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IETF Network Slice Service YANGZE S, IETF
Network Slice Customer - IETF Network Slice
Controller (NSC)fEl. 97445 NSC NBIZXRIZT %,
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IETF Network Slice use cases and attributes for
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https://datatracker.ietf.org/doc/html/draft-contreras-teas-slice-nbi

IETF Network Slicezxf|HT 51 —R 7 —RXZFEHEL,
FTDA—RT—R%EFE-T-HIINBIZIEBEH AL RE
IEEEEEST BHRTTM



https://datatracker.ietf.org/doc/html/draft-contreras-teas-slice-controller-models
https://datatracker.ietf.org/doc/html/draft-ietf-teas-ietf-network-slice-nbi-yang/
https://datatracker.ietf.org/doc/html/draft-contreras-teas-slice-nbi

TEAS WGTHDINZETORYEHA

« T ORI VEXE (2021/10377)
(3) IETF Network Slice Controller @ SBI [ZEF AR5k

YANG Model for Scalable VTN
https://datatracker.ietf.org/doc/html/draft-geng-teas-enhanced-vpn-
scalable-vtn-yang

A VTN Network YANG Module
https://datatracker.ietf.org/doc/html/draft-wd-teas-vtn-network-yang

VPN+IZHE [T HYANGE &

Instantiation of IETF Network Slices in service

providers networks
https://datatracker.ietf.org/doc/html/draft-barquil-teas-network-slices-
instantation

IETF Network Slice Controller — Network Controller (i.e,
NSC SB)DEEEZE . NBIN D Slice ) VT AR (FlZ1E
LxVPN service) #+&IZLxVPN (LxVPN network) 5% E 3 %1=
ODFIEZEE

IETF Network Slice YANG Data Model
https://datatracker.ietf.ora/doc/html/draft-liu-teas-transport-network-

slice-yang

IETF Network Slice£{A® YANG data model %12 %, Network
Topology YANG (RFC8345), TE Topology YANG (RFC8765)
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YANG Data Model for Slice Policy
https://datatracker.ietf.org/doc/html/draft-bestbar-teas-yang-slice-policy
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Framework for IETF Network Slices

draft-ietf-teas-ietf-network-slices

e LI F. FrameworkkS5 7k EREED
P57 cDER(E RIRFE)

« BRAI05kR(2021/10)[Z;8> T3S

* FYL LLAIIl&Definition&Framework k=572
MANTRETE, 2021/412<—2

» draft-ietf-teas-ietf-network-slice-definition
» draft-ietf-teas-ietf-network-slice-framework

[C2INE)]

()]

~J

oY O) O) O) O

Introduction

.1. Background

Terms and Abbrevratlons

.1. Core Terminology

IETF Network Slice Objectlves

.1. Definition and Scope of IETF Network Sllce
.2. IETF Network Slice Service

3.2.1. Ancillary CEs
IETF Network Slice System Characterlstlcs
Objectives for IETF Network Slices
1.1. Service Level Objectives
1.2. Service Level Expectations
IETF Network Slice Endpoints
IETEF Network Slice Decomposition
ramework
IETF Network Sllce Stakeholders
Expressing Connectivity Intents
IETF Network Slice Controller (NSC)

3
3.2. Management Architecture
IETF Network Slice Structure
ealizing IETF Network Slices
Architecture to Realize IETF Network Sllces
Procedures to Realize IETF Network Slices

solation in IETF Network Slices
Isolation as a Service Requlrement
Isolation in IETF Network Slice Reallzatlon
Management Considerations
Security Considerations
Privacy Considerations

1.
4.
4.
2.
3.
F
1.
2.
3.
5.
5.
4.
R
1
2
3
4
5.
I
1.
2.
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1. IETF Network Slice Controller Interfaces

Applicability of ACTN to IETF Network Slices .
Applicability of Enhanced VPNs to IETF Network Sllces
Network Slicing and Slice Aggregation in IP/MPLS Networks
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3.1 Definition of IETF Network Slice

