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1. Segment Routing EA57EA




Segment Routing

« Segment Routing (SR)
. 2013*_tE<J:DIETF(;U;%—EE‘HBD\‘I%EQE*E(LE‘J—Z)I/—7_-4

L'f:.)l/ S —h"Segment” &M (EIND [EFD)IL—F—TEMU
TIEUULEIE] 7@‘:}5/1_13'5;8:? V—2Z2)—F a0 >0 %EIR

F—SFL—>& LT, MPLSEIPV6M2Dh 3,

Packet |6|5|3|2

(

\_

=z

SPYATAVE N =&
2,3,5,6 AL T
N ULAYZAV: > I
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SR. fA[HZEEKRLLD ?

EFX—=3>
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« VT2 3 BOTENREN RO
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Packet
Packet

{RIERE/R) CRITIEBULIEL) 5msec
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« KDHMNR NS T o wOHE (TE: Traffic Engineering)z X
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Terminology : Segment? SID?

Segment: an instruction a node executes on the incoming packet (e.g.,
forward packet according to shortest path to destination, or, forward
packet through a specific interface, or, deliver the packet to a
given application/service instance).

SID: a segment identifier. Note that the term SID is commonly used
in place of the term "Segment", though this is technically imprecise
as it overlooks any necessary translation.

https://datatracker.ietf.org/doc/rfc8402/

» Segment
« RIEEU/I\TY M UTHEITSNBAINRNES O3> - 57K
.« 5l 1 BBWENEITD, HBDA>F—TT—XIKTB. HBT7TU5— 3
> s O—EXIC®ITD
« SID
« SegmentdID


https://datatracker.ietf.org/doc/rfc8402/

<D : SRF1— MU I7)L@IANOG4A0

 https://www.janog.gr.jp/meeting/janog40/application/fil

es/2415/0051/7614/janog40-sr-kamata-takeda-00.pdf
METESZE(CIRDDT, TECZRBICEEHIIHULETY



https://www.janog.gr.jp/meeting/janog40/application/files/2415/0051/7614/janog40-sr-kamata-takeda-00.pdf
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SRv6

« Segment Routing over IPv6 (SRv6)

« Segment Routing)7—=

THRALEED
. IPV6ILsR~\ W4 —dDRouting Header(RFC8200)DFT LLWN\W S —T

»d. Segment Routing Header(SRH)Z*!| F

- OF v DFRT, IPv6ZT—5TL—> &0

100Gbps
10msec
Packet | SRH(2,4,6)
Packet | SRH(3,5,6)
10Gbps

Smsec



SRv6 : Segment Routing Header

« SRV6 Segment Routing Header

. IPV6ILsR~\ W4 —DRouting Headerz#:5E L. Segment Routing
Header(SRH)MDH TSegmentZzi@xl

0 1 2 3
012345678901234567890123456789¢01

| Next feader | mix oxt Ten | Routing Type | Seqments Left | - Next Header
++++++++++++++++++++++++++++++++++++++++++++++++++ S;sz_i(z:)—F:(z: <: EES::j)[:] r\~::]) L/CZ)::j)[:] r\~::]) Lf%g§1;5

(C12 B RiAF)

Segment List[n] (128 bits IPv6 address)

RS s . Hdr Ext Len

Segment List[0] (128 bits IPvé address) i SRHO)/\“J 9\_§ (87|-77__\\J I\i'fﬁ, H-%*)Jd)
3 ] 8ATTvV MNMIEZFET)

| | - Routing Type

| | Routing Headerd®Type (IANAZHY 1>, 4

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

/! i
7 Optional Type Length Value objects (variable) 1

e T e e e

Segment Routing Header https://datatracker.ietf.org/doc/draft-ietf-6man-segment-routing-header/
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SRv6 : Segment Routing Header

« SRV6 Segment Routing Header

. IPV6ILsR~\ W4 —DRouting Headerz#:5E L. Segment Routing
Header(SRH)MDH TSegmentZzi@xl

0 1 2 3
012345678901234567890123456789¢01

e At T e e e s St Rt s S e A S ah s . S f

| Next Header | Hdr Ext Len | Routing Type | Segments Left | egments Le t

B e R e T e e e T e e Tl et e R e e T \‘§§ 5 S g '& ET—
| Last Entry | Flags | Tag | Liib j C (/\ egl I Ienta);z i :t
i s e e e e e sl S e et

\
| Segment List[0] (128 bits IPv6 address)

