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IPv6 +: EIR5GFI=AIIPRILEFRAS

SDN for Central
Control/Network
Programming

1970, ARPANET . an
. Single Service Integrated Bearing SDN

of Multi-Service - (I)r]:tTek:innets l l

Connectivity
= = . (Ccgn))
e Ty s & A

IPv4 Internet MPLS Transport All IP + IPv6+
(MPLS for IP Core/  (VXLAN for DCN) (Cloud/5G/loT, etc)
Metro/Mobile Transport)

o IPVOERE: Ml EAEREEEZIEXAIIPVOERE
o SGHETEENEM, =iZ 7T EEITSEE
o |IPVO+HY(ER:
o ETXIPELIAMRFEYE, FEARMNEEEEETEES
o ETIPveY EL/SRHEFY BMIFEZMENEER, wEmlSSaIE K,
o ETFXIPFEINMAMNERESE ], SCIIPERSMNESN NS, BAMNENE.
o EENESHUTENTER, H—THE IPv6
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IPv6} &sk/SRv6: ERIFRFRIMLEAIfRIEEE]

SRH: = EM4En]fRmiz=SIE

SRv6 SRH Header
PHeacer [™1oggt | 1288t | 1288t | 1286t
IPv6 Header __—J\\

IPv6 i sk

Hop-by-Hop Options Header

Destination Options Header

Routing Header/SRH The “Function” can identify

LZVPN/LIVPN, and any senvices or APP

Destination Options Header

IPIEZENARE: ToiEE (IPv4/IPve) ; Bk (MPLS) ; &BeiEiE (SRv6/IPv6+)
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IPv6 + i FNFREERIFR RN

IPv6+ 1.0: SRveEIiLEES

SRv6 VPN
SRv6 TE
SRv6 FRR
IPv6+ 2.0: HMR5G/=AIFMF
Network Slicing/VPN+ « OAM - SFC
In-situ Telemetry/IFIT - Path Segment - SD-WAN
BIERV6 « Detnet «  SRv6[E4E/G-SRv6

IPv6+ 3.0: APNG - EXIRN ARS8 R
ERHE: IPvel RL{EiEMASELE ML
EHE: =/MEETEHNEEEER
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IPv6 +tRER IS RSiHE

IPv6+ 1.0
SRv6

IPv6+ 2.0
5G&Cloud

IPv6+ 3.0
APNG

Page 6

DRresoan [Rreeauenl (SR Policy] [ISIS | [OSPFv3] [ VPN | [ BGP-LS | [ PCEP |[Protection|[YANG] | Deployment
VPN + [Framework| |SR Data Plane IPv6 DP IGP BGP-LS | | MT-based | |Flex-Algo based
IFIT |Framework AMM v6 IGP BGP BGP-LS PCEP YANG
G-SRv6 [Requirements| | Analysis Framework | B|ERv6 |Requirements Encapsulation
OAM Path Segment DETNET SFC SD-WAN PMTU
Problem Statement Use cases Framework Encapsulation Protocols Ext.
I REE ] [ WGDraft | | Potential WG Draft Individual Draft

www.ipv6bplus.net IRHEZSIREREER
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IPv6+ 1.0: SRV SEEMEPEWETT T, ISHEAEIE

BGP_LSfor SRv6
VPN&SRvV6 Path
extension____

(Cag))

(CCgxr))

- N

—_— --_—-_-
-—
———

SRv6 EPE extensmﬂ

@ @
>< L e

SRv6 EVPN/SRV6 L3VPN

PCEP for SRv6
MBN&SRV6 Path
extension == ====a_____

SRv6 Bt F kR

SRv6 Arch O H

Base
SRH O H
VPN SRv6 VPN O H
IGP ISIS for SRv6 O H
OSPFv3 for SRv6 O M
SDN BGP-LS for SRv6 O M

Interface | pCEP for SRv6 O M

O: Draft, No Risk  A: Draft, With Risk  X: Incomplete Draft
Page 7

AXIN5eRkZ2 ] 2XSRV6EIE

Wiz, EEREFE

. Implementations

Huawei: VRPV8; ATN, CX600, ME60, NE5000E, NE9000
Cisco:10S XR/XE
Open Source: Linux, FD.io VPP; Wireshark, Tcpdump, Snort, IPtables, Nftables, etc.

Inter-op tests:
EANTC 2019 — Test cases: SRv6 VPN, TI-LFA

Deployments
Softbank
lliad
LINE
China Telecom
China Unicom
CERNET2
MTN

See draft-matsushima-spring-srv6-deployment-status for details
& HUAWEI




IPv6+ 1.0 (1) SRvELTE4S ¢

Area Topic Draft Vendors Operators
Architecture SRv6 Network Programmin RFC8986 Cisco/Huawei CEEEEE]
g g Canada/Softbank
SRH IPv6 Segment Routing Header (SRH) RFC8754 Cisco/Huawei Bell Canada/Softbank
ISIS Extensions for SRv6 draft-ietf-Isr-isis-srv6-extensions Cisco/Huawei Orange
IGP
OSPFv3 Extensions for SRv6 draft-ietf-Isr-ospfv3-srv6-extensions Huawei/Cisco
. : : : Comcast/Bell
VPN SRv6 VPN draft-ietf-bess-srv6-services Cisco/Huawei Canada/Softbank/Orange
BGP-LS for SRv6 draft-ietf-idr-bgpls-srv6-ext Cisco/Huawei/Ericsson Bell Canada/ Orange/AT&T
BGP for SRv6 Sl Sy e O LT Cisco/Huawei/Juniper Microsoft/Google
SDN Interface policy
PCEP for SRv6 draft-ietf-pce-segment-routing-ipv6 Huawei/Cisco China Telecom
BGP Flowspec for SRv6 draft-ietf-idr-flowspec-srv6 Huawei China Telecom

* SRVGIESRIEINEZTRREARFC, BRE/ASRVEITEWRI—/ NI EIZE.
+  SRveEIFIHEREREFEPIBEII 7 TIE4HLast Call,
« SRv6 BGP FlowspecER# T{ERIEM.

