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Nokia SR OS T MSegment Routing Y7~R— F DFERE
EEEDERY A EEIZSROSANDEE, 2L DI—HF—TOHEA

SDN for carrier networks
SR OS

L] I
Segment Routing k2= 88 D 3L 76
Node KO Controller A— A

Shortest path Traffic engineering Legacy MPLSA S DI AT L—a>nr-bnF+UF ||

with protection PCC-init SR-TE JL—R##E, OAM, Control, Protection
SR-ISIS/SR-OSPF PCC/PCE topology
LFA/R-LFA discovery OAM and operations ~ Enhanced control E2E

LSP Ping/Trace PCE-init SR-TE robustness/visibility

SR-TE Auto-LSP Static and BGP SR Primary/Standby SR-TE

Fl_jgll’icyd S Seamless BFD for SR-TE  |Pv6 control plane
adamin-taggin i
999~ and SR policy IPV6 SR w/MPLS data

Enhanced statistics plane

Interop-testing Orange Labs/EANTC 2016-2020

SR-ISIS/SR-OSPF PCEP and BGP-LS BGP SR-Policy BGP Prefix SID
tunnels Cisco/Juniper/Huawei Cisco/Arista/Huawei Cisco/Arista
LSP-Ping/LSP-Trace

LFA/Remote LFA/TI-

LFA
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IPy6\ @ Seamless Transition |I‘

IPv6 control + Data

SR-MPLS/SRv6 various
tests with multiple
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Nokia SR OST®MEVPN H7R— FDFESR
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CloudRUDCH'— I I 1 D =& DEYPN
JAZN—HIDCT—hRhITA SRLinux

L2 and IRB
VXLAN to VPLS GW
Assisted Replication
VXLANvV6

Host Routing
EVPN-VPWS VXLAN
VXLAN instances
IRB Asymmetric

IRB Interface-ful
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WAN Network® i ®EVPN
MEFH—E R

EYPN-MPLS Cloud-WANA > 5% L —% 2> & Network Function Interconnect (NF-IX)

Multi-Homing BAT—ILESR/SR-PolicyDBEEZA > TIL—3>

PBB-EVPN

Proxy-ARP/ND

EVP&/VPLQ iw EYPNVXLAN/MPLS oy i s 1) 0

EVPN/VPWS iw I-ES Multl—Homlng

IGMP-snooping Security

EVPN-E-Tree Loop Protection

PBB E-Tree SYRNSUAAS L2 Services L3 Services 1213 Multicast SRV6 Seryices
Virtual ES EVPN-VPWS LLF IFL Model EVPN mLDP EVPN VPWS SRv6
EVPN for NF-IX EVPN Oper-Groups IFL and IPVPN iw OISM for IR SRV6 PW-HeadEnd
Asymmetric model B x| \p permit-List OISM for mLDP
MPLS instances VPWS local switching EVPN IGMP/MLD Proxy

EVPN Mcast Synch
OISM-MVPN/PIM iw
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Protection/OAM

SR'TE . 7) l/ 9—_ I:)( ’f y I\ 3 D ZI_I_:_ I‘ Programmtic
TILF KAAL 2 TODENd-to-End TOH—ERTATH 3y Traffc engineering

PCEP or NetConf

SR-TE LSP
Primary ERO =13005,13006,13007,13008,13009
Standby ERO =13013,13012,13011,13010,13009

\ R2 R6
node-sid =13013 node-sid =13012
+ Seamless BFDIZ & BLSPT—4 /A X BEE DFast Detection
« 1TDMSR-TE LSPIZ & LY TPrimary/Standys/ S X

o Active/ SR MS-BFDMDownlZ & Y FailoverA k) HEh 3
« ETDS-BDFE v 3 UhDown L1=BEXRDLSPIZFallback
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SR-TE: ¥ JLF kA A > TdEgress Peer Engineering
SR-TE/BGP-LSZEAL-TETATSIEY T 14—

BGP IPy4 Controller
prefix 11.1.0/24
color: 29543631
1
BGP SR-policy -
PCEP or BGP color: 29343631 BGR R polly 30609
SR Policy endpoint: 0.0.0.0 . Ingntill's]: 14007,14009
segment-list: 13005, 29387, 130609 segment-tt '
\1 BGP-LS

PCEP PClnitiate

PATH-SETUP-TYPE: Segment Routing
Endpoint object: dest-ip 192.0.2.11
SR-ERO object: 13005, 29387, 130609

BGP peer = R6, peer-node-sid: 29387
BGP peer = R8, peer-node-sid: 29388

IGP node-sid
label=13005
.l

IGP node-sid
label=14009

192.02.11
...... [ 102t |

RN
Peer Node SID

pop: 29387
next-hop: if_to_R6

IGP node-sid label=14007
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SR-TE : Color-aware T @) Auto-LSP
SRTEE PCEP 2L BTN ETRAESa=VF

