰ, ԕ੍ִޚͱ੍ࣗޚͷ੍ޚൺͱΤοδαʔόͷτϨʔυΦϑΛௐͰ͖Δ͜ͱ

͕͔Δ.

Ҏ্ΑΓ, ൣғͷڠௐӡసγεςϜͷ࣮ݱʹඞཁͳ,ʮԆʯ͔ͭʮେ͖ͳऩ༰ʯͰ

͋Δԕ੍ִޚγεςϜΛఏҊϓϥοτϑΥʔϜʹΑͬͯߏஙͰ͖Δ͜ͱΛࣔͨ͠. ·ͨ, UpESͱ
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ਤ 6.6: ൺޚ੍ (UpES=Ϋϥυ, LoES=جہ)

LoESͷஔ͔Β, ,ൺͱΤοδαʔόޚ੍ ऩ༰ͷτϨʔυΦϑΛௐͰ͖Δ͜ͱΛࣔ͠

ͨ. Ҏ߱Ͱ, ΩϟϦΞผ੍ޚൺΛ͢ূݕΔ.

6.5 γϛϡϨʔγϣϯ݁Ռ (ΩϟϦΞผ) : ൺޚ੍

ਤ 6.6 ʹ UpES ΛΫϥυʹ LoES Λجہʹஔͨ͠ࡍͷ੍ޚൺΛࣔ͢. ԣ࣠௨৴ܦ࿏

ͷΩϟϦΞͱΫϥυαʔϏεͷུশ (ද ,র)Λࣔ͠ࢀ5.2 ॎ੍͕࣠ޚൺΛࣔ͢. ੨৭ͷόʔ͕

UpES ,ͷޚ੍ ৭ͷόʔ͕ LoES ,ͷޚ੍ ৭ͷόʔ੍͕ࣗޚͷൺΛࣔ͢. ॎ࣠ͷ੍ޚൺ

͕ 50%-100%Λද͍ࣔͯ͠Δͷ, શͯͷ݁ՌͰ 50%Ҏ্ͷ੍͕ޚ UpES ʹΑΔԕ੍ִޚͰ͋ͬ

ͨͨΊͰ͋Δ.

ਤ 6.6 ΛݟΔͱ, ௨৴ܦ࿏͕ҟͳΔͱ, େ੍͖͘ޚൺ͕ҟͳΔ͜ͱ͕֬ೝͰ͖Δ. ͍͔ͭ͘ͷ

௨৴ճઢ͕ෆ҆ఆͳΩϟϦΞͰ, ҆ఆ੍ͨ͠ޚΛͨ͏ߦΊʹ, ੍ࣗޚ LoES੍͕ޚଟ͘ͳΔ

.Δ͋ʹ ·ͨ, 33 ͷ௨৴ܦ࿏ͷ͏ͪ 28 ࿏͕ܦ 80%Ҏ্, 23 ࿏͕ܦ 90%Ҏ্ UpES ࣮͕ޚ੍

.Ͱ͖Δ͜ͱ͕֬ೝͰ͖Δݱ ͜ͷ͜ͱ͔Β, UpES ΛΫϥυʹஔͨ͠ͱͯ͠, ଟؒ࣌͘ଳΛ

UpESΑΓԕִं੍྆ޚͰ͖Δ͜ͱ͕͔Δ.

Ҏ߱ਤ 6.6ͱൺֱͯ͠, UpES, LoESͷஔ੍͕ޚൺʹ༩͑ΔӨڹΛൺֱ͢Δ.
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ਤ 6.7: ൺޚ੍ (UpES=ήʔτΣΠ, LoES=جہ)

6.5.1 UpESͷஔޮՌ (LoES=جہ)

ਤ 6.7, ਤ 6.8  UpES ΛήʔτΣΠ, .ൺΛࣔ͢ޚͷ੍࣌ஔͨ͠ʹࣷہ ਤ 6.7 ΑΓ UpES

ΛήʔτΣΠʹஔ͢Δͱ, ࿏ͷ͏ͪܦ33 ࿏͕ܦ32 80%Ҏ্, ࿏͕ܦ30 90%Ҏ্Ϋϥυ͔Β

,Ͱ͖ޚ੍ ਤ 6.8ΑΓ UpESΛࣷہʹஔ͢Δͱ, ΄΅શͯΛ UpES͔Β੍ޚͰ͖Δ͜ͱ͕֬ೝͰ

͖Δ. ͦͷҰํͰ, ਤ 6.6, 6.7, 6.8 ͷؒͰ੍ࣗޚͷൺେ͖͘มԽ͠ͳ͍. ͜ΕΒͷ͜ͱ͔Β,

UpESͷஔ͕ UpESͱ LoESʹΑΔԕ੍ִޚͷൺʹେ͖͘ӨڹΛ༩͑, UpESͷஔΛԼҐͷ

ωοτϫʔΫஔʹม͢ߋΔ͜ͱͰ, Ԇ੍͕͞Ε UpES ͷൺ͕૿Ճ͢Δ͜ͱ͕֬ೝͰޚ੍

͖ͨ.