Page 8 S Huawel



IPv6+ 1.0 (2) SRv6{=EY

Area Topic

SRv6 Base Yang

SRv6 TE Yang (SR Policy Yang)

SRV6 ISIS Yang

Draft

draft-ietf-spring-srv6-yang

draft-ietf-spring-sr-policy-yang

draft-ietf-isis-srv6-yang

draft-ietf-bess-srv6-services-yang

Vendors

Cisco/Huawel/Infinera/
Ciena/Ericsson

Cisco/Huawei/Juniper

Cisco/Huawei

Cisco/Huawei

Cisco/Huawei

Cisco/Huawei

Operators

Bell Canada/ Softbank

Bell Canada/
Softbank

LINKEDIN/Orange

*  SRv6 IGP/VPNEIYANGIZBHEMRMATIFHESE, SRVeEMIFHERESEPRIEMAATIFHEESE.

Yang
Models
SRv6 OSPF Yang draft-ietf-Isr-ospf-srv6-yang
SRv6 PCEP Yang draft-li-pce-pcep-srv6-yang
SRv6 VPN YANG
* SRv6 YANGIEERMREL S NARRERIE R,
Page 9
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IPv6+ 1.0 (3) SRv6ixzZliR{FIAS M AEEE

Area

Protection

SRV6
Deployment
Migration

SRV6 Security

Page 10

Topic

Mid-point Protection

Mid-point Protection

Egress Protection

SRv6 Deployment Status

SRv6 Deployment
Consideration

SRv6 Security Framework

Draft

draft-hu-spring-segment-routing-
proxy-forwarding

draft-chen-rtgwg-srv6-midpoint-
protection

draft-ietf-rtgwg-srv6-egress-protection

draft-matsushima-spring-srvé-
deployment-status

draft-tian-spring-srv6-deployment-
consideration

draft-li-spring-srv6-security-
consideration

Vendors

Huawei/Juniper

Huawei

Huawel

Cisco/Huawei

Huawei

Huawei

- SRV6EBERHMRILERE, MEEPESEINEIERHITE

~

=
=

Operators

China Telecom

China Telecom

China Telecom

Softbank

CAICT/China Telecom
China Unicom/Unipay/MTN

CAICT
China Telecom

2 Huawe!



G-SRv6/E4EIFIE (1)

BFHEFSEEYs
« [E4SRv6 SID128bits IPv6eitsiit, BT AMNBESILocatoritblitZEhIm 7S EL
« MNP mEILocatorB KB D ERRM E— 1N ARERBIHEIE B ER R o FeHY, ixdtbil=s
i8], #R9Common Prefix
« £—SRH SR Listd

o« Common Prefix@ESRHAARRER, SEHNMEISG—RIGIE: IPv6 DA
* Node ID + Function ID ABHSE, SRHPFFIZ(SEMEIR, fRJaCompressed SID(C-SID)
+ Argumentd[i&, B%E0, Padding=FERIEER0, THAERE, TEEMER

4 bits 2 bits 6 bits

4 bits

/40*n BFR /42 Loopback

/a8*niadLE
/48*niIHE

/48*n FER

/40 IPTVERSE
36 IS RGE <
/40*n Eifts

/36*n FAF i /40*n E/ERET
* /40*n FRER

Node Locator

* [ commonprefixinipvona |
Node-ID1 Func Args(opt) Padéding Node-ID1 Func
Node-ID2 Func Args(opt) Padding Node-ID2 Func
Node-ID3 Func Args(opt) Padding Node-ID3 Func
Node-ID4 Func Args(opt) Paeeding Node-ID4 Func
Node-ID5 Func Args(opt) Padding Node-ID5 Func
Node-ID6 Func Args(opt) Padding Node-ID6 Func
)
| ‘ | /
(SR )
SRv6 SID List j’i”g _C;Ig st
16 Bytes * 6 = 96 Bytes ~24Bytes
Page 11 S Huawel
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G-SRv6[EF&/RIE (2)

— R AEIESESID

«  SRHAHY128bitsHa]£§2E4 * 32bits C-SID, j@ZCL (Compressed SID left) #rRC-

SID7E128bits/32bits=4 SID/MEIRFHRINIE, BUYEO0~3
. FHEHC-SID = SRH[SL][CL] , 1&i%32bits C-SID#MZlIPv6 DA[CP: CP+31]

. TEX COC(Continuation of Compression) Flavor, $RAT—\SIDEE4ERAIC-SID,

WNERZABCOC Flavor, #xRT—NSID/9128bits SRv6 SID
. COC flavorz4{LlFPSP flavor, 1E£IGP/BGP4EESRv6 SIDRY, Eidiz4mE A

Forward the packet based on new DA;
else

{h1XEs
i if local SID is a COC Flavor SID // Update 32bits C-SID to DA
. ifDACL= 0 // First C-SID in next 128 bits
| SL--; CL = 3;
else // Next C-SID in current 128 bits
i CL--;
DA[CP.CP+31] = SRH[SL][DA.CL]; // CP: Common Prefix length