SR-TE Auto LSP
ERO
=13005,13006,13007,13008,13009

Programmatic
control

Traffic engineering

PCEP

Route Import Policy:

from:
family ypn-y4
next-hop 10.10.0.10
community red

action accept
admin-tag-policy red-Isps
create-mpls-tunnel
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2N\ -sid =13006

~

‘ﬂ node-sid =13013 ode—sid =13012 RS
rodesie= node-sid =13011
BGP Route:
Next-hop
10.10.0.10
Community: Red
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SR 0S 21.0 T SRv6EILE

Data/Control 7 L— >

SRv6 ISIS shortest-path tunnel support

SID function support:

— End (node SID)

— End.X (adjacency SID)

— End.DT4 (IPv4 VRF, IPv4 Base), End.DT6 (IPv6 VRF, IPv6
Base), END.DT46 (IPv4/IPv6 VRF, IPv4/IPv6 Base)

— End.DX2 (EVPN-VPWS)

LFA/remote LFA/TI-LFA with SRH insertion
PSP (Penultimate Segment Popping) of SRH
USP (Ultimate Segment Popping) of SRH

Inserting hash output into flow label field at ingress PE
router

Hashing based on flow label at transit P router

Flexible algorithm: admin-group include/exclude,
IGP/TE/Latency metric

Flexible algorithm aware locator summarization
Uniform ECMP Failover for locator prefix

© 2021 Nokia

H—EX

IP-VPN (family vpn-ipv4 and vpn-ipv6).
BGP IPv4 and IPv6 routes in base routing instance

EVPN-VPWS with multi-homing support (family evpn)

OAM

Ping/Traceroute for IPv4/IPv6 VRF routes
Ping/Traceroute for IPv4/IPv6 base router routes
Ping/Traceroute of a SID/locator

TWAMP Light for dynamic interface latency
measurement (base and flex-algo topologies)

Eth-CFM in EVPN-VPWS service

TS5y b7+ —L

« 7750 SR /7950 XRS FP4 TS b T+ —L
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SRv6 data/control 7 L—

Transposition

ISIS/OSPFT M Advertise: RD2
* Locator
« END SID (Node SID) B U END.X SID (adjacency SID) &l
Eth-Tag ID=2
BGPT (MAdvertise: B P
» Service SID: END.DT46 (VPRN), END.DX2 (EVPN) _ Label =Oxabcde0 |
Block (40b) Node (24b) FUNCT (20b) ARG (0)

. ) — —

— EVPN-VPWS5 SID = (2001:0001:0000:0006) Kabed:e)§00:0000:0000

AD per-EVI route Nabcd:e)g

END.DX2 SID « Sub-Sub- Len=6 Loc Len=40
2001:1:0:6:abcd:e:./84 TLV=1

PE1 configuration

SRv6 source-address

Locator prefix EYR EY YR Loc Node=24 FUNC ARG Len=0 Trans Len=20
2001:1:0:1::/64 S5 as ar Len=20
PE6

(loopback): PEI Trans .
wipadE ISIS locator Offset=64 SRV6 Service TLV - Encoded
2001:1:0:1::1/128 2001106764 <] in BGP Prefix SID Attribute
End.DX2:
2001:1:0:1:b1:b100::/88 IP DA= PEG6 configuration

(2001:1:0:6) : (abcd:e) : : Ve T Note:

IP SA= 2001:1:0:1::1 2001:1:0:6::/64 * Default ©NLRI Label field® £ {z20bit % Function

IP Fields / Next-Hdr= Eth SRv6 source-address (loopback) fieldlIZfERT 5

2001:1:0:6::1/128
Ethernet Payload End.DX2 SID function (allocated or

configured):
2001:1:0:6:abcd:e::/84
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SRV6 PWAY KT K 7—XTUF ¥

CE3
EVPN-VPWS SRV6:L_Z/7-_Z PE3 — H
SN —
i SRv6 or MPLS
Backhaul 77 77 2 X TMDEVPN-VPWS SRv6 L
I2& %7 U X ~L2/L3VPN PEREI D # i S — 1. W .
« PWA Y RI 2 BPEASEVPN-VPWS % &1 L e o
LJ:‘EZ{E“O)-U-_ t\\x (:SUJ[Cha— %) E DF < T \/irtuaISEthlemet segment
N o 1 ingle-Active
« CustomerZ & [ZVLANRDQoS, OAME U R i
. S4B H pe- Ethernet outer
Secu rlty;b\ *zEﬁ:l\: é *L %) E y e zﬁ _ BAJJO Ethernet outer
JT E 'l‘ﬂi: E Next-header = Eth V6 DA = A2:10
3 i SRv6 Ethernet payload 5A = AL
* SRV6ARY T —I ATDSRVE TI-LFA | eyl ﬁpyhe*t'“eade“ -
« EVPN Single-Active Multi-Homingl= & APETL& P Paced Ethernet payload
e VES(virtual Ethernet Segment)[Z& Y 4D FE TDPEAN Y . &
Multihome, DF ElectionlZ & Y 1D M Active &3 DD 3

