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SRV6FH R IPHTET{K

1970, ARPANET
:Single Service Integrated Bearing SDN

Connectivity of Multi-Services =

I e & & A

IPv4 Internet MPLS Transport All IP +

SDN for Central
Control/Network
Programming

(MPLS for IP Core/ (VXLAN for DCN)

Metro/Mobile Transport)

o IPVEEREZE: HItZT B ERBERIIIREIPVOERE
o« SRv6Ry{EHD
o EBEFWIPALAMMNENMY, FEREMEEEEEERS

=l public Cloud

s Private Cloud

Internet
= ofThings

sma

IPV6/SRV6

(Cloud/5G/IoT, etc.)

o ETIPVveY RL/SRHFM BRIEIFEZMEME R, HEILSZHF K.

o ETFXNIPEMMEMNEZRIERE S, SMPEFNESNHANMAE

o ZEEXNEZHUTENFER, H—DHE IPV6

, RFMEHE



SRv6 {3 HERFKIMLE ] Rzt

SRH: = EM4En]RiE=SE

d SRv6 SRH Header
PHeader ™1o8git | 188t | 1288t | 128Bit
IPv6 Header __—J\\ S

IPv6 ¥ REsk

Header
i

' The *Function’ can identiy
- L2VPNILIVPN, and any services or APP




Detnet OAM MCAST SFC

SGAEAEM Y] A

URLLC BESGH < WASGE T T
HE #1 . Slice for VX e e e :
URLLC e
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kR #2 - Slice for Factory i
LCSG o LASG T
th #3 - _ mMTC el { RSG-
Slice for Home EOSEE-----------=- NSO -

ge DC eginonal .
@j m Public Cloud

—~ Hif%
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RRU @eo | & “~~__-o7 V= Ngel g
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Detnet OAM MCAST SFC

AT ERICE

Level 3 — NI %E A
N7 IEYE . HEPIREIT NG E g0
c HRAEGHEENNEETIER
y— FEREKIVPNRE S
Level 2 — FRRIRES (VPN+)

o B B R GRAIEAN [ D)1 (9L 55 P B TN B
+ 256 URLLC 55 [ F 47 1 55 7 ok 22K

Level 1 — \WEIRE

. lk%z@ﬁim.%ﬁﬁ% Al LA VPN#R AL

' ﬁﬁ/\%’ iky‘ﬁ *ﬁﬁﬁfﬁ
. {Wiﬁ%éﬁ%@éik%ﬁﬁik
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Detnet OAM MCAST SFC

VPN+ &M 5 524

9 =i
ST R ] s Rzl e

* MR EaEHER
- g, IR, FE, Wk
* U2 M Y] A E

*

« MY FEHEEERESHE SRv6
* MR, FREEMENE pased

© MY EERA |

1 )

YIIEM R IR

- YO

- BETFED (Fexk, FELFED)
© JRITE R PAT

* TSN

https.//tools.ietf.org/html/draft-ietf-teas-enhanced-vpn
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SRv6 VPN+1MY I &

RS E

BN RARNEIMNET o EIRIZAYSRY6 Locator
B WL EAISRV6 SIDEEZE HAYLocator
SEFI—ZHSRV6 SIDHRRYFEMLET] FBIFHRFHMIZIR

Fe IS

TR S N NEY A fLocator, SIDIIEFERLEER

IEERBT) RHaHh, THTRET TR LIRS R RN

IETF VPN +ix /(G EHTE

VPN + Framework

https://tools.ietf.org/html/draft-ietf-teas-enhanced-vpn-01 (T{EHXFE)

SR/SRv6 based VPN +

https://tools.ietf.org/html/draft-ietf-spring-sr-for-enhanced-vpn

IGP extensions for SR-based VPN +

https://tools.ietf.org/html/draft-dong-Isr-sr-enhanced-vpn

SRv6 VPN +[REd

ERZFRE=EETSRV6 VPN + &Y B EEHFFRESEIH

Detnet OAM MCAST Cloud

SRv6 SID (128bit)
|

!