SRv6 processing

_________________________________________________________________________________

VPN SID (128 bits)

32bits copy

da
4sL

82 Huawel

- -
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IPv6+ 2.0 (1) SRv6[E4E/G-SRv6F1Path MTU

Area Topic Drafts Vendors
Compressed SRv6 SID List draft-ietf-spring-compression- Huawei/Cisco/Juni
Requirements requirement per/ZTE/Nokia
Compressed SRv6 SID List draft-ietf-spring-compression-analysis Huawei/Cisco/Juni
Compression Analysis per/ZTE/Nokia
Compr_ess_ed SRv6 Segment List draft-filsfilscheng-spring-srv6-srh- Huawei/Cisco/ZTE
Encoding in SRH comp-sl-enc
S(eagpm S8 R (e et draft-ietf-idr-sr-policy-path-mtu Huawei
BGP-LS Extensions for e : .
PMTU Advertising Link MTU draft-ietf-idr-bgp-Is-link-mtu Huawel
PMTU in PCEP draft-li-pce-pcep-pmtu Huawei
PMTU in ISIS draft-hu-Isr-isis-path-mtu Huawei

Operators

China Mobile/China
Telecom

China Mobile/China
Telecom

China Mobile/China
Telecom/FT/Bell
Canada/Alibaba

STC/China Telecom

China Telecom

China Mobile/MTN

China Telecom

« SRv6E4EZEDesign Team—EZRIIEE, SLEUE. RequirementflAnalysisEREEHE TIFHIEMN,
CSIDEREXRTERFLEPAGHEY, SEWMIT(FRIES, SR THAMEEE: 1. IPveltthEXaRE, F

BOMANEZT—IERHITER, 2. uSIDFIGSIDAMAE ENIIRFEZRSMFR.

Page 13
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VPN +: (RS SRE

Page 14

It e

imE i Y] A BT

* MEY R L ERERE
- OE, Wi, AR, Wk
© U E i W 254 i E

P25 )) FSEBIL

- MENASHAGBMESTE  gry6/IPYO
- AT, RBRREES based
© WA BUREIRA |

JREMERIRY] D

- Y)EEO

- BIETED (Flexk, EEMFED)
© MIZEER PN

* TSN

https.//tools.iettorg/html/draft-iett-teas-enhanced-vpn “ HUAWEI




SRv6 VPN +1¥¥ &
HEFE

BN RARRMNEY] FoERIZAYSRY6 Locator
BANMETEHISRVE SID iz A BLocator
(EFA—2BSRv6 SIDIRFSFEMEZT] HAVEFMORIR

dEHISEE

TR S NET FiLocator, SIDIIRERIEER
KEMZTI FiE$N, TTEETY R YRS AR

IETF VPN + {5 AL 3R

VPN+ Framework

https://tools.ietf.org/html/draft-ietf-teas-enhanced-vpn-01 (L/E4HCHR)

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 + 5 &I

Page 15

CL A 2 K185 T e 7nSRve VPN + W 2547) F Ji2 284 - F e A G138

[
M FARIRMEE)

RILELN A #1

SRv6 SID (128bit)
A

|

Locator

Wt UL A N

Functions/Args

Ll — — — — — — — =
RILEHI A #2 @%”Ml


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

BFIPvoEEmY R3Zi Mt HiRiR

N Ve TS GRS | e e e g A e — g s
© payoaslengn © HopLmt ISR ER— R ~
IPv6 B EE), SRR

Header
IPv6 ER9ithilt/SRv6 SIDABFEIEEMLEIRIMAZUE, HEIHED/T—b
VTN-IDAFEFEELZEOTHZME F SErFERO/ LR ER
- SR RETERAGAEAL :
MATFHRIMST R EREX BRI RS TS
MO REAMED RS ERLocator/SRv6 SIDHE, F#EEARIHIBER

HBH { Next Header Hdr Ext Len VTN-ID o

Header - jotreader  HorExtLen  Routing Type =4 Segmerts Lef2
ClestEwy  Fes T

Routing
Header A
(SRH)

VTN-ID=2 VTN-ID=1 PRBIART
oF A6::1 C GEO0/1/0
— e ) s Mainlf | VTN-ID
B e — N . GE0/2/0 | Mainlf | VTN-1ID | ISHBIN
I—h_‘l GEO/1/0 1 FlexE1
D > PlexE3:VTN3
& $ » GEO0/1/0 2 FlexE2
GE0/1/0 3 FlexE3
“ GE0/2/0 1 FlexE1
% GE0/2/0 2 FlexE2
Page 1 GE0/2/0 3 FlexE3