» draft-ietf-teas-ietf-network-slices-04
section-3.1 H'\5

 |IETF Network Slice (DER) &l...
 |ogical network topology

« connectivity resource requirements &
associated network behaviors

« Underlayh 5 i$3r

e ZhIZ&KY IETF Network Slice Service
Customern’, connectivityZi & w1t AT B

- EERICIRMET & mARICHEST

» technology-agnostic

« 73§ "Slice” [ZDULVTIL, %5 user traffic Zfth
DELDHI LN EHTH-ODEHESIUEELE
ZLTULVB A, IETF Network Slice (&, (KR#EE
2529 &) Underlay network MW rykD—o&EE
DEEIZxIETE, M DSLO/SLE(Service level
objective/Expectation) % R TE=5HLDEEE
LTLS

An IETF Network Slice Service enables connectivity between a set of
CEs with specific Service Level Objectives (SLOs) and Service Level
Expectations (SLEs) over a common underlay network.

An IETF Network Slice combines the connectivity resource requirements
and associated network behaviors such as bandwidth, latency, Jjitter,
and network functions with other resource behaviors such as compute
and storage availability. The definition of an IETF Network Slice
Service is independent of the connectivity and technologies used in
the underlay network. This allows an IETF Network Slice Service
customer to describe their network connectivity and relevant
objectives in a common format, independent of the underlying
technologies used.

IETF Network Slices may be combined hierarchically, so that a network
slice may itself be sliced. They may also be combined sequentially
so that various different networks can each be sliced and the network
slices placed into a sequence to provide an end-to-end service. This
form of sequential combination is utilized in some services such as
in 3GPP's 5G network [TS235017].

An IETF Network Slice Service is technology-agnostic, and its

realization may be selected based upon multiple considerations
including its service requirements and the capabilities of the
underlay network.

The term "Slice" refers to a set of characteristics and behaviours
that separate one type of user-traffic from another. An IETF Network
Slice assumes that an underlay network is capable of changing the
configurations of the network devices on demand, through in-band
signaling or via controller(s) and fulfilling all or some of SLOs/
SLEs to all of the traffic in the slice or to specific flows.
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3.2 IETF Network Slice Service

« 04hRTT3.2E L L TENM

* IETF network slice serviceZ gt 5EE52 &1
CE (customer’s endpoints) &£ R TEZL . CEfdlZ connectivity
matrices (p2p, p2mpZH) TEZEND £ . CEREIIZSLO/SLEZRHT S
EEICL
« SLO: Service Level Objective (SLO)
« SLE:Service Level Expectation (SLE)

« Connectivity matrix 7Z&L LI Slice connection types (04hk 4.2.1F) & D
%% 05k TRIZE#, 3.2E& TConnectivity matrix ZBA#E{EL . Slice
connection types [X05kk THllF%
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4. IETF Network Slice System Characteristics

4.1. Objectives for IETF Network Slices 4.2. IETF Network Slice Endpoints (NSE)

* Service level Characteristics « FUTERE
- Service Level Indicator (SLI) « conceptual points of connection to
« Service Level Objective (SLO) IETF network slice.
* Service Level Expectation (SLE) - identified by a unique ID in the context
* Service Level Agreement (SLA) of an IETF Network Slice customer
* =35, Measurable 7&% M &L TEndpoint . 04} TTILEndpoint DAERR (vs CE, PEYESC
ICRHtTESH SLO (ﬁllzli\ latency, BW 73 VBT OSER CEAREIL L #T

E)e. SLE IZDULVTHES

« SLE OHIELLTD@EY
« Security
« Geographic Restrictions
« Maximal Occupancy Level
* |solation
» Diversity
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5. Framework

« 5.1 IETF Network Slice Stakeholders
 Orchestrator

« |ETF Network Slice Controller (NSC)
* Network Controller

« 5.3: Interface of IETF Network Slice Controller

| Consumer higher level operation system |
| (e.g E2E network slice orchestrator) |

e +
A
| NSC NBI
\4
e +
| IETF Network Slice Controller (NSC) |
et i ettt e L e e +
A
| NSC SBI
4
e +