Ұྫͱͯ͠, ਤ 6.9ʹ FB-౦ژେֶؒͷ௨৴ԆΛ༻͍ͨ, γϛϡϨʔγϣϯ݁ՌͷৄࡉΛࣔ͢.

ԣ͕࣠ܦաؒ࣌ (24 (ؒ࣌ Λ, ॎ͕࣠Ԇͷେ͖͞Λࣔ͢. ଌܭ͍ͯͮجʹͷ͕ԆϞσϧࠇ

Ԇ͔Βಋग़ͨࣗ͠ಈं-UpESؒԆͷେ͖͞Λࣔ͢. Ԇ͕ෛͷྖҬʹ͋Δ੨, , ͷͦΕ

ͧΕ UpES ,ޚ੍ LoES ,ޚ੍ ੍ࣗޚͷؒ࣌ଳΛࣔ͢. ਤ 6.9(a), (b), (c) ͦΕͧΕ UpES ͕Ϋϥ

υ, ήʔτΣΠ, .ஔ͞Ε͍ͯΔʹہج

ਤ 6.9(a)ΛݟΔͱ, όʔετύέοτϩε͕ݪҼͰॠؒతʹUpES੍͔ޚΒ, LoES੍ޚ, ੍ࣗ

,ΘΔέʔεͱΓʹޚ ௨৴ෛՙͷӨڹʹΑͬͯԆ͕େ͖͘ͳΔؒ࣌ଳͰظతʹ LoES ੍

.Δέʔε͕֬ೝͰ͖Δ͢ߦҠʹޚ ਤ 6.9(a) ͱൺֱͯ͠ (b) ΛݟΔͱ, UpES ΛΫϥυ͔Βήʔ
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ਤ 6.8: ൺޚ੍ (UpES=ࣷہ, LoES=جہ)

τΣΠͱҠಈͤ͞Δ͜ͱͰ, ௨৴Ԇ੍͕͞Ε, ͱؒͷࠒ8:30 LoES੍ޚͷଟ͘ͷ෦͕,

UpES੍ޚΛ࣮ݱͰ͖ΔΑ͏ʹͳͬͨ͜ͱ͕֬ೝͰ͖Δ. ͞Βʹ, ਤ 6.9(c)ΑΓ, UpESΛࣷہʹҠ

ಈͤ͞Δ͜ͱͰ, ಥൃతͳόʔετύέοτϩεΛআ͘ͱ LoES੍ޚͰ͖Δ͜ͱ͕֬ೝͰ͖Δ. ݴ

,Δͱ͍͑ ͜ͷ͜ͱ, ಥൃతͳόʔετύέοτϩεͷճආʹ੍͕ࣗޚඞਢͰ͋Δ͜ͱΛ

ࣔ͢ɽ

Ҏ্ΑΓ, ʮUpES ͷஔΛԼҐͷωοτϫʔΫஔʹม͢ߋΔ͜ͱͰ, Ԇ੍͕͞Ε UpES

,ͷൺ͕૿Ճ͢Δ͜ͱʯޚ੍ ʮಥൃతͳόʔετύέοτϩεͷճආʹ੍͕ࣗޚඞਢͰ͋

Δ͜ͱʯΛࣔͨ͠.
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ਤ 6.9: FBʵ౦ژେֶͷ੍ޚൺ (LoES=جہ)
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ਤ 6.10: ൺޚ੍ (UpES=Ϋϥυ, LoES=ແ͠)

6.5.2 LoESͷஔޮՌ (UpES=Ϋϥυ)

ਤ 6.10, 6.11, 6.12ͦΕͧΕ LoES͕ଘ͠ࡏͳ͍߹, ήʔτΣΠʹஔ͞Ε͍ͯΔ߹, ہ

ࣷʹஔ͞Ε͍ͯΔ߹ͷ੍ޚൺΛࣔ͢ (UpESΫϥυʹஔ).

ਤ 6.10ΑΓ, ࿏ͷܦ33 ࿏Ͱܦ5 20%Ҏ্ͷ, ࿏Ͱܦ10 10%Ҏ্ͷ੍͕ࣗޚඞཁʹͳΔ. ͜

ΕΒ͍ͣΕMVNOͷ௨৴ܦ࿏Ͱ͋ΔͨΊ, MVNOͷ௨৴ܦ࿏Ͱ, LoESΛஔ͢Δ͜ͱͳ͘

ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔ͜ͱ͕ࠔͰ͋Δ͜ͱΛࣔ͢.