[
BT mRMET] A

iU A N
Functions/Args
End SID End.X SID
B —
i
End.X SID i | —
|
///
AT:1:1 AT L AT:3: :
A1_1_CE__,: A1:2:C2 | A13:C2_ @
AT1:G1 L7 1 AT2iCT L1 AT34CT
| ’ I |
7 1
I V4 1 I
¢’ e
e Y | L oo .
I R #1 MgENR#2

o TUEHIRHS


https://tools.ietf.org/html/draft-ietf-teas-enhanced-vpn-01
https://tools.ietf.org/html/draft-ietf-spring-sr-for-enhanced-vpn
https://tools.ietf.org/html/draft-dong-lsr-sr-enhanced-vpn

VPN+ OAM MCAST SFC

fREME MR E AR

o THEMML ( Deterministic Networking ) , BBLIATSE:
VEILUREATSERISLAREE, AN ERERMETHE. (RATERIMLERSS;
v RibmREmAIRE ERR, 1R/IRIENFIEEE,
v EETHRITERREthernet/IPREZHHITERE, A WEMRERNE LB,

TSN/DetNet

o TSN : Time Sensitive Networking (IEEE) , £ —ELAKM{EEFT; http://www.ieee802.org/1/pages/tsn.html
» DetNet: Deterministic Networking (IETF), TE=ZIP/MPLSK4&=h{5FH; https://tools.ietf.org/wg/detnet/
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S5GMETEHFNL S5 L™ a1 e PREE

Use case

User Experienced Data

E2E

category Use Cases Rate ey Speed Reliability
e Pedestrian N
=i5t4A, VR, AR... DL: 1 Gbps, UL: 500 Mbps 10 ms =
TR B ) 2 DL: 50 Mbps, UL: 25 Mbps 10 ms |Upto 500 km/h |
et Up to 1000 o
eMBB | 3DVERE: KM DL: 15 Mbps, UL: 7.5 Mbps |10 ms kn‘;/h T
WRARB A RILE DL: 10 Mbps, UL: 10 Mbps 50ms |0-50 km/h 1%
{EEIZENRI50 Mbps DL: 50 Mbps, UL: 25 Mbps 10 ms [0-120 km/h rh
ﬁEﬁEﬁ*lX—Xl DL: 50 Mbps, UL: 25 Mbps <lms |Pedestrian i
H s/ 2 58
DL: 50 kbps~10 bps; .
DIEEEN e 1ms |0500km/h  [H%Es
Mission |ITTIEXISIRME - ITiEFEAR i
Critical 1oT BB FPERE: RinEEXEE
rHEZE DL: 10 Mbps, UL: 10 Mbps 10 ms |0-500 km/h W
3D &R ITAN
HEEEFE Second
~BBSF . econds
FEREE R Low (typically 1-100 kbps) to hours 0-500 km/h i
DL: 300 Mbps
s i s ]
Massive eIt UL: 50 Mbps 10ms |0-120 km/h &
FEFIERERE DL: Up to 200 Mbps
loT = g P <100 o so0km/h |
Mg, X, Ex UL: Modest (e.g. 500 kbps) ms
DL: 0.1-1 Mbps, UL: 0.1-1 not o
byvic = 4 _ =]
BARRE Mbps critical 07120 km/h =

VPN+ OAM MCAST SFC
Delay
s Autonomgus . Augmented Tacnle
driving Reality internet
Virtual
Reality
10ms Disaster Real time Multi-person
alert gaming video call
Automotive Bi-directional
ecall remote controlling
100ms . Device
remote First responder
controlling connectivity
1,000ms Personal . . Wireless cloud
AP cloud based office
Monitoring Video
sensor networks streaming  Bandwidth
<1Mbps 1 Mbps 10 Mbps 100Mbps ~ >1Gbps  throughput



fREME MR

TR

Egiﬁ&ﬁHﬂﬁﬁiﬁﬁ%&%ﬁﬁﬂ%ﬁﬂ%ﬁﬁ@%JEEEE’\JX?@“ B 12
AJ §E

- XEH], MERFISEHE

Elimination & Ordering

_\/
O

Replication

Client A
Client B

TSN Network DetNet Domain TSN Link
R P A cssrsooeseerssseeemmmmeen N W + ........................ R
BRI
i e c) EEDetNetREBAMEMIEE, LAEHIRENRATEE
B EZ ERsE, iR EIERE IR EARREN - Segment Routing

.« BRI
- BIIEE (BB, WESIHE)
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VPN+ OAM MCAST SFC