Active’2Segment\DiR- > 45 —)
- Last Entry
Segment ListOfEE

|
|
}
|
| .
Flags 012 345%67
| | 8bitFlag.
|
|
|

[
\
s B e S e s et S e et s
\
[

e T S e T T T s o T T SN R e

‘ Entry(ZIANABIE, SO
\ Segment List[n] (128 bits IPv6é address) t-t-t-F-t+-t+-+-+-+
\
\ |
T S S S ST S S
// 1
// Optional Type Length Value objects (variable) //

// Ll
e T e e e

Segment Routing Header

https://datatracker.ietf.org/doc/draft-ietf-6man-segment-routing-header/
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SRv6 : Segment Routing Header

« SRV6 Segment Routing Header

. IPV6ILsR~\ W4 —DRouting Headerz#:5E L. Segment Routing
Header(SRH)MDH TSegmentZzi@xl

0 1 2 3

012345678901234567890123456789¢01
tt—t—t—t—t—t—t bttt b=t =ttt =ttt =ttt =ttt bttt ===+ . 'r:a

| Next Header | Hdr Ext Len | Routing Type | Segments Left | S;

AN ENY — M

t=t=t=t=t=t=t=t=t=t=t=t=t=t=t=t=t=t=t=t=tmt=t=tmtmt =t =t =t mtmt=t =t - —_ a— 9 7 \ Jﬁﬁ b\ é
| Last Entry | Flags | Tag | L__O)SRH ((—j\:l- 5 o &O)J:jj—d\$l
t—t—t-t—t—t—t-t-t=t—t—t—t—t—t-t—t—t—t-t—t =ttt —t~t—t-t—t—t—t—t -+

N3ME. SRH draft CTRATE L TLVRLAY, 4§
EDTage ANNDC ET. FEDSRHTHBD
EZRouterNR9g CENTES,

| |
| Segment List[0] (128 bits IPv6 address) |
\ |
I |
tot—t—t—t—t—t—t—t—t—t—t—t—t -ttt =ttt —t—t—t—t—t—F—F—F—F—t—F—+—+
\ |
\ |
| |
| |
s e e et et (TR T RS
| |
| Segment List[n] (128 bits IPv6 address) |
\ |
\ |
B i e e R A S S Kot R R S A e e St R B B e e
// 1
7 Optional Type Length Value objects (variable) 1

// Ll
e T e e e

Segment Routing Header

FIFAH . GTP-U Message Encoding

https://datatracker.ietf.org/doc/draft-murakami-dmm-
user-plane-message-encoding/

https://datatracker.ietf.org/doc/draft-ietf-6man-segment-routing-header/
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https://datatracker.ietf.org/doc/draft-murakami-dmm-user-plane-message-encoding/

SRv6 : Segment Routing Header

« SRV6 Segment Routing Header

. IPV6ILsR~\ W4 —DRouting Headerz#:5E L. Segment Routing
Header(SRH)MDH TSegmentZzi@xl

0 1 2 3

T‘S;l?;l;é;f'TEQ;?J?*T'; el $$yp s ;-f I‘TEIT - Segment List

 BeEa | wme L The T I EhE L TR L L\SegmentDSIDZAZIN T B,
UL | Seamentiateve KL (128bit) 0l T
| | =Nd. PR TARLLSegmentr 5 (C X
3 ] A ILTWNS(DED. Segment List[0](d&Ex
| 1 #dDSegmentHh AB),

| - L | - (Optional) TLV
o SRHD A 55— 5% I G 2 7= 8hDTLV

| | I—JLR. SRH draftTl& HMAC, PADD2
e DODTLVD\E% é;n—c LB,

7 Optional Type Length Value objects (variable) 1

// !/

s e s et s et

Segment Routing Header https://datatracker.ietf.org/doc/draft-ietf-6man-segment-routing-header/
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SRHMDHI| & SRHODALE

L2 Header

IPv6 Header
Next Header = 43(Routing)
Source IPv6 address = 2001:db8::1
Destination IPv6 address = 2001:db8::2

Hop Limit = 64 2001:db8::2/128  2001:db8::4/128
Next Header Hdr Ext Len Routing Type | Segment Left
41 (IPv6) 6 4 2
Last Entry Flags Tag
2 0 0
Segment List[0] 2001:db8::1/128 001:db8::6/128
2001:db8::6
Segment List[1]
2001:db8: 4 2001:db8::3/128 2001:db8::5/128

Segment List[2]
2001:db8::2

IPv6 Header
(RO TV —23>2)wv )




