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2.6 5G ̂5GDÑ ...................................................... 50 

҈ȁ  57 ............................................................. ל

3.1 FlexE  57 ........................................................................ ל

3.2 TSN  58 .......................................................................... ל

3.3 DetNet59 ...................................................................... ל 

3.4 DIP  60 ........................................................................... ל

3.5 DetWiFi62 .................................................................... ל 



                      

IV 

3.6 5GDN  63 ....................................................................... ל

ȁ ‰ ..................................................................... 65 

4.1 FlexE‰ ................................................................................ 65 

4.2 TSN‰ .................................................................................. 66 

4.3 DetNet‰ .............................................................................. 67 

4.4 DIP ‰ ........................................................................... 71 

4.5 DetWiFi‰ ............................................................................ 72 

4.6 5GDN‰ ............................................................................... 74 

ԓȁ ҍ ᶛ ......................................................... 76 

5.1  .................................................................................. 76 

5.2 ᶛ .................................................................................. 79 

Έȁ ҙ  ............................................................. 85 

6.1 ҳ  ...................................................................... 85 

6.2 ⅞№ .......................................................................... 87 

6.3  .......................................................................... 90 

҂ȁ  ..................................................................... 92 

A̔ ҍ  .......................................................................... 93 

 .................................................................................................. 95 



                   

1 

҅ɻ  

1.1  

ץ 20ҕ 70 ף ץ ̆ ԍῒ

└ȁҌ ץ Ὶ ᶏ Ȃ ץ̆╠

ҙ Ȃ 

ῃ ꜚ ᵀ ⌠̆2020ῃ IP

῀ 263ַ̆ ῒҬ ҙ 122ַ̆ ԍ

ѿ ̆ ԑ ῃ ԑ 60%Ȃ

ҙⱵ̆ ᴰ ȁ Ḥ̆ ԅ ȁ

№ ȁ ᴰ ꜚ̆ᴰ ץ ľ ⱬ ҹĿ ᴰ

̆ ⌠ ⁞ ⌠₃ Ȃᵖ ῐҙⱵ̆ᶛ

ȁ ȁ ֜ ȁ ҙ └ȁ ῾ҙȁ ȁ

ֲ ȁVR ȁ Ⱶ ̆ ⌠ └ ⌠

₃ ̆ ꜚ └ ̆ └ ץ99.9999%

҉Ȃ ̆ ℗ ѿ ᶫľ‰ ȁ‰ Ŀ ᴰ Ⱶ

ѿף [1][20][25]Ȃ 

Ⱶ ̂Quality of ServicĕQoS̃ ץ ᶫľ‰ ȁ‰

Ŀ ᴰ Ⱶ Ȃԓ ῖ QoS ̔γ ̂҉

ȁ̃ᵞ ꜚ̂҉ ȁ̃ᵞҡ ̂҉ ȁ̃ ̂҉Ҋ



                   

2 

ȁ̃ ̂Ҋ Ȃ̃ 1-1 ԓ ῖ QoSȂ

̂Deterministic Networking̃ ᶫ Ⱶ

̆ ץ ҉ҹ ҙⱵ ᶫ ⌠ Ⱶ Ḡ

ѿ [1] [20] [25]Ȃ 

₦
ꞌ

Ὴả

і
₦
ꞌ

Ѣץꞌ

і

₦
ꞌ

ṾḴ

і
₦
ꞌ

ᴵ ớ

її

 
1-1 ԓ ῖ Ⱶ ̔ ȁ ꜚȁҡ ȁ ȁ  

[1][2][10][11][20][25]̔ ᶫ Ⱶ ̆

℗ Ⱶ Ⱶ̆ Һ └ ᶫ Ⱶ

̆ῃ ֟ҙ ̆ Ḥȁ ȁ

ȁֲ ȁ ҙԑ ȁ῾ҙԑ ȁ Ⱶҙ ̆

Ḥ Ⱶ ῀֟ҙѿ └ ᶫ Ⱶ̆

Ⱶ ⱬѿᵣ ҍ ῃ Ȃ 

1.2 ӎ 

̂1̃ ׆ ̔ ѿף Ḥᵣ

̆ ȁ ҙȁ῾ҙ Ⱶҙ ꜚⱬȂ ľ



                   

3 

+Ŀ ֟ҙ ҙ ȁ ȁ

ѿ ΐ ӈȂ 

̂2̃ ׆ ̔ ᾢ ף ̆ ᶫ

Ⱶȁ ҹ̆ Ḥ └

ᶫ Ȃ 

Ḥ ף Ȃ ץ ӎ

ᴰ Ḡ └ȁῃ └ȁ Ḡ └ȁ

└ ̆ Ḡץ Ⱶ Ȃ ȁ ȁ

ȁ ȁ ȁ ℗ ̆ ץ

Ⱶ̆ ҹ Ḥ Ȃ 

̂3̃ ׆ ȁ֟ҙ ̔ ̆ ץ

ꜚ└ ҙ̂ ̆ ḱ̃̆ ҙ̂ ד ̆ ֲ

̃̆ ҙ̂ ȁ ȁ֜ ̃̆ ҙ̂AR/VR̃̆

ҙ̂ / ̃̆῾ ҙ̂ ῾ ȁ ֟ ȁ Ῑ ̃̆

Ⱶҙ̂ ȁ Ⱶ └ȁ ̃ ȁ Ȃ

ᶛ ̆ ԍ ҙ └ ̆ 1-1 ԅῒ Ⱶ Ȃ 

1-1 № ҙ└ Ⱶ [2] 

  ꜚ  ᴰ  

└ 5  - 99.999%, 10 MbpsD  

ꜚ ꜚ └ 1  1  99.9999%, 1 Mbps ⌠10 MbpsD  

ꜚ  10  1  99.99%, 10 Mbpsᴰ  

ꜚ └ 50  20  99.9999%, 1 Mbps ⌠100 Mbps ᴰ  

ꜚ  50  20  99.999999%, 1 Mbps ᴰ  

Ḥȁ ȁ ȁ ȁ ȁ ꜚ
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̆ῃ ῾ҙȁ ҙȁ ⱵҙӞ ₮ ꜚ Ȃҹԅ