ͦͷҰํͰ, ਤ 6.11 Ͱ 1 ࿏Ͱܦ 20%Ҏ্ͷ, 5 ࿏Ͱܦ 10%Ҏ্ͷ੍͕ࣗޚඞཁʹͳΓ, ਤ

6.12 Ͱશ௨৴ܦ࿏ʹͯ, ਤ 6.6 ͱಉ·Ͱ੍ࣗޚΛ੍Ͱ͖͍ͯΔ. ͜ͷ͜ͱ, ԕִࣷہ

.ͱΛࣔͭ࣋͢͜Δ্Ͱेখ͞ͳԆΛ͢ݱΛ࣮ޚ੍

Ұྫͱͯ͠, ਤ 6.13ʹ FB-౦ژେֶؒͷ௨৴ԆΛ༻͍ͨ, γϛϡϨʔγϣϯ݁ՌͷৄࡉΛࣔ͢.

ਤ 6.13(a), (b), (c)ͦΕͧΕ LoES͕ʮແ͠ʯ,ʮήʔτΣΠʯ,ʮࣷہʯʹஔ͞ΕΔ߹ͷ݁

ՌΛࣔ͢. ,ͷࠇ ਤ 6.9ͱҟͳΓ, ԆϞσϧʹܭ͍ͯͮجଌԆ͔Βಋग़ͨࣗ͠ಈं-LoES

ؒԆͷେ͖͞Λࣔ͢ (ͨͩ͠, ਤ 6.13 (a) LoES͕ແ͍ͨΊ, ࣗಈं-UpESؒԆΛදࣔ͢Δ).

ਤ 6.13(a)Ͱ, Ԇ͕େ͖͘ͳΔؒ࣌ଳશ੍ͯࣗޚΛ͏ߦ. ͦΕʹରͯ͠, ਤ 6.13(b)Ͱ,

Ԇͷେ͖͍ؒ࣌ଳͷఔΛ LoES੍͕ޚସ͠, ਤ 6.13(c)Ͱ, ΄΅ LoES੍͕ޚସ͢Δ.

Ҏ্ΑΓ, ʮLoESΛஔ͢Δ͜ͱͰ੍ࣗޚΛ੍͢Δ͜ͱ͕Ͱ͖, ͦͷஔ͕ԕ੍ִޚͱࣗ
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ਤ 6.11: ൺޚ੍ (UpES=Ϋϥυ, LoES=ήʔτΣΠ)

੍ޚͷൺʹӨڹΛ༩͑Δ͜ͱʯ, ʮࣷہԕ੍ִޚΛ࣮͢ݱΔ্Ͱेখ͞ͳԆΛͭ࣋͜

ͱʯΛࣔͨ͠.
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ਤ 6.12: ൺޚ੍ (UpES=Ϋϥυ, LoES=ࣷہ)

ਤ 6.13: FBʵ౦ژେֶͷ੍ޚൺ (UpES=Ϋϥυ)
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ਤ 6.14: LoESͷஔม࣌ߋͷ੍ࣗޚൺͱΤοδαʔό (UpES=Ϋϥυ)

6.6 ͍ͯͭʹదͳΤοδαʔόஔ࠷:ߟ

ຊઅͰ, ఏҊϓϥοτϑΥʔϜ͕େ͖ͳऩ༰ͱԆॲཧΛཱ྆Ͱ͖Δ࠷దͳΤοδαʔ

όͷஔʹ͍ͭͯ͢ߟΔ.

6.6.1 UpESͷஔ

ଌఆͨ͠શ௨৴ܦ࿏ͷฏޚ੍ۉൺʢਤ 6.2) ΑΓ,UpESஔʹ߆Βͣ 90%Ҏ্ͷ੍ޚൺΛ

,Ίͨͭ࣋ ͦͷதͰ࠷େͷऩ༰Λͭ࣋ΫϥυΛ UpESͷ࠷దͳஔͱ͢Δ.