SRHMDHI| & SRHODALE

L2 Header * SRHDSegment Left 1idi5 9
- Destination IPv67” KL X7z /RMDSegment
IPv6 Header _ (Segment List[1])(CEE T D
Next Header = 43(Routing) - Hop LimitZz 159

Source IPv6 address = 2001:db8::1
Destination IPv6 address = 2001:db8::4

Hop Limit = 63 2001:db8::2/128 M 2001:db8::4/128
Next Header Hdr Ext Len Routing Type | Segment Left
41 (IPv6) 6 4 1
Last Entry Flags Tag
2 0 0
Segment List[0] 2001:db8::1/128 001:db8::6/128
2001:db8::6
Segment List[1]
2001:db8: 4 2001:db8::3/128 2001:db8::5/128

Segment List[2]
2001:db8::2

IPv6 Header
(RO TV —23>2)wv )




SRHMDHI| & SRHODALE

L2 Header * SRHDSegment Left 1idi5 9
- Destination IPv67” KL X7z /RMDSegment
IPv6 Header _ (Segment List[1])(CEE T D
Next Header = 43(Routing) - Hop LimitZz 159

Source IPv6 address = 2001:db8::1
Destination IPv6 address = 2001:db8::6

Hop Limit = 62 2001:db8::2/128  2001:db8::4/128
Next Header Hdr Ext Len Routing Type | Segment Left
41 (IPv6) 6 4 0
Last Entry Flags Tag
2 0 0
Segment List[0] 2001:db8::1/128 001:db8::6/128
2001:db8::6
Segment List[1]
2001:db8: 4 2001:db8::3/128 2001:db8::5/128

Segment List[2]
2001:db8::2

IPv6 Header
(RO TV —23>2)wv )




SegmentHMA[Z=FX T ?

L2 Header

IPv6 Header

Next Header = 43(Routing)
Source IPv6 address = 2001:db8::1
Destination IPv6 address = 2001:db8::4

Hop Limit = 63

2001:db8::2/128 2001:db8::4/128

Next Header
41 (IPv6)

Hdr Ext Len

Routing Type Segment Left

6 4

1

Last Entry
2

Flags

0

Tag
0

Segment List[0]

2001:db8::6

2001:db8::1/128 001:db8::6/128

Segment List[1]

2001:db8::4

001 -4b8::5/128

Segment List[2]

2001:db8::2

Cd. [2001:db8::4] WEDKLS1R/N
v NMLUIBZRIDOHN? ? ?

o (REDTTUT—232 )Ty ~)

IPv6 Header

— SRv6 Network Programming draft

18




SRv6 Network Programming

« SRv6 Segmenthigt 9 SEARFunctionZE&E

« BIERDIED . SRv6 Segment($128bitdDIPv6)” FL A THBfesh. MPLS
ELERT, BRAIRIEFEDFUNCtionZEERE I D ENTEDS

« SRv6 Segment Format

« 128bitdDIPV6 )77 RL AZEDKDICHEDIHEE (BT 1 —I)L RObitROFIPE(FHEL .
FIFHBEBNMFE(CEDDCENTED)
« LOC : Locator — Functionzi#ft 935/ — RDxRY N —DfIEZRT
« FUNC : Function — $E®DFunctionZ;x9 (FunctionDiEE (F4Lilk)
« ARG : Argument — (Option) Function(CX 9 35|#%ZR9

11 LOC(64bit) FUNC(64bit)

LOC+FUNC 2001:db8:0:1: 0:0:0:1

15112 LOC(64bit) FUNC(32bit) ARG(32bit)
LOC+FUNC+ARG 2001:db8:0:1: 0:1: 0:1

https://datatracker.ietf.org/doc/draft-ietf-spring-srv6-network-programming/
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SRv6_ — RODER

2001:db8::1/128
Source

2001:db8::2/128
Transit

SR Node

[ SRV6/ {5y RO J

Node

SRv6/\ Ty bDHT)EZ

TV IOy hEIX(E

[ SRV6/t4ry hDEE J

L2 Header

HRPD)L—4 —(ESRHZ Lookupt®
9 (C. FBFEIPV6)” RL R 7Z R THmiXx

2001:db8::3/128
SR Segment

Endpoint Node

[ SegmentDLE J

IPv6 Header
Src IPv6 address = 2001:db8::1
Dest IPv6 address = 2001:db8::3

L2 Header

SRH%Z Lookup L. Segment

(CE%TE =N /=FunctionZ==}E

SRH
Segment Left = 1
Segment List[0] = 2001:db8::5
Segment List[1] = 2001:db8::3

IPv6 Header
Src IPv6 address = 2001:db8::1
Dest IPv6 address = 2001:db8::3

L2 Header

IPv6 Header
(KBTI —23>2)Twvw )