ET SRV E R F MR TT R

CSQF(Cycle Specified Queuing and Forwarding ): 155 &1XRTEIX B EFFNEE A 1#]
v IEHIRREE: WENEZIEIMERINERER, T8
v SRv6¥ R&: 7ESRv6 SIDHE AR IR CIRTE], =R ES—BhS SRS EERTE);

v IR EGEE : 8B SIFE T ATERI G TR (802.1 Qbv Time Aware Shaping), RIESIDFSRIIBTEHSENBN, (RIER S BERIEIS TR A,

IPv6 Header

SRH

PKT1

—>

)

uonesnuap| 8|24

[

BN FRim B iR RET RAVERZ

@ ‘ Packet with specified Cycle list < 1, 3, 4, 6> ‘

Node A . l

)

Buideys auemy awi|

[

[UJI.]]!JDEN uoisas Jg,ueu_]

v

Node B .

Node C .
Node D .

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6

Talker

A
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VPN+ OAM MCAST SFC
SRvV6 J
V ) J-L &, l
SRve FEEBMERTTZE:
v FEENERIER: Fsegment listiEREFIRIGGER S LAESHEREHITIELR,
v SRv6¥ E: 7ESRHAoptional TLVAfgRiAAmR (Flow Identification)fliRSCAIFESIS (Sequence Number), FATFSEHIS ERZRAGEHL;
v FIFASRVORIRIERIEEEST . TENFHISRV6 Function, IERRNIEEE RHITIRNEHIFILER
0 1 2 3
01234567890123456789012345678901
Next Header Hdr Ext Len Routing Tvpe Segment Left
< —— SRv6_ —— = > Last Entry Flags Tag
. Pve B 6 Header 2 [ L e — T
’ : _ I : Location & Function SID for Packet
! IPv6 Header I Replication/Elimination/Ordering
NV e e = = = 7 > IPv6 Header
Transit Node 1 _ 7
(3 @ o — IPv6 Header
End Ingress ?F?Lap\;'i?;n] Transit Node 2 ?S:xi:a()t?jn? Faress St::]i((j)n Payload
Station 1 Segment List[n]
IPv6 Header 1 IPv6 Header 4
IPv6 Header IPv6 Header 1 IPv6 Header
_ IPv6 Header 3 IPv6 Header Opticonal TLVs
IPv6 Header
IPv6 Header

Flow IdentlflcatlonOTLV

0 2 3
01234567 890193{::6.890 2345678901
Tvpe Length RESERVED
RESERVED Flow Identification

Sequence Number TLV

0 1 2 3

01234567890123458789012345678901
Tvpe Length RESERVED

RESERVE Sequence Number




SR OAM:

|P7& &) PN ERE FiE

o BARER: EEBIEEMMPEESRV6
o FEEE: E0)BERRFEEESRVG
o HEREN: E£5G SPNRZEFEBZESR-MPLS

RRU @
RRU @
RRU @,

BBU /i

Access

VPN+

Detnet IENOYNYEEM MCAST

ZITRIEZREEHLF

—/—

HAl, SREZREFMEESCEEMBZFNETR, FTEOAMIFIRENBIERISZIT,

ME: EQ=R, AE, B&EF

SR

Aggregation C/ore

i—"’iﬁU%ﬁHﬂE’JSR OAMHE (ANAMIGN) BEMIED, WENRERR,. T—LrIXERMENE,

SFC
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SRv6 Path Segment:

Case 1: E2E Protection
based on Path Segment

A2::1

Ad:: 10
(PSID)

. draft-ietf-spring-mpls-path-segment/draft-li-spring-srv6-path-segment(£HPath Segment, FHFHRHASRIER
«  SRv6 Path SegmentiEA\ZISID ListhHRE—MIE, F22HEHESID Listdlis.