6.6.2 LoESͷஔ

LoESͷஔΛܾఆ͢ΔͨΊʹ, UpESͷஔΛΫϥυʹݻఆͨ͠͏͑Ͱ, LoESͷϩέʔγϣ

ϯύϥϝʔλ (αlo) Λ 0.0 ͔Β 1.0 ·Ͱ 0.05 .ൺΛධՁ͢ΔޚΈ1ͰมԽ੍ͤͯ͞ࠁ ਤ 6.14 ʹ,

LoESͷஔม࣌ߋͷ੍ࣗޚͷ੍ޚൺͱΤοδαʔόΛࣔ͢. ԣ͕࣠ LoESͷϩέʔγϣϯ

10, 0.05, ..., 0.4, 0.431, 0.45, ..., 0.85, 0.862, 0.9, 0.95, 1.0
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ύϥϝʔλ (αlo)Ͱ͋Γ, ,ൺΛޚଆͷॎ੍͕࣠ࠨ ӈଆͷॎ͕࣠ΤοδαʔόΛࣔ͢. ·ͨ, CL

͕Ϋϥυ, GW͕ήʔτΣΠ, CO͕ࣷہ, BS͕جہʹ LoES͕ஔ͞Εͨ࣌ͷ݁ՌΛࣔ͢.

ਤ 6.14ΛݟΔͱ, αlo͕ 0.5ҎԼͳΒ, LoESΛجہʹஔͨ͠߹ͱಉͷ੍ࣗޚൺͱͳ

Δ͜ͱ͕֬ೝͰ͖Δ. ͦͷҰํͰ, ඞཁͱͳΔΤοδαʔό LoES͕جہʹஔ͞ΕΔ߹

ͱൺֱͯ͠, ߹ஔ͞ΕΔʹࣷہ 11%, ήʔτΣΠʹஔ͞ΕΔ߹ 0.1%ͷͱͳΔ. ͨͩ

͠, ήʔτΣΠʹஔ͞ΕΔ߹, αlo ͕ 0.5 Λ͓͑ͯΓ, ੍ࣗޚͷൺ͕૿Ճ͍ͯ͠Δ. 

,ͷൺΛԼ͛Δඞཁ͕͋ΔͨΊޚΓ੍ࣗݶΔͨΊʹՄͳ͢ݱௐӡసΛ࣮ڠғͷൣ ຊ

จͰ, దͳ࠷ LoESͷஔΛࣷہͱ͢Δ.

Ҏ্ΑΓ, UpESΛΫϥυʹ, LoESΛࣷہʹஔ͢Δ͜ͱͰ, ΤοδαʔόஔͷίετΛ

੍ͭͭ͠, .Ͱ͖Δ͜ͱΛࣔͨ͠ݱେͷऩ༰ͱԆΛཱ྆͢ΔఏҊϓϥοτϑΥʔϜΛ࣮࠷

6.7 ·ͱΊ

,ʹங͢ΔͨΊߏௐӡసγεςϜΛڠғͷൣ ༷ʑͳ௨৴ΩϟϦΞͷ࣮௨৴ԆΛ༻͍ͯఏҊ

ϓϥοτϑΥʔϜͷγϛϡϨʔγϣϯධՁΛͨͬߦ.

γϛϡϨʔγϣϯͷ݁Ռ, ʮฏۉతͳ௨৴ܦ࿏Ͱ UpES Λ࠷େͷऩ༰Λͭ࣋Ϋϥυʹ

ஔͯ͠ 90%Ҏ্ͷؒ࣌ଳͰ੍͕ޚՄͰ͋Δ͜ͱʯ, ʮ LoES Λࣷہɾجہʹஔ͢Δ͜

ͱͰ੍ࣗޚͷ੍ޚൺΛ 0.6%ʹ·Ͱ੍Ͱ͖Δ͜ͱʯ͔ΒൣғͷڠௐӡసγεςϜͷ࣮

.ՄੑΛࣔͨ͠ݱ

,ʹ࣍ ΩϟϦΞຖͷγϛϡϨʔγϣϯ݁ՌΑΓ, ʮಉ͡Τοδαʔόͷஔͩͱ, ͦͷ௨৴ܦ࿏

ͷಛੑʹΑ੍ͬͯޚൺେ͖͘ҟͳΔ͜ͱʯ,ʮ UpESͷஔΛௐ͢Δ͜ͱͰ, UpESͱ LoES

ؒͷ੍ޚൺͱऩ༰ͷτϨʔυΦϑΛௐͰ͖Δ͜ͱʯ, ʮLoES ͷஔΛௐ͢Δ͜ͱͰ,

ԕ੍ִޚͱ੍ࣗޚͷ੍ޚൺͱΤοδαʔόͷτϨʔυΦϑΛௐͰ͖Δ͜ͱʯ, ʮ UpES,

LoESͷஔΛௐͯ͠, ಥൃతͳόʔετύέοτϩε੍Ͱ͖ͳ͍ͨΊ, ੍͕ࣗޚඞਢ

Ͱ͋Δ͜ͱʯΛ֬ೝͨ͠.