SRH
Segment Left = 1
Segment List[0] = 2001:db8::5
Segment List[1] = 2001:db8::3

IPv6 Header
Src IPv6 address = 2001:db8::1
Dest IPv6 address = 2001:db8::5

IPv6 Header
(EBOF7TIo—23>2)Twvw )

SRH
Segment Left = 0
Segment List[0] = 2001:db8::5
Segment List[1] = 2001:db8::3

IPv6 Header
(EBOF7TUo—23>2) 0w )




SRv6 Network Programming

* Function

« End Function : Endpoint NodelCH UL\ TEREE S function

End YFE DPrefix(Node)\Routingd s

End.X YFEDInterface/\NRoutingd 3

End.T YFEDIPV6 Routing TableZzLookupd &

End.DX6 SRveDHTt)t%ZDecapL T. $FEDIPV6 Interface’\NRoutingd 3 (#ll : IPv6-L3VPN)

End.DT6 SRveMDHTt){t%ZDecapL T. $FEDIPV6 Routing TableZzLookupd 3 (4 : IPv6-L3VPN)

End.DT4 SRv6D B TtZ) L t%ZEDecap LT, $FEDIPV4 Interface”\Routingd 3 (#l : IPv4-L3VPN)

End.DT46 SRveMD T ) it&EDecapL T. $FFEDIPv4 Routing Table%ZLookupd 3 (5l : IPv4-L3VPN)

End.DX2 SRv6DH Tt t%ZEDecapL T, $FEDL2 Interface/NRoutingdd (45l : L2VPN)

End.DX2V SRv6D B TtZ)Lit%ZEDecapLT. $FEDVLAN L2 TableZLookupd 3 (5l : EVPN Flexible cross-connect)
End.DT2U SRv6DH T tZ)L{t%ZEDecap LT, $FEDunicast MAC L2 TableZLookupd 3 (Il : EVPN Bridging Unicast)
End.DT2M SRv6DH T tZ)L4t%ZDecapLC. L2 Table Floodingd 3 (#l : EVPN Bridging BUM)

End.B6.Encaps

BTEDSRV6 Policy(Binding SID)%ZEncapd 3

End.B6.Encaps.RED

¥TEDSRV6 Policy(Binding SID)%ZEncapd 3 (&FMDSIDIHIBR)

End.BM

¥FTEDSR-MPLS PolicyZEncapd 3




SRv6 Network Programming

» Function
« End Function : Endpoint NodelCH UL\ TEREE S function
End.X FFEDInterface/\Routingd 3
L2 Header

IPv6 Header
Src IPv6 address = 2001:db8::1
Dest IPv6 address = 2001:db8::3

SRH
Segment Left = 1
Segment List[0] = 2001:db8::5
Segment List[1] = 2001:db8::3

Endpoint
Node

Transit

Node

L2 Header

IPv6 Header
(EBRDO7 TV —23>2)wv )

5 : End.X

2001:db8::3
- End.X to IF1

IPv6 Header
Src IPv6 address = 2001:db8::1
Dest IPv6 address = 2001:db8::5

SRH
Segment Left = 0
Segment List[0] = 2001:db8::5
Segment List[1] = 2001:db8::3

IPv6 Header
(KBTI —23>2)wv )




SRv6 Network Programming

* Function
« End Function : Endpoint NodelCH UL\ TEREE S function
End.DT6 SRveMDHTt)it%ZDecapL T. $FEDIPV6 Routing TableZzLookupd 3 (4 : IPv6-L3VPN)
L2 Header

IPv6 Header
Src IPv6 address = 2001:db8::1
Dest IPv6 address = 2001:db8::5

SRH
Segment Left = 0
Segment List[0] = 2001:db8::5
Segment List[1] = 2001:db8::3

Endpoint
Node

L2 Header

IPv6 Header
(EBRDO7 TV —23>2)wv )
Sec IPv6 address = 2001:db8:1::1
Dest IPv6 address = 2001:db8:2::1

2001:db8::5
- End.DT6 lookup Table 1

IPv6 Header
(KBTI —23>2) 0w )
Sec IPv6 address = 2001:db8:1::1
Dest IPv6 address = 2001:db8:2::1

5l : End.DT6

[Tablel]
2001:db8:2::/64
- Nexthop is IF1 (CE1)