̆ ҩ֟ҙ ֟ ᶫ Ⱶ └ ֟

ᶫ Ⱶ Ȃ Ҍ ȁ Ḇ̆ף

ᶏ ҩ֟ҙ ᴧ ȁ ᾝ ȁ └ Ȃ ̆ҹԅ

֟ȁ Ⱶ ⱬ ̆҈ ֟ҙ ȁ Ȃ

ῐ ֲ ȁ ȁ ȁ ȁԐ ȁ ֲ

+ ̕ ̆῾ҙȁ ҙȁ Ⱶᴑҙ ῤ ȁ ȁ ԑ

Ḥ Ȃף ӊ̆֟ Ⱶ └

ҍ֟ҙ ₮ΐᵣ Ȃ 

̂4̃ ֟׆ ȁ Ⱶ ⱴṿ ̔ ֟ҙ Ḥ

ȁ ֟└ ⱬȁ Ⱶ ȁ Ⱶ ⱬ ᴇ

ṿ̆ ₮ Ȃ 

ҹ ҩ֟ҙ ȁῈ ȁ ֟ Ⱶ

ⱴṿ ᶫ Ȃ ֟ҙ ȁῈ ľ +Ŀ ̆

֟ ⱬȁ└ ⱬȁ Ⱶ ⱬȁ֟ Ⱶ └ ⱬ ̆

֟ Ⱶ ⱴṿ̆ ꜚ ҩ ҙ Ȃ 

Ḥ Ⱶ Ȃ Ḥ

̆ Ḥ֟ҙ ҉Ҋ ҹ ᶫ ȁ

ȁҩ ֟ Ⱶ̆ ῀ Ȃ ҙȁ῾ҙȁ

Ⱶҙ֟ṿ ȁ ̆ ᶫ Ⱶ̆

Ḥ ץ ῀ ֟ ѿ ̆ Ⱶ Ⱶ Ȃ 

Ḥ Ⱶᴇṿ ᶭ Ȃ Ҥ
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└ ⌠ ꜚȁ ῏ ̆ ᴑҙ Ḥ Ȃ

℗ ᶏ Ḥ ץ ᶫ Ⱶ̆ ȁ

ⱵӞҹ Ḥ Ȃ 

1.3  

ץ ̆ ᶫ Ⱶ

ҹ ҹ̆ ҙ ᶫ ȁ ȁ ᴰ Ⱶ̆

ῃ ῾ҙȁ ҙȁ Ⱶҙ ̆ Ȃΐᵣ ̆

Ҋ ̔ 

̂1̃ ѿף └ ̆ Ҭ ᶫ

Ⱶ̆ LAN/WAN ᵣ ̆ ȁ ȁ ȁ

ȁ Ȃ Ḥ Ⱶ ҹ

῾ҙȁ ҙȁ Ⱶ ᶫ └ ȁ ⱵȂ 

̔TSNȁFlexEȁDetNetȁDIPȁDetWiFiȁ5GDN

ҙ Ⱶҙ῾ҙ

῾ҙ ҙ Ⱶҙ

῾
֟
Ῑ

ד AR/VR
/

ֲ
 

1-2 ľ +҈ ֟ҙĿ ᶛ  

̂2̃ Ḇ ֟ҙ ȁ ᵣ Ȃ ̆

῾ҙȁ ҙȁ Ⱶҙ ̆ ľ
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+Ŀ ֟ҙ ̆ ꜚ ҙ֟ ȁ֟ ȁ Ⱶ

̆ ֟ Ⱶ └ Ȃ 
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ԑɻ  

╠̆ ῏ ԍ ȁ ꜚȁҡ

ȁ [1]-[5][13][20][23][25]Ȃ Һ

ȁ ȁ ȁ └ ̕ ꜚ ҡ

ᴨᾢ ⅞№ȁ ꜚ ⁞ȁ ‖ └ ̕

℗ ̕ ȁ

└ҍ ȁΌᵩ ᴍ Ȃ 

╠Һ ̔ ץ ̂Flexible Ethernet̆

FlexẼ [1][3]̆ ̂Time-sensitive NetworkingT̆SÑ[4][5]̆

̂Deterministic NetworkinğDetNet̃[6]-[9]̆DIP̂Deterministic 

IP̃ [20][25][27]̆ WiFî Deterministic WiFĭDetWiFĩ

ץ̆[19]-[16] 5G ̂5G Deterministic Networkinğ5GDÑ

[10]-[14][23][24]Ȃ 

Ḡ  ̆FlexE

ӊ ῀Ҭ ̆ ҙⱵ ̆ ᶫ ᴰ

ץ ⱴ ̆ 400GEȁ1TE Ȃ

⅞№̆ ᶫ ȁ

└̆ ⌠ ̆ ℗ ̆

№ Ḡ Ȃ 

ҹḠ ̆IEEE TSNᵬ IETF DetNetᵬ №

≢ ԍ ̆ ₮ԅῃ /



                   

8 

└ ԍ ᴨᾢ ↓ └̆ ᾢ ᴨᾢ

↓ ⱬ ҹ Ῥ̆׆ ҉ ҉

׆̆ ᶏ ₮ Ҍ ΐ Ȃ 

2-1 ῖ  

  ᴆ ӈ   

ץ ̂FlexẼ  L1.5  ҍ  

̂TSÑ  L2  ҍ  

̂DetNet̃ L3  ‰└  

IP̂ DIP̃  L2-L3  ҍ  

WiFîDetWiFĩ  L1-L2   

5G ̂5GDÑ  L1-L3  ҍ  

5̆G Ḥ ̆ 99.9999%

̆ ℗ Ḡ Ṣ̆ꜛᵞ

⌠ └Ȃ 

װ 2.1 ЃFlexEЄ 

ץ ̂FlexẼ OIF̂Optical Internetworking Forum̃

Ḥ ̆ῒ ⱴ № Shim

MAC ҍPHY ̆ ⌠ ⱴ ׆̆

ȁ ҈ ̆ ҙⱵ

[1][3]Ȃ 

ԍ ץ ℗ № ̆

ғҒ ῃȁγ Ⱶ Ȃ ץ

PHY/MAC ֜ Ḡץ ȁ ≠
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Ӟ̆ ҍSDN L1 ᴰ └̆ ꜚ