« 5.4: |IETF Network Slice Structure

NSE1l O....

| |....0 NSE2
. | |
. | IETF Network Slice |
. |  (SLOs e.g. B/W > x bps, Delay < y ms) | .
NSEm O o |....0 NSEn
| === |
[EP1] ( )= . ( )= . [EP2]
.'" IETF ! SLO .'" IETF !
( Network-1 ) ... ( Network-p )
[EPm] [EPn]
Legend
NSE: IETF Network Slice Endpoints

EP: Serivce/tunnel/path Endpoints used to realize the

IETF Network Slice
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Realizing IETF Network Slices / Isolation

6. Realizing IETF Network Slices
¢ F—RFHFERAR—T
. %ﬁ%zﬁ (Controller(NSC)&customer DB %IZ5E B)

The NSC exposes the network slicing capabilities that
it offers for the network it manages.

» The customer may issue a request to determine
whether a specific IETF Network Slice could be
supported by the network. <..>

» The customer requests an IETF Network Slice. The
NSC may respond that the slice has or has not been
created, <..>

* When processing a customer request for an IETF
Network Slice, the NSC maps the request to the
network capabilities and applies provider policies

before creating or supplementing the resource partition.

» Applicability
« ACTN
« VPN+
« IP/MPLS Networks

7. Isolation in IETF Network Slices

 Requirement (LV3 Etmay)
« #10) slice customer M ELEHEZ (TN KD

IETF network slice deliveryZZkL TL LY
Provider® Z B A>{th D slice customer® Ef
EIRRIZRL T, ZEZZITLHEWLVESWETE
ZLTLW

« ZOT&%E SLE (4.1.2) ELTERELTLWY

« Isolation [&. underlying network IZFH LT
ThHhn . dedicatedh i5sharingE THr < 73
resource partitioning IZ&>TigtEh 3

« RFMHIIE. VPN (L3VPN, L2VPN, EVPN)
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FrameworkkF 57 k3R

6.1 Architecture of an IETF Network Slice

The network slice
(service) as viewed by
the customer.

Controller
programs the
operations at
each stage.

The architecture
must not care
about the network
technology or how
it is operated.

|CE| | CE| |CE|
AC : AC : AC :
( IPE|....|PE]....[PE] ) ( IETF )
-- -- S ( Network
- ) ( Slice )
(  IETF Network Slice ) ( ) Customer
----------------------------- View
........................ N
\ / Controller
>>>>>>>>>>>>>>>  Grouping/Mapping v \% View
N e e e e e e e e e e e e e e e e e, —— - -
A ( IPE|..vvnnn [PE[..oovvt |[PE]....... |PE] )
____________ - - )
(O )
Controller | ( Network Resource Partition )
| ;
|>>>>> Resource Partitioning |
------------ of Available Topology |
\% \Y% |
L e
v v (|PE|..-..|PE]... .. |PE|..|PE]) ( )
\% \% .- P -- - -- -- ) ( Filter )
\% \Y ST |P| - ) ( Topology )
\% \Y% O 1 = P [P] ) ( )
\% \% ( Filter Topology ) eeee----
\% L2 A
v >>>>>>>>>>>> Topology Filter A /
Vo e s N Jo
% \ / Physical Network
V ________________________________________________
\Y ( IPE[..... SN [PE]....... [PE]....... |PE| )
\Y -- |P| - I Sai--
>>>>>>>>>( : e (123 B |P| )
Program ( P T -
the Network ( |P| .. |IPl. ... )
¢ - - )
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Set of network
resources available to
support a group of
network slice services.