,ʹޙ࠷ దͳ࠷ UpES/LoES ͷஔʹ͍ͭͯݕ౼͠, UpES ΛΫϥυʹ, LoES Λࣷہʹஔ͢

Δ͜ͱͰ, ΤοδαʔόஔͷίετΛ੍ͭͭ͠, େͷऩ༰ͱԆΛཱ྆͢ΔఏҊϓ࠷

ϥοτϑΥʔϜΛ࣮ݱͰ͖Δ͜ͱΛࣔͨ͠.
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,ষͰ࣍ ຊത࢜จͷ݁Λ·ͱΊΔ.

94



ୈ 7ষ

݁

ຊจͰ, ൣғͷڠௐӡసγεςϜΛߏங͢ΔͨΊͷ̏ͭͷ՝

• ϓϥοτϑΥʔϜʹؔ͢Δ՝

• ϓϥοτϑΥʔϜͷධՁʹؔ͢Δ՝

• ࣮௨৴ڥͷదԠʹؔ͢Δ՝

Λఏࣔ͠, ͦΕͧΕΛ

• ϓϥοτϑΥʔϜఏҊ

• ςετϕουߏஙɾධՁ

• ࣮௨৴ڥͷଌఆɾධՁ

ʹΑΓղܾΛ͜͏ߦͱͰ, ൣғͷڠௐӡసγεςϜͷ࣮ݱՄੑΛࣔͨ͠. ҎԼͰ, ·ͣຊ

จͷ૯Λ·ͱΊ, ଓ͚ͯޙࠓͷ՝ʹ͍ͭͯड़Δ.

7.1 ·ͱΊ

7.1.1 ϓϥοτϑΥʔϜఏҊ

ఏҊ͢ΔʮΠϯϑϥޚ੍྆ंܕϓϥοτϑΥʔϜʯ, ଟʹΤοδαʔόΛஔ͢Δʮωο

τϫʔΫΞʔΩςΫνϟʯͱ, ͦͷଟΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈंʹΑΔ੍ࣗޚΛ
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࿈ͨͤ͞ܞʮं੍྆ޚΞʔΩςΫνϟʯʹΑͬͯߏ͞ΕΔ. ຊจͰ, ଟΤοδαʔό

UpES, LoESͷ 2Ͱߏ͞Ε, ͦΕΒͷΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈंͷ੍͕ࣗޚ࿈ܞ

ͯ͠, .Δ͢ݱΛ࣮ޚ੍྆ं

·ͨ, 2ͷΤοδαʔόʹΑΔԕ੍ִޚͱࣗಈंͷ੍ࣗޚΛ, ௨৴ͷঢ়گʹԠͯ͡Γ͑

Δख๏ఏҊͨ͠. ఏҊ͢Δख๏Ͱ, ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊʹ, Մ

ͳݶΓ্ҐͷΤοδαʔό͔Β੍ޚΛ͍ߦ, ं྆ͷ੍ࣗޚΛ੍͢Δ.

,ʹޙ࠷ ఏҊϓϥοτϑΥʔϜ͕ಈ͢࡞ΔωοτϫʔΫτϙϩδʹ͍ͭͯݕ౼͠, Ҡಈମ௨৴

ͷ֤ωοτϫʔΫஔͷʮ௨৴Ԇʯ,ʮΤοδαʔόʯ,ʮऩ༰ʯʹؔ͢ΔτϨʔΦ

ϑΛ౷ܭใͱ௨৴ϞσϧΑΓಋ͍ͨ.

7.1.2 ςετϕουߏஙɾධՁ

ఏҊϓϥοτϑΥʔϜ͕҆ఆͯ͠ं྆Λ੍ޚͰ͖Δ͔ධՁ͢ΔͨΊʹ, ෳͷΤοδαʔό͔

ΒϚΠΫϩΧʔͷԕ੍ִޚΛ࣮ݱͰ͖ΔςετϕουΛߏங͠, ධՁΛͨͬߦ.

ςετϕου࣮ंͷ 1/10 εέʔϧͷϚΠΫϩΧʔΛ༻͍Δ MPT ͱ, UpES ͓Αͼ, LoES Λ

Δ͢ݱ࣮ FLARE, UpES ͱ LoES ͷؒͰ࣮௨৴ԆΛ͢ݱ࠶Δ WAN ΤϛϡϨʔλͰߏ͞Εͯ

͍Δ.