Ȃ ╠ ץ Һ ԍ5G ̆ᵬҹ

ᵣ ̆ ѿ ῒז Ȃ 

FlexE ҙⱵ ҍ ̆ ҩ

FlexEҬ֣῍ץ ̆ ѿ ⱳ ᴰ

ץ PHY PCS MACҬ ῀ѿҩ FlexE 

Shim ԍcalendar№ └ ȂShim ҙⱵ

̆ FlexE1.0‰Ҭ ץ FlexEҬ ҩ

100GE PHY⅞№ 20ҩ ̆ ҩPHY

ѿ ҹѿҩ sub-calendar̆ῒҬ ҩ ҹ

5GbpsȂ FlexE ῏ ̆FlexEʟ ȁ

҈  

̂1̃ ̔ ҩ ̆ ѿҩ

≠̆ ҩᵞ ̆

ҙⱵᴰ ̆ ץ LAĜLink Aggregation Group̆ף

̃ ECMPғ ᾧ ᵞ Ȃ 2-1

̆4 100GE ץ 400G MACD Ȃ 
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2-1  

̂2̃ ̔ ҙⱵ ԍѿ ̆

῍֣ѿ ̆ ѿ Ҍ ҉№

≢ᴰ ҩ ҙⱵ̆ ҙⱵ Ҍ ̆ ԍ

ҙⱵ ̆ ᶫԅѿ Ҍ └ ᾟ Ȃ

≠ ҍ ᴰ ̆ ℗ ⱳ

Ȃ 2-2 ̆ ҙⱵ ҹ150Ğѿ ҹ100GE

̆ 150GҙⱵ № №⌠ң ҩ

ᴰ Ȃ 

 

2-2  
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̂3̃ ̔ ҙⱵ ҉ ҩ ᴰ ̆№

Ҍ ҩ ҉̆ ҩ ῍֣ ҩ Ȃ

ҙⱵ FlexE҉ᴰ ̆ ’ Ҍ ̆

≠ Ȃ 2-3 ̆ ҙⱵΐ Ҍ ̆

100GEѿ ̆ ᵌԍ ̆

400GE ҙⱵ῍֣ 4 100GE ̆ ҙⱵ

№ №⌠Ҍ Ҍ ҬȂ 

 

2-3  

2.1.1 FlexE  

FlexE IEEE802.3҉ ῀ԅFlexE Shim̆ ץ ᵬ

Shim ԍPHY PCŜPhysical Coding Sublayer̆

̃҉ҍץ MAC ̆FlexE 2-4 Ȃ

ῒҬ PCSⱳ ҙⱵ 64/66

̆ Lane№ AM̂ Alignment Marker̆ ᵝ ̃Ḥ
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῀Ȃ 

 

2-4 FlexE Shim  

FlexEҬ̆Һ Client̆ShimGroup҈ ᴆȂFlexE 

Client ԍ ̆ҍ IP/EthernetҬ

ᴰ ҙⱵ ѿ ̆FlexE Client ̆

ץ MAC ̂ 10G 40G n*25Ğ

‰ ̃̆ 64B/66B ᴰ

FlexE ShimȂFlexE Group҉ IEEE 802.3‰ ӈ

ץ PHY̆ ԍ ԅ IEEE 802.3ӈ ץ ̆ᶏ

FlexE ץ ץ MAC/PHY҉ ѿ ȂShim

ᵬҹ ᴆ̆ clientgroup̆ clientgroup

ץ group⌠client Ȃ 

2.1.2 FlexE  

̂1̃ FlexE Shim 

FlexE Shim64/66 ҙⱵ
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↓ȁ № ῀҈ҩ FlexEҍ

ⱳ ̆ῒ ҙⱵ ᵬ Shim

̆ 2-5 Ȃ 

 

2-5 FlexE ShimҙⱵ  

ᾢ̆ ԅ64/66̆ FlexE

ץ̆ FlexE Ȃ Ḥ ԍFlexE

ᾛץ̆ ҹ FlexEPHYs҉ FlexE

῀ ₮ ̆ ᴪ └ ԍ ῀ ᶏ Ҍ

Ȃ ̆ ҩ FlexE 66 ѿ

῀⌠calendarҬ̆calendarҬ 66B Ῥ ѿ № ⌠

FlexE ҩPHY Ҭ̆ ғ └ⱳ ҩFlexE

῀⌠ ҩ Ҭ̆ ᴰ ҩ FlexE PHY҉

῀FlexEȂ ҩPHY 66B ῀ №

⌠ PHY PCS ̆ 100GBASE-R PMA Ⱶ ҉₮

Ȃ 
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ҙⱵ FlexEῬᶏ ⱳ Ḥ ῒ̆

ⱳ ̆ ̆ ₮ 66 ̆ FlexE

̆ sub calendar̆ sub calendar₮master calendar̆

Ҭ׆ ₮ ҙⱵ ̆ idle ῀ −

̆ 64/66 ̆ ₮ ҙⱵȂ 

1̃ FlexE 

ԍFlexE ̆ ҉

Ҍ ̆ ᴰ Ҭ Ḥ

ΐᵣ ’ȂFlexE ShimOverhead

ᶫ ῤ ̆ ңҩFlexEӊ ᴰ Ḥ

̆ ꜚ Ȃΐᵣ 100GE PHYҹᶛ̆ѿץ̆

ҩ ̂Overhead MultiFramẽ 32ҩ ̂Overhead Framẽ

ѿ̆ҩ ↕ 8ҩ ̂Overhead Slot̃ ȂOverhead 

Slot2-6Ҭ ̆ ҉ ѿҩ 64/66B 

ȂOverhead Slot1023ҩľ20 BlocksĿ₮ ѿ ̆p ҩOverhead 

SlotҬ Ҍ Ȃ Ҭ̆ ѿҩOverhead SlotҬ

ľ0x4BĿ └ ҍ ľ0x5Ŀ ľO CodeĿ Ḥ Ȃ Ḥ ᴰ

̆ ңҩFlexEӊ └ ҍľO CodeĿ

ѿҩ ׆̆ ԋ ӊ ԅѿҩ ԍ 2-6

Slot ӊ Ḥ ̆ ңҩ ӊ

Ḥ ᾢ Ȃᶛ ̆ ҩFlexE Client

FlexE Shim/GroupҬ SlotḤ ᵝ ῤ ᴰ ⌠
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̆ ׆ץ Ҭ Slot Ḥ