Optional stage like

coloured graphs in

multi-topology, or

like clustering all

available resources

with a specific

property.
https://datatracker.ietf.org/meeting/interim-2021-teas-

O1/materials/slides-interim-2021-teas-01-sessa-open-issues-
framework-for-ietf-network-slices-00
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A Framework for Enhanced Virtual Private Network (VPN+) Services

draft-ietf-teas-enhanced-vpn
VPN+ Service

* Network Slicezxig#t9 4VPNEL TR HEAIC oo B
BYEiwsn=F57k
« VTN (Virtual Transport Network) ZUnderlaylZ

VPN serviceF izt 5= DA THY . K57
FDAALIEZDVINIZEEHSED

* VINORMEFER(D—2)ITSRZEE - = =
. SRE#HIZ. SRPRING WGHEIZKSZR&Y| B~
* draft-ietf-spring-sr-for-enhanced-vpn paration
* draft-dong-Isr-sr-enhanced-vpn-06 = !
» TEASWGTIZ, CORTTRDRBET |y v i gy | S oo
BOMREEEELINSOMESR (o 2w ==

 draft-dong-teas-enhanced-vpn-vtn-scalability

https://datatracker.ietf.org/meeting/103/materials/slides-103-
spring-segment-routing-for-enhanced-vpn-service-00.pdf

https://datatracker.ietf.org/meeting/110/materials/slides-110-

teas-scalability-considerations-for-enhanced-vpn-vpn-00
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Realizing Network Slices in IP/MPLS Networks

draft-bestbar-teas-ns-packet(-04)

e |IPIMPLSH®wkTJ—9 ETHRYk
D—DRASARZEEHT HIEE
o DiffservaR—XELT-IRE
e PEIL—3—IZHELV\T,. CEMLRIE
L7=IP/ Ny b2, RS54 RADER
F 729 MPLSTSXN )L s=ciEslice
Selector/Label)& N fﬁ:% EE —d—&%%)b_g_
DMPLSSAR )L E{T5 L TERE
> H-QoSERSAI Y
> BE—RYRT—DRXZA4AAXAANTDHQO0S
ZEH
> JEHBDOP)L—42—I4. Slice label&E®

QueueZ{ERk. €D T TEIFED
DSCPMDE(HLLIEMPLS Label TC
bit)[ZHE>F-QueueZFEIYUH T

f path-selection {

[ slice-definition {
data-plane-selector..
control-plane-resources ..

data-plane-resources ..
customized-slice-topology ..

sr policy ..

1
flex-algo .. | SRt S e /!
rsvp-te LSP .. | =

nSID:102 nSID:103
e » 2001 2001
Slice E ' ‘ ‘
Selector A >l 102 | At
Forwarding _ 103
label(s) ﬁ_x%{x
3, s . S
Automatic Slice Resource Allocations & R D Qo
per Slice QoS isolation
»  Slice label 1001 M Q2 it oA e |l
il BE
: . I AF1
»  Slice label 2001 Q1 A2 L]
-] Default Qo e
L T BHDHRS5A AN QoS
Per Slice statistics

https://datatracker.ietf.org/meeting/109/materials/slides-109-teas-
realizing-network-slices-in-ipmpls-networks-01

MPLS Japan 2021 (2021/11/1) 20


https://datatracker.ietf.org/meeting/109/materials/slides-109-teas-realizing-network-slices-in-ipmpls-networks-01

Realizing Network Slices in IP/MPLS Networks (#%)
draft-bestbar-teas-ns-packet z

[ slice-definition {
data-plane-selector..
T e SRS - \ control-plane-resources ..

o Label (j:Sllce POIICy Data Plane .' Path;:e;gﬁxn{ \E i gﬁgiégigzgz;iiggrissoiogy .
Selector Z R EDELTERSN | e, | :
Slice aggregateZ 2§ 9 % : | |

e Slice aggregate: Slice T (policy)

IZJL 7= packet forwarding Z3& A . - Ml it
IETF network slice traffic stream% e -] 2001 | 2001
J:FE % -g_ %) :E) 0) selector ...... »! 102 | i