ςετϕουΛ༻͍ͨධՁʮجຊಛੑධՁʯͱʮ࣮௨৴ಛੑධՁʯͷ 2छྨΛͨͬߦ. ຊಛج

ੑධՁͰ, WANΤϛϡϨʔλ্ͰʮఆৗԆʯ,ʮϥϯμϜύέοτϩεʯ,ʮόʔετύέο

τϩεʯΛՃ͑, ԕ੍ִޚͷجຊతͳ௨৴ෛՙʹର͢ΔಛੑΛධՁͨ͠. ,ຊಛੑධՁʹΑΓج Լ

.ͷ݁ՌΛಘͨه

• ं྆-ΤοδαʔόؒͷఆৗԆ͕ 100msҎԼͳΒେ͖ͳيߦͷͣΕ͕ൃੜ͢Δ͜ͱͳ

͘Τοδαʔό͔Βं྆ͷԕ੍ִޚΛ࣮ݱͰ͖Δ

• όʔετύέοτϩεͷ͕ؒظ 400ms ҎԼͳΒ, Τοδαʔό͔Β҆ఆͨ͠ԕ੍ִ࣮͕ޚ

Ͱ͖Δݱ

• ϥϯμϜύέοτϩε͕ 10%ҎԼͳΒ, Τοδαʔό͔Β҆ఆͨ͠ԕ੍ִޚΛ࣮ݱͰ͖Δ

·ͨ, Ҏ্ͷ݁ՌΑΓ, ఏҊϓϥοτϑΥʔϜ͕҆ఆͯ͠ԕ੍ִޚɾ੍ࣗޚΛՄͳԆᮢ

 (Lhth = 100, Llth = 70)ͱόʔετύέοτϩεᮢ (Nburst = 3)Λܾఆͨ͠.
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࣮௨৴ಛੑධՁͰ, ,ଌ͠ܭଳͱΫϥυαʔϏεͷؒͰऴ௨৴σʔλΛܞ ଌσʔλܭ

ͷதͰԆͷมԽ͕ܹ͍ؒ࣌͠ଳͷ௨৴ԆΛ WAN ΤϛϡϨʔλͰ͠ݱ࠶, ԕ੍ִޚͷධՁΛ

.ͨͬߦ ࣮௨৴ಛੑධՁʹΑΓ, .ͷΑ͏ͳ݁ՌΛಘͨ࣍

• ,͍ͯ༺ʹᮢຊಛੑධՁͰಋ͍ͨج UpES/LoES Λ͑ͳ͕Βԕ੍ִޚΛ͜͏ߦͱ

Ͱ, LoES͚ͩͷԕ੍ִޚͱಉͷ҆ఆ੍ޚΛ࣮ݱͰ͖Δ

7.1.3 ࣮௨৴ڥͷଌఆ/ධՁ

࣮௨৴ڥΛྀͨ͠ߟධՁΛͨ͏ߦΊʹ, ༷ʑͳΫϥυαʔϏε, ΩϟϦΞΛ༻࣮ͯ͠௨৴

ԆσʔλΛଌఆ͠, ఏҊϓϥοτϑΥʔϜͷं੍྆ޚγϛϡϨʔγϣϯΛͨͬߦ.

࣮௨৴ڥͷଌఆͰ, ̏ͭͷΫϥυαʔϏεʹରͯ͠, 11 ͷΩϟϦΞͷ௨৴Ͱ࣮Ԇ

σʔλΛଌఆ͠, ύέοτϩεͱ௨৴Ԇʹ͍ͭͯධՁͨ͠. ධՁͷ݁Ռ, ҎԼͷ݁ՌΛಘͨ.

• େنͳΫϥυαʔϏεΩϟϦΞͱΠϯλʔωοτΛܦ༝͢Δ͜ͱͳ͘ଓ͢Δ

ύεΛͭ࣋

• MNOͷ 3ࣾύέοτϩεΛൃੜͤ͞ʹ͍҆͘ఆͨ͠ωοτϫʔΫΛͭ࣋

• ௨৴ෛՙ͕ूத͢Δؒ࣌ଳͰ, େ͖͘Ԇ͕૿Ճ͢Δ௨৴ܦ࿏͕ଘ͢ࡏΔ

• ௨৴Ԇͷʹؒ࣌ଳʹΑΔภΓ͕ଘ͢ࡏΔ௨৴ܦ࿏͕ଘ͢ࡏΔ

,γϛϡϨʔγϣϯͰޚ੍྆ं UpES ͱ LoES ͷஔΛҠಈମ௨৴ͰมԽͤ͞, ଌͨ͠ܭ

શ௨৴ܦ࿏ʹͯʮUpES੍ޚʯ,ʮLoES੍ޚʯ,ʮ੍ࣗޚʯͷ੍ޚൺΛධՁͨ͠. ·ͨ, γϛϡ

Ϩʔγϣϯ݁ՌͱΤοδαʔόͱऩ༰ͷੵݟΓ݁Ռ͔Β, ΤοδαʔόஔͷτϨʔυ

ΦϑΛͨ͠ূݕ.