FlexE ClientȂFlexEῤ ԑңҩ֜ץ

ӊ Ḥ ̆ᴰ RPF̂Remote PHY Fault̃ OAMḤ

Ȃ 

 

2-6 FlexE  100GEҹᶛ̃[30]ץ̂

2̃ calendar 

FlexE Shimᶏ calendarFlexE ҩPHY sub calendar

҉ 66 ᵝ № ҩFlexE Ȃcalendarҹ5Ğ

100GFlexEץ№ҹ 20ҩ ̆ ҩ ѿҩ

66 Ȃ ң calendar:ľAĿ ľBĿ calendarȂ

ᶫ ңҩcalendarҹԅ Ḃ Ȃ 

ԍ nҩ 100GBASE-R PHY FlexĔcalendar

ҹ20nȂ calendar№ № ⌠ ҹ20 n

ҩsub calendarȂ ῀⌠FlexEPHYҬᴰ Ȃ 

FlexEҹ ѿҩClientᶫSlot/Calendar└̆

ꜚ ȂFlexEҬ̆ ңҩ ӊ

ᴰ ᵣ ClientGroupҬ ῏ ң Ҍ

CalendarḤ A̔ B̂ №≢ ñ0òñ1òbit̃Ȃң Calendar 

A/Bץꜚ ℗ ׆̆ Client Ȃᴋ ѿҩ
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Client ң Calendar A/Bӊ Ҍ ̆ ℗ ̆

ѿ └ ץ ȂCalendar A/B℗

ῤ Request/Acknowledge└ Ȃ 

̂2̃ ֜ ᴰ  

FlexEѿ ֜ FlexEѿҩ ̆ ԍ Ҭ Ҭ

⁞ ᴰ ȂFlexEѿ ֜ ѿҩFlexE ⌠

Ҍ FlexE ̂Client̃ ῀⌠ MAC ̆ ׆

FlexE ⌠ ѿҩ FlexE ̆ 2-7 ̆

PÊ׆ ̃ PÊ ̃ ̆ ֜ ҹ P̆ ⌠ P Ҍ

ᴪ ᴰ MAC ̆ ֜ ᴰ ׆ Shimᴰ

Ҋѿҩ ̆ ⌠ Ῥ ҉ᴰ Ȃ ֜ ᴰ

⌠ FlexE tunnel̆ ԅ L1

Ȃ 

 

2-7 FlexE tunnelᴰ   

̂3̃ FlexE tunnel  

ԍ FlexEҬ̆ ѿҩ ⌠ ľ Ŀ ᴰ ̆

ҌῬ MAC Ḥ ‗ Ҋѿ ̆ FlexE tunnelץ
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Ḥ ᴰ ⌠

ᴰ └̆ FlexEҬⱴ῀ԅ OAM̂Operation, Administration 

and Maintenancĕ ̃ Ḥ ȂOAM ѿҩ

Ḥ ̆ ԍIEEE802.3 ̆ 64/66 ̆ ғ

ΐ ̆ ץ ≢ Ȃ 

ҹԅḠ Ҭᴰ ̆ FlexE tunnelҬᴰ

Ḡ ȂFlexE tunnelҬḠ ҙⱵ

ᴰ tunnel₮ ҙⱵ℗ ⌠ ѿ tunnel 

ᴰ ̆ῒḠ №ҹľ1+1Ŀ Ḡ  ľ1:1Ŀ Ḡ ң Ȃ 

2-8 ľ̆1+1ĿḠ ᾛ ң  tunnelҬᴰ

̆ ᴰ ң tunnelD ᴰ׆̆

 tunnel Ҭ ҙⱵ Ȃ 

 

2-8 FlexE tunnelľ1+1ĿḠ  

2-9 ľ̆1̔ 1ĿḠ ң tunnel̔Һ

tunnel  tunnelȂ ᵬ ̆ ҙⱵ Һ tunnel

ᴰ ̆ tunnelץᴰ ᵞᴨᾢ ҙⱵȂ Һ tunnel₮

̆ ⌠ ‗ ̆ Һ׆ tunnel

℗ ⌠ tunnelҬᴰ Ȃ 



                   

18 

 

2-9 FlexE tunnelľ1̔ 1ĿḠ  

2.2 ЃTSNЄ 

̂Time-sensitive NetworkinğTSÑ ԍ ‗ԋ

Ḡ [1][2]̆ ╠Һ ԍ └ ȁ ῤ ȁ

ȁ5G ȂTSN ѿ ↓ ‰ ҡ

ᴰ ̆ ᶫ ҉ Ḡ ᵞ ꜚ ҹ̆ ᶫ

ᴰ Ḡ Ȃ 

2.2.1 TSN  

TSN 2-10⌠ 2-13 [5][26]Ȃ

ᾝ Ҭ ᵝ T̆SN Ҭ ᾝ ҹ№ץ ῏ȁ ȁ

҈ҩ Ȃ ῏ Һ ԍ TSN ̆

ӊ ԑ Ȃ Һ ԍ TSN ῤ ̆ ῤ

ԑ ԑ Ȃ ↕ ΐ ⱳ ҙ ̆ ȁ

ҙ ꜚ Ȃ 
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5G  

└

ῤ  

2-10 TSN  

 

Ḥ Ḥ Ḥ Ḥ

  

2-11 ῃ№  

 

Ḥ Ḥ

Ҭ

  
2-12 Ҭ ȁ№  

 

Ḥ

Ҭ

Ҭ

  

2-13 ῃ Ҭ  

 

TSN └ № Ȃ └ ᵬҹ ᵣ̆

SDN └ ףץ № ᶫ └ ⱬȂ ԅѿҩ
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MACҬ ңҩ ̆ 2-14 [26]Ȃ 

SDN └

└

Ҭ

ᵣ

MAC

LAN LAN  

2-14 IEEE 802.1 TSN  

2.2.2 TSN  

ҹԅ ᴰ ̆ ԅ

└̆ Ҍ ᴨᾢ └ȁ └

└Ȃ 

 

2-15 TSN ᵣ  

̂1̃ └ 

‰ ̆ TSN Ҭ̆
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IEEE 802.1 AS ḱ IEEE 802.1AS-REVץ ֒