SRv6 Network Programming

e Flavors for End Functions
- End, End. X, End.T(C(ZEAF3FEFEDRI/\F—> W F1ET D

PSP IRHE#& ) — RDizE (Updated SL=0). Outer IPv6/A\w 4 —®DDestination7? RL X ZEFH LTz (C. SRHZPopd D
USP BEHLEHR ) — RDigE(Received SL=0). ©DSRH%Zpopd D
USD BEHLHEHR ) — RDiFE(Received SL=0). ©TDOSRHDUNIE & skip LT, IRON\WS —DIIBEITS
L2 Header L2 Header
IPv6 Header NI N IPv6 Header
Src IPv6 address = 2001:db8::1 RN ERiE ) — BI& Src IPv6 address = 2001:db8::1
Dest IPv6 address = 2001:db8::3 DC. S_RH%_ZDOP Dest IPv6 address = 2001:db8::5
L CGX{E
SRH IPv6 Header
Segment List[0] = 2001:db8::5 End (PSP)
Segment List[1] = 2001:db8::3 - -
: i Endpoint Endpoint
IPv6 Header
(EEOTTUT—23>) By ) Node Node




SRv6 Network Programming

 Function
« Transit Function : Transit NodelCcB UL\ TEfENSfunction

T BEDIPV6 Routing(CHiEL). X9 D (SRHICAIBEEZ LIRLY)
T.Encaps ¥FTEDSRV6 PolicyZEncapd d

T.Encaps.Red YFTEDSRV6 PolicyxEncapd 3 (RYIDSIDI(ZHIFR)
T.Encaps.L2 L2 Frame(CX$9 D T.Encap Function

T.Encaps.L2.Red L2 FramelCxt9 B T.Encap.Red Function

5 : T.Encaps

L2 Header

T.Encaps

IPv6 Header
Src IPv6 address = 2001:db8::1
Dest IPv6 address = 2001:db8::3

L2 Header Transit

>
(EBOTT Ur—2 3>y ) Node

IPv6 Header

SRH
Segment Left = 1
Segment List[0] = 2001:db8::5
Segment List[1] = 2001:db8::3

IPv6 Header
(KBOF7TUo—23>2 )TV )




Encapsulation or Insertion

« HP)DNetwork Programming draft Cl&. SRHICSIDZENT B.
InsertionZ={TDFunctionZEXx N TLVE

« UM U. Routing Header®izxrH_J — R(CH T BInsertion(IFRFC8200(C
TZEIFENnTLB s, Network Programming drafth 5 —ERR4N 1.
Bldraft CEER SN TLD

« SR domain® A DO TSRv6 "Encapsulation”Z=Eft L. SR Domaini D #HSRH
MDlnsertionZXEEI D ENDED

IPv6
IPv6 SRH
SRH | [ SRH | ............
IP IP IP

Bl [0 == reey (6] --------- [4]---[2]
W | w
I
L | w
[7

https://datatracker.ietf.org/doc/draft-voyer-6man-extension-header-insertion/
https://datatracker.ietf.org/doc/draft-filsfils-spring-srv6-net-pgm-insertion/



https://datatracker.ietf.org/doc/draft-voyer-6man-extension-header-insertion/
https://datatracker.ietf.org/doc/draft-filsfils-spring-srv6-net-pgm-insertion/

SRv6 Control Plane

« Control PlanelCDUL\TIlE 2 DOERS

1. SR Endpoint Nodeh'BHE

M9 BFunction/Segmentx R 9

IPv6)” FL R7Z22%y O —DI(CIL#EHRT D Z & (SIDDILHR)

2. Source SR Node EDSRv6 Segmentx 5L THT@ILLET S
NREEMNRET D E (SR PolicyDiRTE)

L2 Header

IPv6 Header
Src IPv6 address = 2001:db8::1
Dest IPv6 address = 2001:db8::3

(1) SIDDILLR

SRH
Segment Left = 0
Segment List[0] = 2001:db8::3

—W 2001:db8::3 is End.DT6

(2) SR POlICydDy_&l}:’_E IPv6 Header

Source

SR Segment

Transit
SR Node Node Endpoint Node




SIDDIL: ¥k

1. Function®LlLocator Prefix DH=[LEH I D

« SRV6HDILEZALT (C. @FEDRouting Protocol(BGP,OSPFv373:
E)Z= VYT Locator Prefixz®kw KD —D(CILERT D

e 553 ATDPrefixihN ED L SiRFunctionZ=ZET9 dMNILERSNIR
LDT. ENUIARL —F—HBIEREE T DINENHD