Backup P ? r
B =

Radio CE1 CE2
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SR-MPLS & SRv6 M Interwork
IP-VPN@®Service Interwork Gateway

VPN-IPv4 Route

20.0.0.1/32
Label = 524255
NH = cafe:1::4

SRv6 SID: cafe:1:0:2::

(_

PE2

PE1

Service interworking gateway

VPN-IPv4 Route
30.0.0.1/32

Label = 414206

NH = cafe:1l::1

SRv6 SID: cafe:1:0:1::

1 © 2021 Nokia

VPN-IPv4 Route

20.0.0.1/32
Label = 120105
NH = cafe:1::1

IP-VRF-SRv6-1

SRV6 | MPLS

BGP

MPLS

VPN-IPv4 Route

30.0.0.1/32
Label

NH

—
.

PE3

*[ex:configure service vprn "IP-VRF-SRv6-1"]
A:admin@PEl# info

segment-routing-vé6 {
instance 1 {

}
}

locator “LOC-PEL1l” {

function {
end-dt46

}

allow-export-bgp-vpn true

bgp-ipvpn {
segment-routing-v6 1 {

admin-state enable

srv6-instance 1 default-locator “LOC-PELl”

route-distinguisher 1:1
vrf-target {
import-community "target

export-community "target
}
}
mpls {
admin-state enable
route-distinguisher 2:2
vrf-target {
import-community "target
export-community "target
;uto—bind—tunnel {
resolution any
}
}

:64500:
:64500:

:64500:
:64500:

1"
K

1
1"

[l —DVPRN(VRF)A T
BEH DEncapsulationZ
HR— bk

« VPN IPv4/IPv6 Prefix % SRv6

&IPv4/IPV6 MPLS k5 VR
R— bk FA A U TEHE

Base Routing - T%
Interwork Gateway &

L CEfE

* IPv4/IPv6 BGP prefixe &
BGP-LU/6PE&ESRVE R A o >
fEl C#nzk
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EANTC MPLS SDN Interoperability Test 2021

https://eantc.de/showcases/2021/mpls sdn_interop.html
https://eantc.de/fileadmin/eantc/downloads/events/2021/MPLSSDNInterop/EANTC-MPLSSDNInterop-2021-WhitePaper.pdf

MPLS SDN Interoperability Test 2021 i -
E= CixoCroswork = :::m::’n:hl;ldu& == Nokia NP = SpireniNAU
Testing: Berlin, July 12-23, 2021 o

Virtual Congress: September 28-30, 2021

Cisco
8201

= &
ARISTA Cainex ciena Ayt \"g'
Q) Juniper 3\ Microcke NOKIA o0
HUAWE!
g A =
£ ribdon Ospirent —

Juniper
QFX1000272Q  GFX512048Y  PTX10001-36MR

Rbbon M owei
N/ NPT1100
' A £ 10008 /* ParagonX
Colnax Ciena Juniper Colnex. Juniper Juniper
ParagonNeo  ParagonNeo 5164 MX204  PoogonNeo  ACX7I0  MX204
= - pCE/ TS VXAN SRMPLS
s Core Router i Grandmaster E} Manoiguasacd e S |
PCEP Clocking kv
E] Emulator T Slave Clock D Route Reflector IF55] fan & o emes T FlexE Link
: [ e ot ——  Physical Link
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https://eantc.de/showcases/2021/mpls_sdn_interop.html
https://eantc.de/fileadmin/eantc/downloads/events/2021/MPLSSDNInterop/EANTC-MPLSSDNInterop-2021-WhitePaper.pdf

Segment RoutingBli& T X F 7 4 T L

+ Segment Routing

SR-MPLS with VPN Services
+ L3VPN over SR-MPLS
« IPv6 BGP-LU
SRv6 with VPN Services
« EVPN VPWS over SRv6
+ EVPN Route Type5 over SRv6
 IPv4/IPv6 GRT over SRv6
+ L3VPN over SRv6
SR-MPLS/SRv6 LSP Ping/Traceroute
Segment Routing Anycast Advertisement
TI-LFA
» TI-LFA over SR-MPLS
« TI-LFA with Local/Remote SRLG Protection over MPLS
* TI-LFA over SRv6
Flex-Algo
+ Underlay ISIS for SR-MPLS with Flex-Algo
« Link Delay Measurement in ISIS Underlay