.’.: B
a1
L o €
ho ,\
*s

# ~ :
PCE/ P‘E,EBC for PathSegment 2: PM based on Path Segment

Ad::1
A3::1
A2::1

Ad::10
(PSID)

Case 3: Bl-dlrectlonal SR-TE Path

VPN+

Detnet IENOYNYEEM MCAST

B SRR EFRIHOAMAL

Next Header

Hdr Ext Len

Routing Type

Segment
Left

Last Entry

Flags

Tags

SRv6 Path Segment

Huawei Technologies

—

SFC

__ SRv6

SID List
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VPN+ Detnet MCAST SFC

SRv6/IPv6 IFIT (In-situ Flow Info Telemetry)

Eﬁﬁm&ﬁﬁ *ﬁi*)l%“ LOC-D Funcl

LOC-C Func2
LOC-B  Func3
In/Out TS1
In/Out TS2

LOC-D Funcl

LOC-C Func2

LOC-B  Func3
In/Out TS1

LOC-D
LOC-C
LOC-B
In/Out TS1
In/Out TS2
In/Out TS3

Funcl
Func2

Func3

LOC-D Funcl
LOC-C Func?
LOC-B Func3

In/Out TS1
In/Out TS2
In/Out TS3
In/Out TS4

E,a‘§05®-:3 ﬁ-f

e}q*&

ﬁiﬁ «f‘”a d}@ﬂ“‘f

IFIT (In-situ Flow Information Telemetry)Z8#4g3#%5: draft-song-opsawg-ifit-framework

SRv6 In-situ OAMXZ#g: draft-ali-6man-spring-srv6-oam-01
IPv6 IFIT/IOAMXE: draft-li-6man-ipv6-sfc-ifit-00 IETF104@Prague

Hdr

Payload |
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VPN+ Detnet MCAST

SRv6 IFITHTFRRSGAMESFEPRER, FEESLARESCR R

& VFOAMYLE

https://tools.ietf.org/html/draft-ioametal-ippm-6man-ioam-ipv6-options-01

AR

Passport : . N .
o AFFRBBARCE R ELL

& ‘£ 4PBT(Postcard-based Telemetry)#Lil:

https://tools.ietf.org/html/draft-song-opsawg-ifit-framework-01
https://www.rfc-editor.org/info/rfc8321

R
o fROCE AN
o [ ek

PostCard

Meta data B user packet

- instruction

on T sn [ s |

I F I

User Intent

Network Cloud Engine

7 \s\e‘rvicg-qualityinformation
@ report by telemetry

ACL

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

R1 . R2 R3

= =

E2E SRv6 network

~

- R4

v

Packet Loss Monitoring

Y
SRv6 Extension

[on L sn | s
J

Y
SRv6 Extension

Latency Monitoring

Tokyo Interop 2019: WV A ¥ k&

Huawei Technolagies Cn

SFC



https://tools.ietf.org/html/draft-ioametal-ippm-6man-ioam-ipv6-options-01
https://tools.ietf.org/html/draft-song-opsawg-ifit-framework-01
https://www.rfc-editor.org/info/rfc8321

IFITRIFhhIZEFN4e o Tamk

2017FFIRE 510AMBY IR FIER 1L

o

20184F, ETNative IOAMI B, IRHEEFAIIPEAIFITS RIESL

o

o

o

FMCiscoR {ESE R IOAMZESRVE Y] % LA K I0AMBY Bip 1= 8Y

https://datatracker.ietf.org/doc/draft-ali-spring-ioam-srv6/

o

o

IETF104, LGU+. SKTES5SZIFTHXNXIBEIE

u]

u]

EXTIOAMFFERI AT B, R Itk

. https://www.ietf.org/archive/id/draft-song-ippm-ioam-scalability-01.txt

SRR

. https://datatracker.ietf.org/doc/draft-song-opsawg-ifit-framework/

T’ HF Hpostcard iz, k&R IERBIL

. https://datatracker.ietf.org/doc/draft-song-ippm-postcard-based-telemetry/

REBETHE (RFC8321) F¥EAIPostcard iz, LHEERE KRN

. https://datatracker.ietf.org/doc/draft-zhou-ippm-enhanced-alternate-marking/

https://datatracker.ietf.org/doc/draft-zhou-ippm-ioam-yang/

Fr 3 I Postcard B IR ML FA T
WA RIER, B —FIPV6/SRVEEHER

. https://tools.ietf.org/html/draft-li-6man-ipv6-sfc-ifit-00

Q2 RS E S R
HUAWE!
ek 201 iteror 1 $FRIEZ

=
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&
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https://www.ietf.org/archive/id/draft-song-ippm-ioam-scalability-01.txt
https://datatracker.ietf.org/doc/draft-song-opsawg-ifit-framework/
https://datatracker.ietf.org/doc/draft-song-ippm-postcard-based-telemetry/
https://datatracker.ietf.org/doc/draft-zhou-ippm-enhanced-alternate-marking/
https://datatracker.ietf.org/doc/draft-ali-spring-ioam-srv6/
https://datatracker.ietf.org/doc/draft-zhou-ippm-ioam-yang/
https://tools.ietf.org/html/draft-li-6man-ipv6-sfc-ifit-00