IPv6 VTN-ID¥ & : tools.ietforg/html/draft-dong-6man-enhanced-vpn-vtn-id




IPv6+ 2.0 (2) Network Slicing and VPN +

Area Topic Drafts Vendors Operators
Framework  VPN+ Framework draft-ietf-teas-enhanced-vpn Huawei China Mobile/KDDI
SR for VPN+ draft-ietf-spring-resource-aware-segments Huawei/Cis  China Mobile/China
draft-ietf-spring-sr-for-enhanced-vpn co Telecom/KDDI
IGP Flex-Algo for SR-based VTN draft-zhu-Isr-isis-sr-vtn-flexalgo Huawei China Telecom
SRl BGP-LS Flex-Algo for SR-based VTN draft-zhu-idr-bgpls-sr-vtn-flexalgo Huawei China Telecom
IGP Multi-Topo for SR-based VTN draft-ietf-Isr-isis-sr-vtn-mt Huawei China Telecom
BGP-LS Multi-Topo for SR-based VTN draft-xie-idr-bgpls-sr-vtn-mt Huawei China Telecom
Scalability Considerations for VPN+ draft-dong-teas-enhanced-vpn-vtn-scalability Huawei China Mobile
Network IPv6 for VPN+ draft-dong-6man-enhanced-vpn-vtn-id Huawei China Telecom
S\}IIS:\TE/ Slice IDVI /i IGP extensions for SR VPN+ draft-dong-Isr-sr-enhanced-vpn Huawei China Unicom/LGU+
BGP-LS extensions for SR-based VPN+ draft-dong-idr-bgpls-sr-enhanced-vpn Huawei China Unicom
PCE extensions for SR-based VPN+ draft-dong-pce-pcep-vtn Huawei China Mobile
Framework for End-to-End IETF Network Slicing  draft-li-teas-e2e-ietf-network-slicing Huawei ?;QC%rLTJ]nlcom/Chlna
- - : . - : China Unicom/China
) A IPv6 Encap for End-to-End IETF Network Slicing  draft-li-6man-e2e-ietf-network-slicing Huawei Telecom
SR for End-to-End IETF Network Slicing draft-li-spring-sr-e2e-ietf-network-slicing Huawei _?;g];r%mcom/c;hma
S allan Hierarchical IETF Network Slices draft-dong-teas-hierarchical-ietf-network-slice Huawei
«  IPREEI R Design Team$FEEIE(E, HHXERCEWTIEREN, SpBEidieMEIRIOBSHER, FimEk—,
- SRUIANZREZRWITIEHREMN, Segment AFERTIRRSTHIANE, FHEMITEEBERAA. o
Page17 .  Slice IDYINBLRMEITEMIENES, SHFERXNER, BSETHINASERETAH. V£ HUAWEI

- IPREIIRERISEER, BidtlR. SEIRNEERNE/HAE.



IFIT (In-situ Flow Info Telemetry) : EHEMAIEIEmEISIEE

LOC-D Funcl
LOC-C Func2

LOC-B Func3 LOC-D Funcl

In/Out TS1

LOC-D Funcl LOC-C Func2

In/Out TS2

LOC-C Func2 LOC-B Func3

LOC-B Func3 In/Out TS1

In/Out TS2

In/Out TS1

LOC-D Funcl

In/Out TS3

LOC'C FunCZ In/out TS4

LOC-B Func3

In/Out TS1
In/Out TS2

In/Out TS3

Hdr OAM Payload |

Page 18 S Huawel



IPv6+ 2.0 (3) IFIT (In-situ Flow Information Telemetry)

Area

Framework

Basic Encap

Encap type

Control Plane

YANG model

Page 19

Topic

In-situ Flow Information Telemetry
Framework

Data Fields for In-situ OAM

In-situ OAM Direct Exporting
Enhanced Alternate Marking Method

IPv6 Application of the Alternate Marking
SRH for the Alternate Marking

In-situ OAM Processing in Tunnels

BGP SR Policy for IFIT

PCEP SR Policy for IFIT

IGP/BGP-LS for IFIT

A YANG Data Model for In-Situ OAM

Drafts

draft-song-ifit-framework
draft-ietf-ippm-ioam-data

draft-ietf-ippm-ioam-direct-export

draft-zhou-ippm-enhanced-alternate-

marking

draft-ietf-6man-ipv6-alt-mark
draft-fz-spring-srv6-alt-mark
draft-song-ippm-ioam-tunnel-mode
draft-ietf-idr-sr-policy-ifit

draft-chen-pce-sr-policy-ifit

draft-wang-Isr-ifit-node-capability-
advertisement

draft-ietf-ippm-ioam-yang

Vendors

Huawei

Cisco/Huawei

Huawei/Cisco

Huawei

Huawei

Huawei

Huawei

Huawei

Huawei

Huawei

Huawei/Cisco

Operators

China Mobile/China
Telecom/SKT/LGU+

Bell Canada

LGU+
Telecom ltalia

Telecom ltalia

Telecom ltalia

China Mobile/Unipay
China Telecom/Unipay

China Unicom

HIBEPER (BIEIOAM Passport/Postcard. EFIPvoRIRE) MEXIHE, FETZSEIT(EHER.
ZREHREREME, BFFTHBIEEE, BGP-LSIY BRERSEHIT(EHIEMN,
IOAM YANGHRBYES M T {ERIZM,

2 Huawe!



MSR6/BIERV6: FBIFTIRSHIE

- T T T =< -~ o | am B, | want channel X
7
Vs
/
// | am C, | want channel X
| received info
/7 -,
S e e <y i L
; 1€1D1E 2 .J
(] |
@ N ! The intermediate nodes
2 by . do not need to know the
Source N ~ multicast group
. . N . .
BltStrlng \ information user want.
N
Encapsulate bitstring S
01111 )
of B,C,D,E in packet
t and send it to B,C,D,E

B,C,D,E

® ETBitStringFHIHM L BIg EEWE, EFHEIMitAR—IRIE
® JHTEBIERIR Lk #E W BitStringf5 B, SEBIRESHIE

Page 20 S Huawel



IPv6+ 2.0 (4) BIERV6/MSR6

Area

MSR6

Page 21

Framework

MSR6 BE (BIERV6)