ධՁͷ݁Ռ, ҎԼͷΑ͏ͳ݁ՌΛಘͨ.

• UpES Λ࠷େͷऩ༰Λͭ࣋Ϋϥυʹஔͯ͠, ฏۉతͳ௨৴ܦ࿏Ͱ, 90%Ҏ্ͷ

ՄͰ͋Δ͕ޚଳͰ੍ؒ࣌

• LoESΛࣷہɾجہʹஔ͢Δ͜ͱͰ, ฏۉతͳ௨৴ܦ࿏Ͱ, ੍ࣗޚͷ੍ޚൺΛ 0.6%

ʹ·Ͱ੍Ͱ͖Δ
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• UpESͷஔΛௐ͢Δ͜ͱͰUpESͱ LoESؒͷ੍ޚൺͱऩ༰ͷτϨʔυΦϑΛௐ

Ͱ͖Δ

• LoESͷஔΛௐ͢Δ͜ͱͰ, ԕ੍ִޚͱ੍ࣗޚͷ੍ޚൺͱΤοδαʔόͷτϨʔ

υΦϑΛௐͰ͖Δ

• UpES, LoESͷஔΛௐͯ͠, ಥൃతͳόʔετύέοτϩε੍Ͱ͖ͳ͍ͨΊ, ࣗ

ඞਢͰ͋Δ͕ޚ੍

,ʹޙ࠷ ,͠౼ݕ͍ͯͭʹదͳUpES/LoESͷஔ࠷ UpESΛʮΫϥυʯʹ, LoESΛʮࣷہʯʹ

ஔ͢Δ͜ͱͰ, ΤοδαʔόஔͷίετΛ੍ͭͭ͠, େͷऩ༰ͱԆΛཱ྆͢Δఏ࠷

ҊϓϥοτϑΥʔϜΛ࣮ݱͰ͖Δ͜ͱΛࣔͨ͠.

Ҏ্Λ·ͱΊΔͱ, 3ͭͷ՝ʹରͯ͠,

• ൣғͷڠௐӡసγεςϜΛ࣮͢ݱΔͨΊͷϓϥοτϑΥʔϜΛఏҊ

• ςετϕουʹΑΔධՁ͔Β, ఏҊϓϥοτϑΥʔϜ͕҆ఆͯ͠ಈ͢࡞Δ݅Λཱ֬

• γϛϡϨʔγϣϯʹΑΔධՁ͔Β, ൣғͷηϯαใऩूͱԆ௨৴Λཱ྆Մͳఏ

ҊϓϥοτϑΥʔϜͷ࣮ڥஔͷಋग़

Λ࣮ͨ͜͠ݱͱʹΑΓ, ൣғͷڠௐӡసγεςϜͷ࣮ݱՄੑΛࣔͨ͠.

7.2 ͷ՝ޙࠓ

.ࣔ͢ʹͷ՝ΛҎԼޙࠓ

• ଟΤοδαʔόϞσϧͷ֦ு

• 5GڥͰͷධՁ

• CORD[47]্Ͱͷ࣮

• ϩʔΧϧ 5G[76]ͱͷ࿈ܞ
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7.2.1 ଟΤοδαʔόϞσϧͷ֦ு

ຊจͰ, ଟΤοδαʔόͷதͰҰ൪୯७ͳϞσϧͰ͋Δ 2ΤοδαʔόΛݕ౼͠, ෳ

ϨΠϠʹΤοδαʔό͕͋Δ߹ͷޮՌΛ͖ͨͯ͠ূݕ. ͦͷҰํͰ, ઃඋࢿίετ͕ڐ༰

Ͱ͖ΔͳΒ, ଟஈʹΤοδαʔόΛஔ͠, ԕ੍ִޚͷΓ͑Λ͕ํ͏ߦॊೈͳରԠ͕ՄͰ

͋Δ. ·ͨ, ຊωοτϫʔΫϞσϧͰ༗ઢωοτϫʔΫͷΞʔΩςΫνϟΛ୯७Խ̐͠ʢج

,ήʔτΣΠ-ΫϥυʣͷωοτϫʔΫΞʔΩςΫνϟͱ͕ͨ͠-ࣷہ-ہ ʹࡍ࣮ 4 ΑΓଟ

͘ͷωοτϫʔΫஔ͕ं྆-ΫϥυؒωοτϫʔΫதʹଘ͢ࡏΔ. ͦ͜Ͱ, ຊϓϥοτϑΥʔ

ϜΛࣾձʹదԠ͢ΔͨΊʹ, 2 ͷϞσϧΛଟʹ֦ு, ఆࣜԽ͠, ঢ়گʹԠͯ͡Τοδαʔό

ΛมߋͰ͖Δ൚༻తͳं੍྆ޚΞʔΩςΫνϟΛߏங͢Δ.