2001:db8::/64 via OSPFv3
| g

o Source =iy Transit il SR Segment
-pp SR Node Node Endpoint Node

OSPFv3 area 0 2001:db8::3 is End.DT6

2019/11/26 28



SIDDIL: ¥k

2. SRv6iLaRMDControl Plane Protocol (1/2)

« SRVEADYLEEZ ALY, Locator®Prefix/ZI3 TR K., EDLDIR
functionZi2t 9 3 ? & L\D 7=SRVEIEE DIBHRELIRT D

« RS T b
o IS-IS
« https://datatracker.ietf.org/doc/draft-ietf-Isr-isis-srv6-extensions/
« OSPFV3
« https://datatracker.ietf.org/doc/draft-li-ospf-ospfv3-srv6-extensions/
« BGP-LS
« https://datatracker.ietf.org/doc/draft-ietf-idr-bgpls-srv6-ext/



https://datatracker.ietf.org/doc/
https://datatracker.ietf.org/doc/draft-ietf-lsr-isis-srv6-extensions/
https://datatracker.ietf.org/doc/draft-li-ospf-ospfv3-srv6-extensions/
https://datatracker.ietf.org/doc/draft-ietf-idr-bgpls-srv6-ext/

SIDDIL: ¥k

2. SRv6iLsRMDControl Plane Protocol (2/2)

» Routing Protocol(CKDIAHRT DEDD—HI
- J— FEEBIR
« Supported SR Algorithm
« Maximum SRv6 SID Depth
« SRv6 SIDEE|FHR
« Topological Behavior Information (End/End.X)
 End : Node SID, End.X : Adjacency SID
« SRv6 SID Structure (Locater/Function/Argument Length)

« Anycast Property P e |
« Endpoint behavior

————————————————————————————————————————————————————————————————————————
End.DT64

Endpoint behavior



SR Policy

« SR Policy

« ’FFED

WNZzRIzITTEHIfTE5ITBIRE, SegmentDJ X b

« SRV6ZITTIA< . SR-MPLSEHEDHEE=

o ] AKERETR) N R 2B I fTzsbdDSegment X

« SR Policy(31 DB EdCandidate Path(C KDk E=ND
 Candidate pathid1 DLl _EdDSegment ListiCLK DB E=ND

Dest IPv6 address = 2001:db8::2

L2 Header 2001:db8::2/128  2001:db8::4/128
IPV6 Header SR Policy
Src IPv6 address = 2001:db8::1 Encap

Segment List[0] = 2001:db8::6
Segment List[1] = 2001:db8::4

SRH

2001:db8::6/128

‘ (VRPZFTUZ—232) Uy K

IPv6 Header
2001:db8::3/128 2001:db8::5/128

https://datatracker.ietf.org/doc/draft-ietf-spring-segment-routing-policy/
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SR Policy #&pk

SR Policy Candidate Path Segment List
: : . | W'ECMP
Sl e e #BEIDSegment List
. (Preference is 200) © <2001:db8::2,2001:db8::4,2001:db8::6> M BDIEEE.
§ ——— Weight(ZfELY, W-
: B-SID : 2001:db8:a::1 | : (weight is 60
(welg ) _ ECMP2N3
_ \[—SID-List2
Candidate Path(& |
Preferenceh'= L\ | : <2001:db8::3,2001:db8::5,2001:db8::6> 11 -
EOMEREND | | (weight is 4 SID-List1(CEf&D
/S | 60%MIO—. SID-
— CP2 ~SID-List1 List2 (C24AD40%
-~ (Preference is 100) ' <2001:db8::2,2001:db8::4,2001:db8::6> DOIJO—%&iRYT
. B-SID : 2001:db8:a::2 |  (weight is 50)
‘ —- SID-List3
. <2001:db8::3,2001:db8::2,2001:db8::6>
(weight is 50) %B-SID : Binding SID




SRv6 PolicyDiRE

1. &2EJOMILOILRIEENRREINTULSD
« EARNC(E, O>hO—ZF—M5., Twv> ) —RICX UTSR Policyzficfh 9 2>
UAMZEZEZSNTULSD
- PCEP

« https://datatracker.ietf.org/doc/draft-ietf-pce-segment-routing-ipv6/ (ERO/RRO)

« https://datatracker.ietf.org/doc/draft-barth-pce-segment-routing-policy-cp/ (Policy)
« BGP

« https://datatracker.ietf.org/doc/draft-ietf-idr-segment-routing-te-policy/
« Netconf(YANG model)