MSR6 TE

Topic

Usecase/Design
Consideration

Gap Analysis
BIERV6 Requirements

BIERV6 Encapsulation ->
RGB Segment

BIERv6 MVPN ->
Source Segment

IS-IS for BIER6

BIERV6 Inter-domain
BIERV6 YANG

MSR6 Traffic Engineering

Stateless SRv6 Point-to-
Multipoint Path

Drafts

draft-cheng-spring-ipv6-msr-design-
consideration

draft-li-spring-ipv6-msr-gap-analysis
draft-ietf-bier-ipv6-requirements
draft-xie-bier-ipv6-encapsulation ->

draft-Ix-msr6-rgb-segment

draft-xie-bier-ipv6-mvpn-01 ->
draft-xI-msr6-source-segment

draft-xie-bier-ipv6-isis-extension
draft-geng-bier-ipv6-inter-domain
draft-geng-bier-biervé-yang
draft-geng-msr6-traffic-engineering

draft-chen-pim-srv6-p2mp-path

Vendors

Huawei/H3C

Huawei

Huawei/Cisco/
Juniper

Huawei

Huawei

Huawei
Huawei
Huawei

Huawei

Huawei

« BIERI{EHIA/IBIERVEARTFTABIER{EAMIZEENGIHES, IELEIRMBIERVEESR,
« BIERvV6ENative IPVvoENZITIES., 5BIERin6BFARMGE, 2EbFSRv6 vs. SR over UDP,
- MSR6RITIERRTN, BIERVEIEABERERMIE—ERS, MSR6 TERIAREHRERNE.
*  MSR6HISide Meeting kIIEETT, RISTEIR=XT. . £, ESHEMBOFIFAE. Wi nuawer

Operators

China Mobile/
Verizon/China
Unicom/China Telecom

Verizon/China Unicom

China Telecom/Verizon

China Mobile

China Mobile

China Telecom
China Mobile
China Unicom

Verizon/China Telecom



SRv6 Path Segment & OAM: EEHMIEEIFRSIEGEN S

R\

rd LY

- ~ .
: PCE/PCERC for Path Segment | :
Case 1: E2E Protection ,.v"' 3\\? Ca;sg 2 F:Mb?SEd on Path Segment Next Header Hdr Ext Len Routing Type Segment Left
based on Path Segment . e A2 My
T ' -~ @ h Last Entry Flags Tags

A4::1 Segment List[0]

A3:1 Segment List[1]
A2::1
__SRv6

A2::1 )
SID List

Ad:: 10
(PSID)

Ad:-10
(PSID)

Segment List[n]

SRv6 Path Segment

™,
Y

Case 3: Bi-difectional SR-TE Path

Page 22 S Huawe



IPv6+ 2.0 (5) SRv6 OAM and Path Segment

Area

OAM

Path Segment

Page 23

Topic

OAM in SRv6

SRV6 Light iOAM

Use cases and Mechanisms of
MPLS Path Segment

SRv6 Path Segment

Path Segment and Bidir Path in
BGP

Path Segment and Bidir Path in
BGP-LS

Path Segment in PCEP
Bidir Path in PCEP

ID Space Delegation

Draft

draft-ietf-6man-spring-srvé-oam

draft-li-spring-light-weight-srv6-ioam
draft-ietf-spring-mpls-path-segment
draft-ietf-spring-srv6-path-segment
draft-ietf-idr-sr-policy-path-segment

draft-ietf-idr-bgp-Is-sr-policy-path-segment

draft-ietf-pce-sr-path-segment
draft-ietf-pce-sr-bidir-path

draft-li-pce-controlled-id-space

SRv6 OAM#ETAERIEM, S&EIIT{EHLast Call,
SRv6 Path Segment (B&#%) ERETIEHIEMN.
SR Path SegmentZRERBLIFRIEMN, Z2RIEEEMMASR-MPLS, FEH B3ZIFSRV6,

Vendors

Cisco/Huawei

Huawel

Huawei/Cisco

Huawei/Cisco

Huawei/Cisco

Huawei/Cisco

Huawei/Cisco/ZTE
Huawei/Cisco

Huawei

Operators

Softbank/Bell Canada

China Mobile

China Mobile

China Mobile/China
Telecom

China Telecom/China
Mobile

China Telecom/China
Mobile

China Mobile
China Mobile

China Telecom

2 Huawe!



TAE RIS ILRAR

TURIGHE

‘%‘_ﬂjﬁ%ﬁ&lﬁEﬂ*‘éiﬁiﬁ%%ﬁ%%ﬁﬂ%ﬁﬂﬁﬁiﬁ{m%J‘EEJZE’\JS(B‘@., BIR
A g

- XS, MFRAIERE

Elimination & Ordering

G o

Replication

Client A

TSN Network DetNet Domain + TSN Link
@ rsssssEmEEEEEEEEEEEEEEE + ........................................................................................................................................................ »
S
HZERi ?EEDetNﬂﬁﬁE{ﬂ%iﬁﬂgg, LAl im 2 i EE
B REZ Bz, B REERAIE SR ERFEEM - Segment Routing

- HIRTRER
- MIIEE (B, HESIH)
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HI SRV U RIEF RS R

SRve EXEHRTE:

v THEENEREER: Hsegment listiEREFIRIGERFEIA L AESHNEERHITER;

v SRVGI FE: 7ESRHoptional TLVeEhgRztRA(Flow Identification)fIiRSZHIFSIS (Sequence Number), TSNS BRIZAIEIL ;
v FIFSRVOHIREMIZEE]: EXFHISRV6 Function, ISRIRIEISET M TR XS HIFTCER;