7.2.2 5GڥͰͷධՁ

ຊจͷςετϕουධՁͰ, ແઢ௨৴ʹWi-FiΛ༻ͨ͠. ͔͠͠, ,߹దԠ͢Δʹڥ࣮

ແઢ௨৴ 5GͱͳΔ. 5GͷURLLCΛྀ͢ߟΔͱ, ௨৴ԆWi-Fiͱಉఔ͔ͦΕҎԼͱͳΔ

͜ͱ͕ఆ͞ΕΔ͕, ʹࡍ࣮ 5GڥΛಋೖ͠ԕ੍ִޚͷཱੑʹ͍ͭͯධՁΛ͏ߦඞཁ͕͋Δ.

7.2.3 CORD্Ͱͷ࣮

ຊจͰ, UpES ΛΫϥυʹ LoES Λࣷہʹஔ͢Δ͜ͱ͕, ௐӡసγεςϜΛڠғͷൣ

.దͰ͋Δͱ͚݁ͮͨ࠷Δ͏͑Ͱ͢ݱ࣮ ͦͷҰํͰ, ,ࡏݱ ,ೝࣝ͞Ε͓ͯΓ࠶ͷॏཁੑ͕ࣷہ

CORDʢCentral Office Rearchitected as a Datacenterʣ[47] ͱݺΕΔ։ൃϓϩδΣΫτʹ͕

ू·͍ͬͯΔ. CORD, ,ઃඋΛࣷہ͞ΕΔߏདྷϋʔυΣΞͰݩ σʔληϯλͱιϑτΣ

Ξʹஔ͖͑Δ͜ͱΛඪͱ͍ͯ͠Δ. ຊϓϥοτϑΥʔϜΛCORDͰಈ͢࡞Δܗʹ࣮͢Ε,

Ϋϥυʕࣷہͱ͍͏ఏҊ͢Δஔͱಉ༷ͷڥͰϓϥοτϑΥʔϜΛಈͤ͞࡞Δ͜ͱ͕Մʹ

ͳΔ.

7.2.4 ϩʔΧϧ 5Gͱͷ࿈ܞ

ຊจͷఏҊϓϥοτϑΥʔϜΛ༻͍ͯ, ൣғͷڠௐӡసγεςϜΛ࣮ࣾձͰ͢ߦࢼΔͨ

Ίʹ, 5G௨৴Λར༻ͨ͠αʔϏεఏڙඞཁෆՄܽͰ͋Δ. ͦͷҰํͰ, ࠃΑΔશʹऀۀࣄଳܞ

,ͷαʔϏεల։Ͱܥ IoTࣗಈӡసͷΑ͏ͳݸผͷχʔζʹରԠͰ͖ͳ͍.
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ͦ͜Ͱࡏݱ, ϩʔΧϧ 5G[76] ʹ͕ू·͍ͬͯΔ. ϩʔΧϧ 5G Ҭχʔζݸผχʔζ

ʹԠͯ͡, ༷ʑͳओମ͕ 5GΛ׆༻ͨ͠γεςϜΛಋೖͰ͖Δ੍Ͱ͋Γ, Ҏ֎ͷ༷ʑऀۀࣄଳܞ

ͳۀاํ࣏ࣗମ͕ 5GΛ༻͍ͨγεςϜΛߏங͢Δ͜ͱ͕ՄʹͳΔ.

ϩʔΧϧ 5GΛར༻ͯ͠ຊγεςϜΛ͍ͯ͘͜͠ߦࢼͱͰ, ൣғͷڠௐӡసγεςϜͷࣾձ

࣮ʹͭͳ͍͛ͨ.

Ҏ্ͷ՝ʹՃ͑ͯ, ຊڀݚͰରͱͨ͠ൣғͷڠௐӡసγεςϜͷΑ͏ʹ, ,ޙࠓ ͞Βʹ

ෳࡶԽ͢ΔγεςϜΛ࣮͢ݱΔͨΊʹ, ԣஅతʹࣄΛͱΒ͑Δ͜ͱ͕ॏཁͰ͋Δ. ͜ͷ͜ͱΛ

ҙࣝ͠ͳ͕Β, ,ಈ׆։ൃڀݚͷޙࠓ ٕज़ใͷൃ৴ʹΊ͍ͨ.
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