« https://datatracker.ietf.org/doc/draft-raza-spring-sr-policy-vang/



https://datatracker.ietf.org/doc/draft-ietf-pce-segment-routing-ipv6/
https://datatracker.ietf.org/doc/draft-barth-pce-segment-routing-policy-cp/
https://datatracker.ietf.org/doc/draft-ietf-idr-segment-routing-te-policy/
https://datatracker.ietf.org/doc/draft-raza-spring-sr-policy-yang/

SRv6 VPN/EVPN

« SRv6ZAHUL/ZVPN/EVPNZ1IR
5] : IPv4 VPN over SRv6 core

2001:db8::1 2001:db8::2

<

CE citel
(VRF 1)

CE2

------------------------------- e TP 4

SRv6 Core CE cite2
(VRF 1)

MP-BGP

https://datatracker.ietf.org/doc/draft-ietf-bess-srv6-services/
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SRv6 VPN/EVPN

« SRv6ZAHUL/ZVPN/EVPNZ1IR
5] : IPv4 VPN over SRv6 core

Server

10.0.0.1/24

CE1l

CE citel
(VRF 1)

CE2

------------------------------- e TP 4

SRv6 Core CE cite2
(VRF 1)

—

1. CEfXi%
Update
10.0.0.0/24

\ 4

MP-BGP

https://datatracker.ietf.org/doc/draft-ietf-bess-srv6-services/
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SRv6 VPN/EVPN

« SRv67%Z

Server

10.0.0.1/24

LY/ZVPN/EVPN3IR
5] : IPv4 VPN over SRv6 core

2001:db8::1 2001:db8::2

CE1l

CE citel
(VRF 1)

2. #RigInstall

Routing Table for VRF1

- 10.0.0.0/24 via CE1

2001:db8::1:1 -> End.DT4 for VRF1

CE2

------------------------------- e TP 4

SRv6 Core CE cite2
(VRF 1)

\ 4

MP-BGP

https://datatracker.ietf.org/doc/draft-ietf-bess-srv6-services/
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SRv6 VPN/EVPN

« SRv6ZAHUL/ZVPN/EVPNZ1IR
« {5 : IPv4 VPN over SRv6 core
Server B CE{ E1 =1
OO e G T SRve Core T T CEGtes
(VRF 1) (VRF 1)

\ 4

MP-BGP

3. BGP Update
MP_REACH_NLRI

-AFI =1

- SAFI = 128

- NextHop = 2001:db8::1

- NLRI(VPN) : 10.0.0.0/24

Label : Implicit-NULL

- SRv6 L3 Service TLV (BGP

Prefix-SID Attribute)

SID : 2001:db8::1:1 (End.DT4) ietf.org/doc/draft-ietf-bess-srv6-services/
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SRv6 VPN/EVPN

« SRv6ZAHUL/ZVPN/EVPNZ1IR
5] : IPv4 VPN over SRv6 core

2001:db8::1 2001:db8::2

Server CE1l CE2
10.0.0.1/24 S I N >
CE citel SRv6 Core CE cite2
(VRF 1) (VRF 1)
Routing Table for VRF1 ) - g
- 10.0.0.0/24 via CE1 MP-BGP
IPv6 IPv4
2001:db8::1:1 -> End.DT4 for VRF1 BIES5 5 AU ERERET Dest : 10.0.0.11
SRH
2001:db8::1:1
IPv4 IPv4
Dest : 10.0.0.11 Dest : 10.0.0.11

https://datatracker.ietf.org/doc/draft-ietf-bess-srv6-services/
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Beyond SRv6 : Header Compression

« SRVeDFEIE LT, Network Programmingia & DaEfH 72 Hl
HMTcEDI—5H. BTIUEDA—)\—~\v RHSR-MPLS &Lt
NKTCREWVWEWDSEDHHD

o« F—)\—~\wv RODLEER

Overhead : SR-MPLS and SRv6

IPv6 Header 250
——SRv6 SR-MPLS
40Byt
(40Byte) -
SRH MPLS Label Stack
(8Byte + 16*SID) (4*SID) 7
Original Header Original Header J:
o 100
o)
SRv6 SR-MPLS 50

0 2 4 8 10 12

The Num%er of SID



Beyond SRv6 : Header Compression

-%ﬂ%ﬁ%?%t@c\&%&Dﬁyﬁ-ﬁ4i%mé<b£5tb
CULWBEIDFEAN., ITERRA(CEm AL CLYD

« ST EUTIE. SRVE/SRHEARZZEET S - HIFI D ELWDSEDTIFRL,
HLUWATS I EESOELCLBRELOS
« IBTFIRZESNTWLDRED

« USID
« https://datatracker.ietf.org/doc/draft-filsfils-spring-net-pgm-extension-srv6-usid/