ȂIEEE 802.1ASIEEE 1588-2008Ҭ

̆ gPTP ȂgPTP BMCA Һ

׆ gPTP̆ ₮ ᵬҹGrandMaster̂GM̃

Ȃ gPTPῤ̆Һ ׆ ӊ Ҍ ᴰ Ḥ ̆

ҍGM ȂIEEE802.1 AS-REVⱴԅ ҩ

ⱳ Όᵩ ⱬ̆ ῤ GM

℗ ⌠ῒז ⱳ ̆ Ȃ ╠

ҍ ᴆ ӊ Ȃ 

̂2̃ └ 

ҹԅ T̆SN≠ └ ץ

Ҭ ᴰ ̆ └ ҹ ᴨᾢ ᶫ

ᴰ ᶫ ᴰ ̆ ᾧ ᴰ ҡ

Ȃ ╠ ԅ₃ └ ‰̆ IEEE 802.1Qav

̂Credit-based Shaper̆CBS̃̆  IEEE 802.1Qbv̂Time-aware Shaper̆

TAS̃̆ 802.1QcĥCyclic Queuing and ForwardinğCQF̃ IEEE 

802.1Qcr̂Asynchronous Traffic ShapinğATS̃Ȃ 

...

֜
q1:TT

qn:BE

ῃ

↓

Gate

Gate

...

T1:0111 1111
T2:0000 0000
T3:1000 0000
T4:0111 1111

...

῀
₮

 

2-16 TSN  
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CBS ̔CBSҺ ԍ ̆ ≠ Ḥ

ᴰ №ҹᾛ ᴨᾢ ᴨᾢ ᴰ ңҩ Ȃ

CBSץ └ 250 ̆ᵖ ⱴԅ Ȃ 

TAS T̔ASץ ᶫ Ḡ ȂTAS└

̆ ≠ ↓ └Ҍ ᴨᾢ

↓ ᴰ ȂTAS ⁞ ԅᴰ ̆ᵖ ̆

Ȃ 

CQF ̔CQF ץ ῀ ₮ ↓ ᵬץ ᵞ

TAS ̆ ҍ ῏ ҡ ̆

ᵖ Ӟ Ȃ 

ATS ̔ҹԅ ≠ ̆ATSԍUBŜUrgency-

based Scheduler̃̆ ѿ TSN̆ ᶫ Ҥ

Ȃ 

ҹԅ⁞ ᵞᴨᾢ ᴨᾢ ̆IEEE 802.1 Qbu

└ᾛ ᴨᾢ ᵞᴨᾢ ᴰ ̆

ᵞᴨᾢ Ҭ ̆ Ҋѿҩ ̆ Ҭ

ᴪ ȂQbu ⁞ Ḡ Ȃ 

̂3̃ └ 

ҹԅ ᴨᾢ ̆ TSN

‰῀ └ └Ȃ └ └Ȃ 

└ № Ҭ ң ȂIEEE 802.1 Qat

̂Stream Reservation Protocol̆SRP̃ ԍTSN
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╠ ԅ‰῀ └ ̆ Ύ ̆ᶏ 48

ᵝ ѿ ≢ ΎҙⱵ ̆ҹ AVB ᶫ

Ȃ ԍQat № Ύ ̆ Ύ

ᶏ ׆ ῏ ȂIEEE 802.1Qcc⁞

SRP̆ᶏ ֽ

ȂQccᶫԅѿ Ҭ ῃ └ ΐ̆

̂ NETCONFRESTCONF̃ ̆

ῒז Ȃ 

MRP̂Multiple Registration Protocol̃ ᶫԅ Ύ ̆

ᵖ Ḡ Ḥ └ 1500 Ȃ ҙⱵ

῍ ץ ⱴ̆ ᶛ ⱴ̆SRPMRP

ԍ Ύ Ḥ ⌠ΐ IACS

Ȃ ̂Link-local Registration Protocol̆ 

LRP̃ ң ӊ └ MRP ̆

└ ȂLRP ᶫ ̆

̆− └ Ȃ 

̂4̃ TSN  

TSNᴪ ץ Ҭ 802.1Q VLANҬ

PCP ̂ Priority Code Point̃ VID̂VLAN ID̃Ҭ ӈ Ҍ

ᴨᾢ ȂTSNҬ ҩ ‰̆ IEEE 802.1CB̂FRER̆Frame 

Replication and Elimination for Reliabilitỹ̆ 802.1QcâPath Control and 

Reservatioñ̆ 802.1QcîPer-Stream Filtering and Policing̃̆ ᶫ
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Όᵩ̆ ץ ↓ Ȃ 