Forwarding 5 103

e Slice Policy Data Plane Selector label(s) ——
‘j: S M P LS—G (j: DJs-F O) P57 I\ ' - J: L) Automatic Slice Resource Allocations & R DQoS

er Slice QoS isolation
EENDEDHD ,,

. »|  Slice label 1001 <7 i S L T |
- draft-decraene-mpls-slid-encoded- i e ']
entropy-label-id | ste abel 2001 a b 2y
.+ EMIERRTAR .. e || —
- draft-kompella-mpls-mspl4fa L T RIEDRATARENDQoS
Per Slice statistics

o FFMIIERB(MPLS/N—P)

https://datatracker.ietf.org/meeting/109/materials/slides-109-teas-
realizing-network-slices-in-ipmpls-networks-01
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Building blocks for Network Slice Realization in Segment Routing

Network
draft-ali-teas-spring-ns-building-blocks

* SR(SR-MPLS, SRv6)[ZXkYNetwork Slice ¢ SLIDIXIPv6, MPLSTHIFSIMZTES

S = oo = N
ZEORRT I EELIFTTR « MPLSTIZ. Entropy label R CfELVA
* TEAS/SPRINGD A7 DWG TR (Label—#I=SLIDE &) CIRIEZIZE
e LUTOHERESR  draft-decraene-mpls-slid-encoded-entropy-label-id

* SR Policy with or without Flexible Algorithm. o

« TI-LFA with O(50 msec) protection in the slice o0 (10 |\ MPLS label stack
underlay. oI 60% B ' Entropy Label Indicator

. SRVPN — J A Etropy Label

« SR Service Programming (NFV, SFC). = il D Payload

« OAM and Performance Management (PM). =it

J QOS using DiffServ eI Entropy Label

« Stateless Network Slice Identification (SLID) Q) SLA'E;S Entropy EXP|s| TTL

* Orchestration at the Controller 0 g © _

« RKESTRTIX., EDns-packet draft TE 0 o9 Q -
DSLIDIZEI<QoSMEEEFTLI=Y., e o | e PR
Flex_algolz;ésllceF&%gj&':ﬁrﬁﬁ?é:&h‘s ;Jnrlcél)igagl_blgédlng blocks shared | | X bits | 20.-x bits .8.b|ts
TSN TN PR Ao e
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_ o BERIZMPLSIZ



_ehbhiELT AL
e IETF110D PALS/MPLS/DetNet/SPRING 34> bty 3> T, CCHwmiET

,.,\ié'L,T_%ﬁf_&MPLS7’\)I/Z9‘J7( Xt BHRTTNEERLTER

E{RMIZIEZ. MPLSSAJILAAZYYDIE (BoS: Bottom of Stack) ®_EH FHILEIR/ ) T—
SAUHMER -1 . REERRT S EREEME

« $%[Z(Zdraft-kompella-mpls-msplafah¥§F A7\ I K
« IETF110M#+0pen MPLS DT meeting % i
« COEMTIE MPLSSANI RO L REEEBERIHYFEMT

* FYIl: MPLS Label Stack =

(Figure 1/RFC3032)

« EXPIZRFC5426TTCICZ
(Traffic Class)

0 1

3

0123456789012 345%672879 O 12345678901
tot—t—t—t—F—t—t—t—F—t—F—+—F—+—F—+—F—+—+—+—+—+—+—+—+—+—+—+—-+—+—-+-+ Label

| Label

| Exp |S| TTL | Stack

t—t—t—t—t—Ft—t—F—t—F—t—F—+—F—+—F—+—F—+—F+—+—+—+—F+—+—+—+—-+—+—-+—+—-+-+ Entry

Label:

Exp:
St
TTL:

Label Value, 20 bits
Experimental Use, 3 bits
Bottom of Stack, 1 bit
Time to Live, 8 bits



PRz iR YIRS



Keywords

« PW Control Word(RFC4385), ACH (RFC5085), =L T G-ACh
(RFC5586)
« ZLTEM PW Control Word %2 G-ACh{#>TUL\ARFCHiE
- %X, RFC4448 (Ethernet PW), RFC6347 (MPLS Loss/Delay;8l5E)
« ZLTENBBLMFAL, ITU-T G.8113.1 (& RFC6671)
» Special-Purpose label was Reserved label)
« RFC3032
« RFC7274