« SRM6 (LAFTIESRV6+ EWVWVDERITED )

« https://datatracker.ietf.org/doc/draft-bonica-spring-sr-mapped-six/
« C-SRH/C-SID

« https://datatracker.ietf.org/doc/draft-li-spring-compressed-srv6-np/
s ZTNENDIEEEUT. UTFTDORSA RBRETESE(CRDET

- _https://www.slideshare.net/kentaroebisawa/comparison-of-srv6-extensions-
usid-srv6-csrh



https://datatracker.ietf.org/doc/draft-filsfils-spring-net-pgm-extension-srv6-usid/
https://datatracker.ietf.org/doc/draft-bonica-spring-sr-mapped-six/
https://datatracker.ietf.org/doc/draft-li-spring-compressed-srv6-np/
https://www.slideshare.net/kentaroebisawa/comparison-of-srv6-extensions-usid-srv6-csrh

Agenda

3. SRv6 EFEIRR
« Implementation
« Operator



o Linux kernel|[ref-1], [ref-=2]: End, End.¥, End.T, End.DX:Z, En
End.DX4, End.DT6, End.Bf&, End.Bb.Encaps, T.Insert, T.Encaps
T.Encaps.LZ

d

-
r

DX

[mpt

o Linux srext module: End, End.X, End.DXZ2, End.DX6t, End.DX4, End.AD,
End.AM

o FD.ioc VEPE: End, End.X, End.DX2, End.DX6, End.DX4, End.DT&,

End.DT4, End.B&, End.Bbt.Encaps, End.AS, End.AD, End.AM, T.Insert,
T.Encaps, T.Encaps.L2Z

https://datatracker.ietf.org/doc/draft-matsushima-spring-srv6-deployment-status/
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SN

Vv

r—‘—1:4:1:
* KR
¢ = I= - *7%%%% Barefoot Networks:
Cisco:

o0 Hardware implementation in the Tofino NPFU is present since May
Cisco hardware platforms supports S5EH processing since April 2017, 2017
Wwith current status as follows:

o Cisco ASR 5000 platform with I0S ¥R shipping code. Marvell:
o Cisco NCS 5500 platform with ICS XR shipping code. 0 Hardware implementation in the Prestera family of Ethernet
switches.
o Cisco NCS 560 platform with IOS ¥R shipping code.
Intel:
o Cisco NCS 540 platform with IOS ¥R shipping code.
0 Hardware support on Intelfs FPGA Programmable Acceleration Card
o Cisco ASR 1000 platform with I0S XE engineering code. Minoo.
Huawei : -
UTStarcom:
o Huawei ATN with VREVE shipping code. . : g b . . B .
o Hardware implementation in UTStarcom SkyFlux UARS00.
o Huawei CX600 with VRPVE shipping code.
Spirent:

o Huawei NE40E with VRPVE shipping code.
o Suppeort in Spirent TestCenter.
o Huawei ME&0 with VRPVE shipping code.
g B 2 ; : Ixia:
o Huawei NESO00E with VRPVE shipping code.
o Huawei NE9000 with VRPVE shipping code. o Support in Ixia IxNetwork.

o Huawei NG-OLT MASS800 with WRPVE shipping code.

https://datatracker.ietf.org/doc/draft-matsushima-spring-srv6-deployment-status/
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SRv6 ARL —> 9> FEiE

« / Operators
- FE2dDImplementation memold K= ~K Dk

Operator Type Country Implementation Memo

Softbank ISP Japan Nationwide SRv6 network

China Telecom ISP China Multi-city SRv6 network

Iliad ISP Italy Mobile IP Network / Cisco ASR9k, NCS5500
LINE Corporation Datacenter Japan sHHSOtYvE 3> (CT!

China Unicom ISP China SRv6 L3VPN / Huawei NE4OE

CERNET?2 Research China SRv6 L3VPN / Huawei NE40E

MTN Uganda Ltd. ISP Uganda SRv6 based backbone network

https://datatracker.ietf.org/doc/draft-matsushima-spring-srv6-deployment-status/
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1. Segment Routing EA57EA
2. SRv6 EARERHA

« Segment Routing Header
« Network Programming

« Control Plane & SR Policy
« SRv6 VPN

« Beyond SRv6

3. SRv6 9% 'Ij(/R

« Implementation
« Operator
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