└

Ҍ ֜
  

2-17 TSN 802.1CB FRER 

ץ‰ ץ ᶫΌᵩ ⱬ̆p ԍ

IACS ̆ Ȃ ̆FRER

Ҍ ֜ ҉ ῏ ◐ ̆ ԍҺꜚ Ό

ᵩ̆ףᴇ Ȃ 

PCR ᶫ └ ̆ ӈ Ḡ

ȁ ȁ Όᵩȁ └Ḥ └ № ̆

PCRҍFRERȁ802.1Qccᶏ ⌠ ̆ Όᵩ

ꜚ Ȃ 

2.3 ЃDetNetЄ 

IETF201510 DetNetᵬ ̆Ғ ԍ ԋ

҈ ̆ ֓ ҹ҈ץ ᶫ

ȁ ꜚȁҡ ץ Ḡ ȂDetNetᵬ ҍ

ԋ ᵬ IEEE802.1 TSNᵬ ᵬ̆ ӈԅԋ ҈

̆ DetNet  [2]ȂDetNet ᶛ Ғҙ

/ ȁ ᵣȁ ҙ └ ץ̆ IEEE 802.1 TSNᴋⱵ

Ȃ 
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DetNetᵬ Һ ѿ └Ҋ ѿҩ

ῤ Ḡ ̆ ȁҒ ȂDetNet

ΐ̆ ȁ ᵞҡ ҍ

̆ᶷ ԍIP Ḡ ̆ ԍ IP/MPLS

⌠ ҉̆IETF̓͂ ‰ᵣ Ҍ ҬȂ 

DetNetҺ Ṣ TSN └ ̆ ᶫ҈ ⌠

ȂDetNetᾛ ץ DetNetҍ

ῒזҙⱵ ῍ ᴰ Ȃ Һ ȁ /

ȁ Ҭ └ȁ ȁ ꜚ ⁞ȁ Ḡ ȁ Ȃ

DetNet̓͂ ̆ IDȁSequenceȂ

DetNet└ ‰ ᴆ Ὶ IEEE802.1 TSNᵬ ῒזIETF

ᵬ ῏ Ȃ 

2.3.1 DetNet  

̂DetNet̃ ᵣ ҹ ᶫԅѿ ᵞҡ ȁ

⌠ ᴰ ⱬ̆ ԍ Ȃ

2-18 DetNet ᵣ ̆ ҙⱵ

ҍDetNet ̆DetNetῤ ҍ

̆DetNet Ҍ ȂDetNet

ꜚ ȁ ҍ ץ ⌠ ҍ

Όᵩ ҙⱵ ҈ ᴰ Ȃ 
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 1

 2

&

꜠

 ᵯ

&

 ᵯ
 

2-18 DetNet 

DetNet ̂ ̃ ȁΌᵩ

Ḡ ̆ҹ DetNetʟԅ ⱵȂ ᶏ ץ

ԍ DetNet ᴰ ̆ Ҍ ᴨᾢ ҙⱵ ῍ ᴰ Ȃ 

2-19 ҹDetNet ῒ̆ /

̂Source/Destinationȁ̃DetNetⱵ ̂Service Sub-layerȁ̃DetNet

̂Forwarding Sub-layer̃ ᵞ ̂Lower LayersȂ̃

DetNetⱵ DetNetⱵ ̆ᶛ № ̆

└/ № ̆ DetNetᴰ

ᶫ ҹDetNetʟ Ḡ ȂDetNetץ ҩ№

ῒ̆Ҭ ҩҊ ҹ ⱵȂDetNetӊ ԑ

̆ ֓ᵞ ̆ᶛ ԋ TSN ᾣᴰ

̂Optical Transport Network, OTÑ̆ ץ Ὶ Ⱶ

DetNetȂDetNetⱵ ̂Packet Sequencingȁ̃

Όᵩ ̂Duplicate Eliminationȁ̃ └̂Flow Replicationȁ̃

̂Flow Mergingȁ̃ ̂Packet Encoding̃ҍ
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̂Packet Decoding̃̕ DetNet № ̂Resource 

Allocationҍ̃ ̂Explicit RoutesȂ̃DetNet ⱳ Ҋ̔ 

◊ ￼

ᾭὯץὴẑ
╙ᶶֺ

ᾭὯץ

֑ӎ╦
╙ᵀẊ

ᾭὯץ

◊ פּ
ῘẪ יּ

ẕṖ

ꜙ

₴ῇ

 

2-19 DetNet  

̂1̃ Ȃ ҙⱵ ľ Ŀ ľ Ŀ Ȃ 

̂2̃ ҍΌᵩ Ȃ ԍDetNetⱵḠ

└ ȂΌᵩ ᵬҹ DetNetⱵ ѿ №̆

ԍ ᵣ̂ ̃ ᶫ ↓ ̆ ҡ Ȃῒ ץ

DetNet ȁ ᵬȂ 

̂3̃ └ҍ Ȃ └ҹԅ DetNetҙⱵḠ ⱳ ̆

ԍѿҩ DetNet └⌠ ҩ DetNet

ҬȂ └ ץ └ Ȃ ץ DetNet

ѿ ᶏ̆ ⌠ ԍ DetNet Ȃ

DetNet└ȁ ̆ ȁΌᵩ ԍ

└ ̂Packet Replication and EliminationȂ̃ 

̂4̃ ҍ Ȃ ҩDetNetҬ
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Ḥ ѿ ̆ Ҍ DetNetҬץ ᴰ

Ḥ Ȃ Ҍ׆ DetNetҬ ̆

֓ ῀ DetNetȂ 

̂5̃ № Ȃ № DetNet ᶫ

№ ⱳ Ȃ 

̂6̃ Ȃ ᾢ ̆ DetNet

ץ̆ ᾧ ᴨᾢ Ȃ 

ᵬȁ ̂Operations, Administration, and Maintenancĕ

OAM̃ ≠ץ ῤ Ḥ̆פ ҙⱵ Ⱶ QoS

Ḡ ῤ ȂOAM ץ Ҭ ⱴ ̆

ץ ȂҺꜚ OAM

DetNet Ȃ 

DetNet ȁ ȁᴰ ȁҬ ̆

2-20 Ȃ 

TSN ꜙ ꜙ

TSN ᴶ Ҳ
DetNet

└ שꜙꜙ

DetNet ꜙ

 

2-20 DetNet  

DetNet└ ҬCPF ̂Controller Plane Functioñ └

ᴆ̆ ԍ Ȃ 2-21 ̆ 
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CPFsҙⱵ № Ҍ DetNet҉ ᶏ̆ӊ

ᴆ̆ ῃ ̆ ᴨ ᵣ Ȃ 

┼

DetNet

&

...

CPF CPF CPF

...

 

2-21 ҍ  

DetNet̂ NIC̃ CPFῈ ױ

ⱬ C̆PF↕ ꜛṢץ ֓Ḥ ꜚ

ꜚ ȂDetNetӊ ҍ ֜ץ ῏ԍ

Ḥ Ȃ 

2.3.2 DetNet  

DetNetΐ ȁ ҍ ῃ Ȃ ̆

DetNetⱬԍ ᵞ ̂Ultra-Low Latency̆ULL̃

Ⱶ ⌠҈ ץ̆ ҙⱵ ҍ DetNet̓̀ᴰ

Ȃ ̆ ԍ DetNet ̆ῒ Ҋ҈ץ

̔ 

̂1̃ ̂Time/Frequency Synchronizatioñ 

DetNet ≠ץ IEEE 802.1 AS̆Ӟ ץ

IEEE 1588v2 PTP Ȃp ̆ ╠IETF DetNet
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ΐᵣ Ȃ 

̂2̃ ҍ ̂Zero Congestion Loss and Reliability)  