0 1 2 3
01234567890123456789012345678901
Next Header Hdr Ext Len Routing Tvpe Segment Left
< SRVE > Last Entrv Flags Tag
( ———— S %
< IPvE 1 IPv6 Header 2 1 ,_ IPv6 —» T

| _ 1 ‘ Location & Function SID for Packet

| IPv6 Header 1 i Replication/Elimination/Ordering

_———— == - ; > IPv6 Header

Transit Node 1 3 _ 7
@ - IPv6 Header
Ingress Relay Node-4. . Relay Node 2 Egress End
Ef‘d & [Replication] Transit Node 2 [Elimination] Stati Payload
Station 1 ation S ist[n]
2 egment Listln
IPv6 Header 1 IPv6 Header 4
IPv6 Header IPv6 Header 1 _ IPv6 Header
_ IPv6 Header 3 IPv6 Header Optional TLVs
IPUG Header | SRH3
IPv6 Header
Flow Identification TLV Sequence Number TLV
0 1 2 3 0 . ) s
01234567890123456789012345678901 01234567890123456789012345678901
Tvpe Length RESERVED Type Length RESERVED
RESERVED Flow Identification RESERVE Sequence Number
Page 25
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IPve+ 2.0 (6) DetNet

Area Topic Drafts
Architecture RFC8655
Framework RFC8938

DetNet SRv6 Data Plane Encapsulation draft-geng-detnet-dp-sol-srv6-01

DetNet Controller Plane Framework Draft-ietf-detnet-controller-plane-framework-02
DetNet
DetNet Configuration YANG Model draft-ietf-detnet-yang-04
SR for Redundancy Protection draft-ietf-spring-sr-redundancy-protection
SRH Extension for Redundancy Protection draft-geng-6man-redundancy-protection-srh
Redundancy Policy for Redundant : _
Protection draft-geng-spring-redundancy-policy
+  Detnet{EZ2. YANGHIIP/MPLSEF NS RO R TIERIEMN,
« BFSRERNRSFHEZWETIERIERN,
Page 26

Vendors Operators

Huawel/Cisco/
Ericsson

Huawei/Ericsson

Huawei China Telecom
Huawei/Ericsso  China Mobile
Huawei/Cisco China Mobile
Huawei/Cisco Verizon

Huawei

Huawei

2 Huawe!



Stateless5Stateful 53

SR-unaware
SF
L omomwerer

Stateless SFC
IPveE(S, 1 IPv6e(S,
SFF1) SFF2)
SRH(D, SRH(D,
SFF2:SF2,

SFF2:SF2, _

SFF1:SF1, = M eV SFF1:SF1,
sL=1)

—C DD

SL=2)

HFSRv6RISFC:

Classifier
No states

IPVE(S,
Stateful SFC SEF1) SFF2)
SRH(D, SRH(D,
SFF2:SF2,

SFF2:SF2,
SFF1:SF1,

SFF1:SF1,
SL = 2)
NSH(SFP1

F
NSH(SFP1 :
- 254) 1
Packe ==
-z e <

sSL=1)

- 255)

Packet

Packet
=
States: SRH - NSH
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IPve+ 2.0 (7) SFC

Area Topic

SR for SFC

SR + NSH for Stateful SFC

Control Plane for SR SFC

- SR SFCHRIZHERHERE LM, SRINSHERCK @I TIFHLast Call,

Drafts

draft-ietf-spring-sr-service-
programming

draft-ietf-spring-nsh-sr

draft-li-spring-sr-sfc-control-plane-
framework

draft-ietf-idr-bgp-Is-sr-service-
segments

draft-xu-isis-service-function-adv

draft-xu-ospf-service-function-adv

« BGP-LS for SFCRIEZE T {EHIEM,

SFC
BGP-LS extension for SR SFC
ISIS extension for SR SFC
OSPF extension for SR SFC
Page 28

Vendors

Cisco/Huawel/
Juniper/Nokia/Mellanox

Huawei/Ericsson/
Nokia/Cisco

Huawei

Cisco/Huawei

Huawei

Huawei

Operators

Bell Canada/
Orange/AT&T/
Alibaba/Orange

Orange
STC

Bell Canada/AT&T/
Orange/Alibaba

Telefonica

Telefonica

2 Huawe!



IPv6+ 2.0 (8) SD-WAN/CON

Area

SD-WAN

CON

Page 29

Topic Drafts

Dynamic Networks to Hybrid Cloud DCs draft-ietf-rtgwg-net2cloud-problem-
Problem Statement statement

SR For SDWAN draft-dukes-spring-sr-for-sdwan

draft-dunbar-sr-sdwan-over-hybrid-

SR for SDWAN over Hybrid Networks networks

BGP Usage for SDWAN Overlay Networks draft-ietf-bess-bgp-sdwan-usage
BGP UPDATE for SDWAN Edge Discovery draft-ietf-idr-sdwan-edge-discovery

IPv6 based Cloud-Oriented Networking draft-li-rtgwg-ipv6-based-con-01

Vendors

Huawei

Cisco

Huawel

Huawei/Cisco/Juniper

Huawei

Huawel

- SDWANRSIEREERHELIFEEN, BRZ=mRNIETIPVeHECEMR.