VPN+ Detnet OAM MCAST SFC

SRZ %

o Z¥& Use cases (draft-ietf-bier-use-cases-09)

T BRI S (eMBMS/4K)
o IPTV# OTT Ak

o EVPNEIBUM

o BIEDRLEEL/Overlay

o SRMZHRZEHELER

a

o EEEEL
o SDN#&l
RRU @
RRU @, % |
RRU @
Y SR |
@
S\ 3

DC BUM

»
»

Access \ Aggregation Core
|

. IPTV/

A 4

A
A\ 4
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VPN+ Detnet OAM MCAST SFC

IPvo BIER

A
bfrid=0
IPv4/6 Hdr:

IPv6 BIER i

SA: X, DA: mcastX IPv4/6 Hdr:
Payload SA: X, DA: mcastX
— | | IPv6 Hdr(Outer): Payload
S E 1PV6 Sk SA: A1, DA: mcY
Destination Obti Head 7 Dest Opt Hdr:
estination Lptions Header BIER BitString: 0110
B IPv4/6 Hdr(inner): 1 ‘; .
. WiZZ<HREE :
W EIPv4/IPv6 &3 - SA: X, DA: mcastX ;EI,\‘-“i BB
| |Payload —- =MEXEEFZ/1BRIME: BIER BitString

- —AEREESRIMFR: 1 bit !

2. RIiZ G
~ R#EBIER BitString (0110)§—MRESHIZEIZS M EDO

» draft-mcbride-bier-ipv6-requirements-00

- draft-xie-bier-ipv6-encapsulation-00 — IPv6 SA (A::1) #REMVPNYKSZ, 5iPve DAMfEunicast
- draft-xie-bier-ipv6-mvpn-00 SR
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VPN+ Detnet OAM MCAST SFC

HETFSRVOHITLIRASFC: ERBARENSFCHE

SR-unaware ]

SR-aware SF ]

IPV6(S, IPV6(S,
SFF1) SFF2)
SRH(D, SRH(D,
SFF2:SF2, SFF2:SF2,
SFF1:SF1, SFF1:SF1,

SL=2) SL=1)
Packet

Classifier

R, BRIEFFESARY draft-xuclad-spring-sr-service-programmingfz 4

ZBSRv6 SFCHZ, SR RERHSRHPEISID Listwhg, {XFEAMmService SIDEERIA]
SIDIEREIREAYE RISZAWSSER

Tom B SFF L4 Per-pathBPIRE R

SRH TLVA#HMetadata, AJ55EELNSH

coooo
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HETFSRv6 SFCRHIBIRASSFC: FEANSHAIFEB

Packet
off .. |

VPN+ Detnet

g

N>
3l

IPv6(S, IPv6(S,
SFF1) SFF2)
SRH(D, SRH(D,

SFF2:SF2, SFF2:SF2,
SFF1:SF1, SFF1:SF1,
SL=2) t SL=1)
NSH(SFP1 NSH(SFP1
. 255) . 254)

Packet Packet

OAM MCAST SFC

ocooCo

REANFS, BRSEEHdraft-guichard-spring-nsh- serir‘Ej:;E.':l:'.

SRv6 SID |IStT*+L$§7iE§1:: ==, NSHETF4HESISFEEER., ESFRINSHIMYN A%
ClassifierZEfE A\ SRVOIZLIETTNSHIFR .