DetNetҬ ULL ȁ ‖

ȂDetNetҹԅ ⌠ ᵞ ꜚ ῒ̆Ҍֽ ⌠

҉ └̆ Ҋ ץ└ ꜚ └ Ȃ

ꜚ⁞ ץ ῃ ֒

ȂҹԅḠ DetNet ̆

ҍ Ȃ ⌠ ̆

Ҭ ᴰ Ȃ ̆ DetNetҬ № └

Ȃ 

̂3̃ ῃ ̂Securitỹ 

ῃ DetNetѿҩ Ȃҹԅ

DetNet ҍ └ ῃ ̆ ⌠DetNet ᶏ

ץ̆ Ḡ └ ҉Ȃ

DetNet└№ҹ Ҭ └ № └Ȃ ԍ Ҭ └DetNet̆

└̂ACTÑ ԍ ῃḠ Ȃ ԍ

№ └ DetNet̆ῒ ῃ DetNet ῃ

Ȃ 

҉ ̆ ╠ ₮ DetNetᵬ ȁ

DetNet ץ Ḥ ῏ ‰ ᴆ D̆etNet

‰ №ҹ D̔etNet ̂Flow Conceptȁ̃DetNet ̂Flow 

Managementȁ̃DetNet└̂ Flow Control̃ DetNet ̂Flow 
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Integritỹ̆ 2-22 Ȃ 

DetNet ‼

DetNet

DetNet

DetNet ⌡

DetNet

DetNet

&YANG

ғ

DetNet ┼

DetNet

DetNet

┼ ∑

DetNet

┼ғ

 

2-22 DetNet‰ №  

̂1̃ DetNet̂Flow Concept̃ 

̂App-flowȂ̃ DetNet DetNet

ӊ ᴰ ̂ Ȃ̃ Ҍ ᴋᵥҍ

DetNet῏ ̆Ӟ DetNet Ȃ 

DetNet̂DetNet-f-flow̃ȂDetNet-f-flowΐ DetNet

ΐᵣ ̆ DetNet ᶫ № Ȃ 

DetNetⱵ ̂DetNet-s-flow̃Ȃᵬҹѿ DetNet Ȃ

DetNet-s-flow DetNetⱵ ᶫ ҙⱵḠ Ȃ 

DetNetⱵ ̂DetNet-sf-flow̃ȂDetNet-sf-flow

Ҭ ΐ DetNetҙⱵ ⱳ Ȃ 

DetNet≢ ̆ҍᴰ Ҥ № ̆

DetNet ľ№ ò Ḃᵞץ̆ ץ ⌠

Ȃ ꜛԍ ҩ ᴰ

ᶫ ȁ ⱵȂ 

ҹԅ ‰ ≢̆ ‰
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Ȃ ԍ DetNetҌ ӊ ̆Ҭ ҍ

῏ ҉ Ḥ ȂDetNetԅ

̆ԋ ץ ID DetNet└ ≢ DetNet

῏ ҉ Ḥ Ȃҹ D̆etNet ‰

ȂDetNetԅ 3 Һ ̔IP ȁ

MPLS ֜ ȁץ Ȃ ԍ ̆ ҩDetNet

№ ⱴ ҩ ID̂IPȁMPLSץ Ȃ̃ ᶏ

DetNet IP IP ӊ ׆̆ ԑ

ᵬ Ȃ 

̂2̃ DetNet ̂Flow Management̃ 

1̃ DetNet YANG  

DetNet DetNet ᵣӊ

̆ ӈԅ DetNet№ ȁ Ҭ

ῒ ῏ ̆ ׃ ԅ Ҭ Ҭᴰ YANG

Ȃ 

DetNet № ȁ Ҭ Ȃ №

Ҭ ŬNIḤ DetNet UNĬ№ DetNet

└ UNI Ḥ ᴰ ⌠ ҩ ᵣ̆ └Ḥ

IGP RSVP-TE Ȃ Ҭ Ҭ̆CUC

̂Centralized User Configuratioñ CNĈCentral Network Controller̃

UNIḤ ̆ ᵌԍTSNҬ IEEE 802.1QccҬ Ȃ

ԍ ̆ └ ῤ № Ҭ
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Ḥ ȂDetNet YANGҍ TSNҬ IEEE 

802.1Qcpᵌ̆ҹ Ҭ ӈԅѿҩDetNet YANĞ

ԍᴰ Ȃ 

2̃  

̆DetNetҬ № 2

Ȃ Ҭ ᵌԍIEEE TSNҬ ≠̆ PCÊPath 

Computation Element̃ ԍ№ IP IP Ḥ ᴰ

ῃ ᴨ Ȃ№ ≠ ῤ ῏

̂IGP-TẼ ₮ԅ ᵌԍ802.1Qatȁ802.1QcaMRPḤפ ∆

Ȃ 

3̃ ҍ  

ҹԅ ᾟDetNet└ └̂ ȁ ̃̆ ҩ

̂ Ҭ Ҭ └ ̃ ῍֣

ⱬȂɒ ῍֣ ╠ ᶏ ȁ ῒ῏

Ȃ ╠ ᵥ ⱬ̆ᵖ ԍῃ ⅞ ȁ

῏ Ȃ 

̂3̃ DetNet└̂Flow Control̃ 

DetNet └ⱳ ҍIEEE TSN TG

↕̆ᵖ῏ └ ѿ֓ ≢̆№≢ᵣ DetNet

ȁDetNet ץ └ ↕Ȃ  

1̃ DetNet ̔ 

DetNet Һ №ҹ Ⱶ ᴰ Ȃ Ⱶ ץ №
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ȁ └/ ȁ№ ̆ ᴰ ץ Ḡ