+ SR-MPLS with Flex-Algo, 128(Low Delay), 129(Exclude blue),
130(Low TE metric)

« SRv6 with Flex-Algo
+ Flex-Algo Prefix Metric

13 © 2021 Nokia

EVPN

SDN

E-Line Seryice

Flexible Cross-Connect Service

IRB — Symmetric/Asymmetric IRB

Proxy MAC-IP Advertisement

E-Tree Service

IGMP Proxy

OISM(Optimized Inter-Subnet Multicast)
EVPN and IP-VPN Interworking

EVPN VXLAN and VXLAN Interworking
Seamless EVPN and VPLS

EVPN Fault Management

PCE-initiated Paths in a Stateful PCE model
PCC-initiated Paths in a Stateful PCE model
PCE Path Computation with SR-MPLS

PCE Managing SR Policies cia BGP SR-TE NLRI
Dynamic Instantiation of SR Policy

*Nokia Participated and Passed
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1k [Z B D HY o FzInterop Issue: Function length 16bit® &%
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L3VPN over SRv6

BGP provides L3VPN signaling capabilities over SRvé.
SRvé Service TLV is an extension of BGP Prefix-SID
Attribute to achieve signaling of SRvé SIDs for L3VPN
as defined in draftietf-bess-srvé-services. To make the
test more interesting, we explored the function bits of
SID carried in SRv6 network.

SR leverages the source routing paradigm. An ingress
node steers a packet through a ordered list of instruc-
tions, called segments, identified by SID. The SRvé SID
is composed of a locator ID plus a function. The func-
tion is defined locally on the node where it is exe-
cutes, and the length is variable, commonly known
between 16 and 96 bits.

We verified two options of the SID function bits, 16
bits and 20 bits. All parficipating PEs successfully
established the L3VPN over the SRv6 with its two
versions of SID function bits.

When 20 bits function was used some vendors did not
accept peer's SID higher than 16 bit even when ver-
sion upgrade for BGP routes started to accept routes
carry high-bit function values, but the data plane did
not match.

© 2021 Nokia

The devices that demonsirated interoperability using
the 16 bits SID function were:

= Cisco NCS 5501 (spine), Cisco NCS 540,
Cisco ASR-9901, Juniper MX204, Nokia 7750
SR1, Spirent N4U as emulated advertising node

& .

Nokia Spirent
7750 SR1 N4U
~
=
NCS-5501 N ANCSa00 2 NCS-540
= =2
o0 PR
Juniper Cisco
MX204  ASR-9901
SRv6 (ISIS) (" Spine IPv4/IPv6 L3VPN

Figure 7: L3VPN over SRvé
with 16 Bits SID Function

The devices involved in the test were:

® Huawei NetEngine 8000 M14, Juniper MX204,
Nokia 7750 SR1, Cisco ASR-9901 (spine, route

reflector)

Juniper
MX204

Nokia Huawei NetEngine
7750 SR1 8000 M14

—— |Pv4/6 Unicast Traffic ——

‘ SRv6 (ISIS)  —— Physical Link IBGP Peering

Figure 8: L3VPN over SRv6
with 20 Bits SID Function
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SR/SRV6SE D EE

+ EVPN-VPLS and MH, SRv6 Policy PNLVPLO WS I
VO service

_._ . MPLS-SRv6 Interwork
o BY3  BR7—ILMetro/WAN F * £ & (sRvé) SRvG L gateway TOR
7N IPv6 addressing, SRv6 dataplane .
7750/7950/FP4/FP5 gl >< DEEE [ bl = (i)
¢ SRv6/SR-MPLS IPv6 addressing, SRv6 dataplane
2N backbone  T750/7950 NFV
‘ FP4/FP5 ~
2 7/ 12 X /Cost-optimized metro K # A > (SRv6) 7750/7950 " appliance
PE 14 N IPv6 addressing, SRvé6 dataplane FP4/FP5 DC
7250-)2 gateway
N DC/MEC K 4 A > (VXLAN) TOR
N ; N
. . IPv4 or IPv6 addressing, IP dataplane
oc Metro K % 4 > (SR-MPLS, BGP SR) SR-MPLS border 7750/7950
7N IPv6 addressing, SR-MPLS dataplane router SRV6 IX

7x50 '}\'< gateway
7750/7950 >< Internet (BGP/IPv4/IPv6) Internet

o Metro K * 4 > (SR-MPLS, LDP, RSVP-TE, BGP-LU) IPv4 or IPv6 addressing, IP dataplane
2N

IPv4 addressing, SR-MPLS/MPLS dataplane 7750/7950
FP4/FP5

‘,'"‘ }“wF SRv6 capable router
~~J rrr. Y

: _ - oo ko= i}—— SR-MPLS, IP/MPLS router
@ J— R—F v b)) o OBERIRICIE CFRRE

750
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