« BGP for SDWANRINYY RREESRIE TERIEN.
- SRv6 SDWANIETEHSTIERR,

Operators
FT/Verizon

LinkedIn/Alibaba/Bell
Canada

Verizon
Bell Canada

Verizon

2 Huawe!



M FBREENAY (Application-aware) IPv6RI4E

- FAIPveY LGN RER R AR NIGELL /LS
- RIEESNAGR, B SHIEREFEIREZERRIEN FRISLAZK

Video from Netflix/Youtube APP
/ Game from Tencent APP

RIS
IPv6 H SRH TLV&gSID IPve H
=En App EERINE
1 MArgusae S| smsmmns o semmsl 1PveH | [ 1Pve H | (3 YouTube
App 1EERINE) SRH TLVaESIDE »| APP Info HBH
Pv6i Rk | SRHTLV SRHTLY | Arousssie Tencent
=]
IPv6 H IPv6 H | | IPv6 H IPv6 H ‘ SLA [APP 1JUser ID
HBH — APP Info || AP nfo APP Info App Req. Para. %gﬁfuﬂﬂ?%n,ﬁ (£17) Ej
i i . s Performance Guarantee :‘='\E - N
e o 77 [StA [appiuser g MstistASRvGiE for applications RIFB(ES R EFRINIPV6S
Aop Req, Para [ﬂ%@%ﬂ%ﬁ#\ (57)
. . e
2 YouTube ESrRvetg [ DC 0 s .

W SREENPET R (E17)
WSS BRSS ERERIE

WSS RN T R (£17)
1A R AR RIS BRI SR OREIE

WS RFIAZT R (E1T)

Tencent | KFR%!
RNAEEREERIINIPVEY ES
L

V

APP
APP /
IPv6 APPETLAETEEIS MRS APN6 (Network-side Solution IPv6 APPEJLAEIGN G
[%?%%Eﬁlpfvargig ﬂ SHETEEIPVGH L
APN6 (Application-side Solution

https://tools.ietf.org/html/draft-li-6man-service-aware-ipv6-network-00 IETF104@Praque |
Page 30 ' ° ' ? S Huawel



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

APNGRI=FEZE

FHIN G BT =52 R T
® APP-ID !

O SLA Level ® DiffServ

O MAID ® H-QoS

oo o WL
o APPEBYIfEE o Dethet

O #%

O W3E ® BIER6

O Zax

TR R X 2% 0

® F4NRIE (perpacket vs. per flow, per node vs. E2E,
individual vs. statistics, etc. )

® ZEHWIE (per packet with per flow, per node with E2E,
individual with statistics, in-band with out-band, passive
with active, etc. )
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trEH|

* Side Meetings @IETF105 & IETF108

« Hackathons @IETF108 & IETF109 & IETF110 B
« Demos @INFOCOM2020 & 2021 .
 APN Mailing List Discussions - apn@ietf.org [ owis
* APN Interim Meeting @IETF 110-111 e
« APN BoF @IETF111, Approved! 30 July 2021, 1200-1400 PDT SR T

®: APNGIRI izXiE, SZFIE

SRR aatvEX, RRUIEEIBOF

-

IETF111 APN BoF N\

=/

IETF108

v Participants (66)
Q

sp & Shuping Peng
Me

W \ f IETF109 \ / IETF110 \
HUAWEL 0 -~ Birds of a Feather at IETF 110
2 14 Con wlmwe. D bare QOuminue 1Mo +onlrtvwo Sl
b ara L 3
Google '
Ben Tl
2 o Birds of a Feather at IETF 109
Al nccmonua Two proposals for Birds of a Feather (BOF) sessions at IETF 109
aim to determine the path for potential new work, generate
LRYy TN discussion about the topics. and determine interest for working
fi - ‘,‘_( (i \ on them within the IETF.
AW/ \& i/,
Learn more about MADINAS and APN
(intel)

e

https://www.ietf.org/blog/ietf109-bofs/
https://www.ietf.org/blog/ietf110-bofs/ g
https://trac.tools.ietf.org/bof/trac/wiki/WikiS &E‘I‘Hﬂ'ﬁﬁh



https://github.com/APN-Community
mailto:apn@ietf.org
https://www.ietf.org/blog/ietf109-bofs/
https://www.ietf.org/blog/ietf110-bofs/
https://trac.tools.ietf.org/bof/trac/wiki/WikiStart

APNZRIRTET IR

XRG4 TR = ERAL XHRAE
51 B v V=N 1 \\ e 4y — My
RS draft-li-apn-problem-statement-usecases A Bel.l Canada, FAfS. #30. .Eaéﬁ‘ APN i) (@1 P 75 i FH 431
5 H 451 Verizon. Toyota. Futurewei
1~k = 5 5 o
B draft-li-apn-framework #79, Bell Canada. Hif5. B3, KB, APNZRH) BARIN B

Verizon. Toyota. Futurewei

Gap Analysis [draft-peng-apn-scope-gap-analysis-00 N APNYE [ 5 B A HLHIAS [E] R v
draft-liu-apn-edge-usecase g, BN A Gt EAH I A
Fi 451 draft-zhang-apn-acceleration-usecase P, N I FH I T AH < FH A5
draft-yang-apn-sd-wan-usecase g, N SD-WANAH 2 FH 41l
s draft-li-apn-header *h APN=L % 2
draft-li-apn-ipv6-encap 1Eh APN TPv6HiHi 1Hi ) 4 2%
HBH draft-ietf-v6ops-hbh-00 . 5. BUE. Verizon HBH ) b B 75 3R SCA
ZALETA draft-peng-apn-security-privacy-consideration oy APN“Z 4 IS AL
FlowSpec draft-peng-apn-bgp-flowspec-00 R, B APNFJF1owSpec
YANG draft-peng-apn-yang-00 LS5 APNHJYANG

Page 33

- HLEWYEI




IPv6l BL(EHSE

IPv6y & ke H
HBH Header Routing Header DO Header
SRv6 TE/FRR/VPN \'
VPN+ ' (V)
IFIT Vv ' Vv
BIER Vv
APNG6 \' \' \'
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IPv6+F=1ES: HREIPV6 + AR SIER TR