└ ȂDetNetץ ₃ҩ№ DetNet ̆ῒҬ

ҩ ᵞ ҹ ᶫ ⱵȂ D̆etNet̂ Ҭ

̃ ԑ ̆ Ȃ ֓ᵞ ̆ ԋ ̆ ץ

Ὶ ҙⱵ DetNetҙⱵ̆ 5G Ҭ IEEE 802.1 TSN

OTNҙⱵȂ ╠̆ ԍDetNetⱵ ᴰ ̆

ӊҬȂ 

2̃ DetNet ̔ 

IETF Ḥפ ᵬ ̂Traffic 

EngineeringT̆Ẽ ԍ№ № ̆ ӈ └ DetNet

῏ ȁⱳ ץ Ҍ ӊ ῏ ᶏ̆ ᵬ ץ

ꜚ └ȁ ̆ ῀ԅ QoS

ȂDetNet WGɜ ԍ ᴆ ӈ ᶛ ̆ҹ

DetNetԅѿ TE ҍ̆IEEE TSN802.1Qcc

Ҭ SDN ΐ ᵌӊ Ȃ ҩ №ҹ ȁ └

̆ ғ └ DetNetῃ ⅞Ȃѿ ̆

DetNet ԅѿ ȁ

̆ῒ ⱳ Ḃԍ Ȃ 

3̃ └ ↕̔ 

└ ↕Һ ȁ ȁ ̂Queuing, 

Shaping, Scheduling, and PreemptionȂ̃ ӈ └ ↕̂ ȁ

ȁ ̃̆ ץ ҡ Ȃ
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└ ‰῀ └ ̆ ‖ № Ȃ

DetNet└ ≠ IEEE802.1 TSN↓ᴰ Ȃ

֓ TSN └ ԍḤ CBŜ802.1Qaṽȁ

TAŜ802.1Qbvȁ̃ CQF̂802.1Qchȁ̃

ATŜ802.1Qcr̃ ̂802.1Qbu802.3br̃ Ȃ 

̂4̃ DetNet ̂Flow Integritỹ 

DetNet └ҍ ȁ ȁ

Ȃ 

1̃ └ҍ ̔ 

№└ ⱳ PREFҍTSN TG 802.1CB‰ ѿ֓

ᵌӊ ̆ ԍIETF HSR PRP└ȂPREFDetNetⱵ Ҭ

Ḥ ȁ └ȁ ҈ ⱳ ȂῒҬ̆ ⱳ

ԍѿҩ DetNetҩ ⱴ҉ѿ ↓ ̆ ֓

↓ ԍ ҡ ץ Ȃ └ⱳ

└̆ ᶏѿҩ DetNetң Ҍ ֜

⌠ ѿҩ Ȃ ⱳ Һ ҉ ᴋᵥ Όᵩ

̆ ҹҊ ῒז ̆

Ȃ ⌠ ̆ └ ѿ ̆

↓ ҡ ȂPREFѿ Һ

ꜚ⁞ ҡ Ȃ 

2̃ ̔ 

ҍ TSNᵌ̆DetNetDetNetDetNetӊ └ №
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ȂDetNet 75% ԍDetNetȂᵖ ̆ҹԅḠ

≠ ̆ᴋᵥҹ DetNetḠ ᵖ ≠ ץ

№ DetNetȂ ̆DetNet ḠԅҌ Ⱶ

ӊ ῍ Ȃ 

3̃ ̔ 

ҹԅ⁞ ԅ ̆ ԅ └ ≢̆

DetNet ΐ ѿ Ȃ⁞ DetNetҬ

῏ └ӊѿ ᵌԍIEEE 802.1QcîPSFP̃

̆ ץ ҹҌ ̆ ץ Ȃ ̆

DetNet └ ץ ӈ ↕ ꜚ̆ᶛ ҡ

ȁ῏ ῃҡ DetNetȂ 

2.4 IPЃDIPЄ  

ҙԑ Ⱶԍῃ ҙ

ӊѿ̆ ≢ ԑ Ȃ ̆ᴪ

῀ ľ̆ ḤĿ ֟ ⱳ Ȃ

Ⱶ Ⱶ ᶏ ľ ԍ Ŀ Ẋ Ҍ

Ῥ Ḥ̆ Ҭᴰ ‰ ҹԅ

῏ ӊѿȂDIP ҹ ῍ ₮ ѿ

҈ ̆ ҉ ῀ └

⇔ ̆ └ ₮ᾧ ⅞ҍ

№ ̆ ⌠ ᵞ Ȃ
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DIPᴰ IP ӊ҉ ῀ ̆ └ ҩ

⁞ ̆ ̆ ⌠

ȂDIP Ḡץ ’Ҋ ⌠ ᶭ ̆

ғ ҍ ӊ ֽҹ 2TȂ ҉

֜ ̆ ‗ԅᴰ IP ̆

ԅIP ⌠ ᵞ ꜚȂ DIP Ҭ

̆ ӊ Ҍ ‰ ̆ ΐ

Ȃ 

ԍҙ TSNȁDetNet ᵬ D̆IP ӊ

Ҥ ̆ ̆ ғ ᴋ ̆

̆ ᴇף ᵞȂDIPҙ ԅ

Ҍֽ̆ ԍ ҙ└ ȁ

Ҋ̆Ӟ ץ IP

̆ ԅ IP Ⱶ ⱬ̆ Ӟ

ҙ ̆ל ҙԑ ȁ ҙ └ȁ └

ᵬ Ȃ 

ѿҩץ2-23 ᶛ ȂẊ A 10ҩ῀

̆1ҩ₮ ̆ ѿ ȂẊ ҩ῀ ҉

ѿ ̆ ҹ ԅ5% ȂẊ 10ҩ 10

ѿᴨᾢ ̆10 A ₮ ῍

₮ 50% ̆ Ҍ ’Ȃ ԍ

ҩ ⌠ └̆ ’ 10
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⌠ ̆ ₮ Ȃ ֟ ᴪ ῤ

̆ ȂẊ Ҋ B 10ҩἝ Aѿ ҉

̆↕ ’ᴪ ѿ ̆ Ȃף ӊ ̆

Ḡ׆ Ȃ Ӟ ̆ᴰ IP ᶏ ԅ

ᴨᾢ Ӟ̆ ȂῒҺ ԍ

ҩ ҹ ӎ └̆ ԅ ԅ Ȃҹ ױ

└ ҩ ҹ̆Ҍ ̂ ̃̆

ғҹ ҩ № ѿҩ ̂ ̃ Ȃ └

ҩ ҹ ᾧ‖ ׆̆ └ ῤ ̆

Ȃ 

 

2-23  

2.4.1 DIP ⅎ ғ  

ᶫԅѿ ⌠ ҉ ̆

ȁ ҩ Ⱶ ̂ ȁ

ȁ ȁ̃ ⌠

⌠ ᴆҊ̆ ⌠ ⌠ Ȃ ⱴ

̆ ⌠ ⌠ ҉ Ȃ 




















































































