SFFAERFSRVEHREL SNSHIRSLRIIRET KRR, AT IESFEIERIINSHEIEEI=ZIXTAISRVEHRL Z 5
SFILEXIFSRY6, RERFRENSHIMYAREEIRDAT
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¥ MARHB (Application-aware) IPv6RI4g

« FAIPveY RN B R E T RIEELSE L
- WMB\WEHNAEE, BT SHIHRE A IR A BRRIEN FH B SLAE R

Video from Netflix/Youtube APP
/ Game from Tencent APP

for applications

NS B ]
IPv6 H SRH TLVESID IPvé H
o App fi 8 [ 1Py H irve 1 | 3D YouTube
SID List MArgus'yFLE SID List | /] {‘a‘,%t%%iﬁ?{fﬁ IPV6 3"k -
App 15 B INE] SRH TLVESID > APP Info HBH
IPV6 " J 3k SRH TLV SRHTLV | Argus'¥ i i Tencent
Al DA T SLARIE 5
IPv6 H IPV6 H IPv6 H IPV6 H | sta[appip user o]
HBH m—) |—> APP Info » APP Info APP Info | App Req. Para. | ;l\jk%\;?ﬁuﬁ%ﬁﬁ (147
Video from Netflix/Youtube APP | SA |APP D |User ID| WSt 0k A SRVGES i Performance Guarantee MNHE B R E TR IPved ik

| Game from Tencent APP

3 YouTube

Tencent

[ﬂ%@%mﬁﬁ (1:47)

| App Reg. Para. | F:BRSRveEf 2

[ﬂk%@%ﬂiﬂ%%ﬁ (A7) 1

bS5 S R IR A ((EAT)
b 55 Al 55 I B fRAIE

b 5 R ESL T R (LBAT)
AR L FH 7 SR e i 2 AH N SRve g 18

R
IS B SR IPVe S f Sk
— ~—

<

<

P

M
U

APP

APP L
IPv6 APPEI LA EL A L 5 SRv6__(Network-side Solution IPV6 APPTT DL 1 {16 71
B EHIPved R Sk BB IPve Y RSk B

SRv6 (Application-side Solution

https://tools.ietf.org/html/draft-li-6man-service-aware-ipv6-network-00 IETF104@Prague
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https://tools.ietf.org/html/draft-li-6man-service-aware-ipv6-network-00

SRver=Iigin (Y

BRIPveF=llitin
i#I, shE, 2019.1.24

gy Qeier o O

S,
Tencentf 7, I IHS Markit .@.

L

=

50+ &2 AR (BEm/, OTT, ig&M, X%,

RALENREF)
e GO IETF IAB: Progress of SRv6
IETF Standards
s& Huawei: SRv6 for 5G and Tel-cloud
HUAVVVEI
Tencent, Tencent: SRv6 for DCI
‘e China Telecom: IPv6 development
FAes and SRv6 migration
P TSINGHUA: SRv6 Migration on
Wy CERNET2
Im_ Old Dog: PCE for SRv6
= ’ — y 0
SPIRENT. Sprient: Inter-op test for SRv6

Communications

China Telecom: Deployed SRv6 on Sichuan Province
Tencent: Considering to deploy SRv6 for DCI

Huawei Technologies Co., Ltd. | 23



SRv6FENVEIE SN (MPLS + SDN + NFV Congress 2019)

ERFERSRV6FILEIS £ :
ﬁ)plc 1: SRv6ifME \
MPLS+NFV+SDN World Congress 2019 sm HS: Network Evalution and SRVE
@Paris, 2019.4.10 v - _
—— HUAWEI Clarence: SRV6 NP Architecture and Usecases
Zhenbin Li: SRV6 for 5G and Cloud
aran)n, igie:
CISCO.

1. SRv6{fi{E: EERHELARSZIFFRLSSRIRTY Bt
(ﬁ[ﬁ‘éﬂgf‘r?&lﬁﬁﬂ: SRV6 VPN, [45RES, VPN+ik, /

SRVé6 IFIT/IOAM

7/“\% IHS Markit

A)pic 2: YNfAI{EHSRV6 &R \
EANTC: SRV6 Inter-op Test for MPLS Congress 2019
= = = Braat s —— . . OSpiren:t Spirent: SRV6 Test Capability and Inter-op Test
YRESIAHSRV6EHEMPLS Z 5T —XI PR MILEAE AN Huawei: SRV6 Deployment in China
Y iie:
scr W sonoe [T (RS 1. ST R E S REIFES
W cone S @muRkerL  sifartton D rednat 2. EER N RIE—ERRIS, 19e Et’i'a. ﬁ;&ﬁ"

TeC e eS Co. -1 24
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