HEHEIPVERIIRERE ERERS

Uik

IPv6+-

CHINA TELECOM

@ ExRBM

2 STATE GRID

(': | >

hEAH

FiE) O
§ Onec
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S ARECIFT L{FH

@ Ep Izl*zz_;b China on

|Pv6iIFNl Y T EZH
WA, SHEeS
~ 4
2 CAICT:seeseonr V2
Tahitxl

2 Tencen

CBN Cgriec; = RAufs
6 ’:('%ﬁm%

ChinaCache

n®

NG Iunio
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IPv6+7eMliETll: ETSI New ISG IPE (IPv6 Enhanced Innovation)

Operators Vendors Verticals Academia
g!i BIl Group Holdings Ltd. VCN LABS _.-==-""""=-~ - TR Input from industry
v W L7 pRERE FSCQM ~~ (Yqacafe B
,A%EW\’!‘!'&' G g @bank. " FUTUREWEI N.  Ignatia Sensors Ltd Vision
1P Counl Per / / lI I“ A I II Technologies \ Pmamve fire prevention and User safety &
UNIVERSITE DU N )
‘F"EEENEL l/ / CAICT qlﬁﬂﬁ HUxEnouRe @ glﬂon.nl-ndl(apodlnrhn \\Sln‘llll &‘ilfa“ B, Gap
- niversity of Athens \ 3 S &
! N —
@::'::; ::: 1 & e.reen for users D 7€7€ﬁﬂlfd \\ iw gf UC and Arch
. _ A : = e 1 & Innovation
u TUnll'Slglt ! POST E:;r;gseac ] ? jl!':i]ﬁgc?)é 'l *IPV6NOW % &
= k. === ‘ / " = | Testand Practice
VACITICIN ot SO, B ; L but
\ CISCO  Tawm Asialnfo,” e o laisons Contributions from members
CrysTaVIEWHD © TURKCELL /| T -
N, e ey O COSMOTE 7 i - _
Hiztest S Qasnn —— mhq. P P IEEE | Techoakeges
= AN g _ W T E T E I'RL , Standardization
~~. ’_,' TCs and ISGs
e e e e T e L] -
vigici SAAM CorpAdvisors \ I Technical specifications
m X Mmmwnﬂm.rw. PartIC|pantS | Counse”ors m Ez:ﬁ:sgcn | p TeSt cases and events
Commercial launch
Deployment &
a Industry Marketing
20 Members, 23 Participants, 1 Counsellor (Feb 2021) Jointly make an Open Platform for IP Industry
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®£H7E “IPve+” PEBEFTESR. Rl BFMAE

ES SRZR/AE HE PR

S el m—l— ,—
EEfR 7k
% o 058 (@ ERER HART P Y
Claro*- @' k PN e PLDT Ospl P %g:\,%% STATE GRID rfJ SPD BANK :§ POSTALSAVINGS BANK OF CHINA Rl
€185 Ao I fron B pEEn () 5 E A METHRT
CHIN; EEEEEE : &IEEEII EPKS:I’ HB’ ChinaUm'orfPay NNNNNNNNNNNNNNNNNNNN INDUSTRIAL AND COMMERGIAL BANK OF CIHINA T
& g Smmmeme  (¥) vakbimin
J XL aXIata @ \U uﬂ F?RH%HE%M ° China Construction Bank AGRICULTURAL BANK OF CHINA
< indosat //\ hE#zh @ i N e ‘
Bz 3§iGlobe  WIND & 4k £
6853550 \v/ SRR “ 10 okl @ ‘IZ,\I\’OI’ (Jlll\q-:

25k100+ “IPv6+" F5FE=RE=&LlER
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IPv6 + 25 -BFEFIMRIA,

IPv6 + (5B

SRv6 BERE:
FFE 1P FILEHRIE

FRSEE o N - MERE OrNS TN

SRv6 Network Programming

Ushering in a New Era of IP Networks

Page 38

MRIEIE “IPv6+" TES:

IPv6 + R FUHRSH

IPv6+RFIEBFH

I o
Tl ¥
IPRISRAAS PR IPRISKMAS 1 AR
SRV6 IFIT BIERV6 ETF RTINS
e e Y (ZIEF) IPvo+ZEF! 04 BEFREIIFITE

SR F/M2 01 (B4R IPv6+Z5) 03 MRS 01

IPRERNAS IPRERMNAHE

IP R G-SRV6

(SRR IPFEAHINEF) - AMIPV6
over SRv6 TE Policy ZERET

(BIEME) IPFREAHNED - Segment

S - f i
At Routing IPv6 (SRv6)

(BRI IPHEAHNES] - IPVEET
;,7‘::
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IPv6 + R5UBFEFNMIA, RIRERE “IPve+” IEE

IPv6 + (5B

N AR: https://item.jd.com/12948440.html
N hR: https://www.amazon.com/SRv6-Network-Programming-Ushering-Communication/dp/1032016248

|PV6+§§UEE¥:B IPv6+HRJBFH IPE Series eBook

HfE — #EEIREN R FhR

3R : https://e.huawei.com/cn/material/bookshelf/bookshelfview/202104/29153654
FhR: https://e.huawei.com/en/material/bookshelf/bookshelfview/202109/29105716

IPv6 + Z5fRSR

xR : https://support.huawei.com/enterprise/zh/routers/netengine-8000-pid-252772223/multimedia
T hR: https://support.huawei.com/enterprise/en/routers/netengine-8000-pid-252772223/multimedia
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