« RFC9017
- XFHIELTRFC8595

. BE
* https://www.iana.org/assignments/mpls-label-values/mpls-label-values.xhtml
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https://www.iana.org/assignments/mpls-label-values/mpls-label-values.xhtml

o o o =
TDEFD:EE
* MPLS/PW*°, MPLS-TPAVER DL\ TULV=CADEE(2005F 2 5)
« PWE3 (Psuedowire (PW) Emulation Edge to Edge) WGT®D# i

« ZMOWGIZXConcluded L. IRfEIX PALS WG IZ
« PWEIE: EIZMPLSZE > TEIFREIT(Ethernet, TDM)Z R 9 5 71=& D F it
TR
« RFC3985 [CEDF7—FET /L&, RFC4385 (PW control word)& & 71= FormatZi&
« PEITEZRINBDPWSA)L(BoS)IZ PW Control word ANEZzRSNB(ZELHH D)

« PW control word® Fi&: FragmentationX>Sequence number® E &4 E

PSN
(Packet Switched Network)

el e | PSN Tunnel label | & Label20bit + TC 3bit

- - :@: S mmm s '): o ’ PW control Word | ¢ 0000 + PW encapf&#z(28bit)
cer Mg Teen T e T ce
............................................... : Payload

Pseudowire (PW)

A

Emulated Service




PWTHLOAMMWNKHE=K1...LLVOZET

RFC5085 “Pseudowire Virtual Circuit Connectivity Verification (VCCV): A Control
Channel for Pseudowires”

« VCCV control channel messages% & &
« Headerl&PW Associated Channel Header, First Nibble = 0001 T in-band VCCVZ#E& &

| <m=——m———————— Emulated Service ---—---—-—---—--—-- > |
| |[<—————————- VCCV —————————- > | |
| |<——==——- Pseudowire —------- > | |
| | | |
| | |<—— PSN Tunnel -->| | | LSP Label TC, S, TTL
| % v v \ | PW LABEL TC, S(=1), TTL
\Y AC +————+ +————+ AC \Y
b + | | PE]l|===========—=======| PE2| | fo———— + 0001 @ Version Reserved Channel type
| | ————————— [ e e e e e e e PWl............. | ————————— | |
| CE1 | | | | | | | | CE2 |
| |——; ——————— [ e e e e e e e e PW2. ... |———————:——| | ACh message
-I— _____ -|— | | | 3 ] | | | —I— ————— —I— (LSP plng&~&)
~ o=t +-———t I
| | Provider Edge 1 Provider Edge 2 | |
| | |
Customer | | Customer
Edge 1 | | Edge 2
|
|

Native service Native service



MPLS-TPAYH TETOAMIZ...

« OAM (L. GAL + G-ACh (RFC5586) TE X

« G-ACh: PW Associated Channel (RFC4385, Clause 5.1) #—f%{tL7= Associated Channel #E%
e G-ACh A #->TLV3 LSP IZxfL T GAL = 13 (BoS) {0

« #1#R Reserve = 13 #{#H

« PWVCCV DIFE(L. GAL [T EIZ145H, £1-G-ACh header LIEMEILT (FIDRATMFSHR)

LSP Label TC, S, TTL
GAL (L=13) TC, S(=1), TTL
GAch - 0po1  Version Reserved Channel type
Header

ACH TLV (header &)
draft-ietf-mpls-tp-ach-tlv
[optional]

G-ACh message

« ZZEFETIZ. GAL + G-ACh ZHUL\TUL\HXE: RFC6374; 6426; 6427; 6428; 6435; 8169(; ITU-T G.8113.1)



Special Purpose Labels (SPL) & Extended SPL (eSPL)

« RFC7274 & RFC9017

« Label 0-15(SPL (ex Reserved label) or bSPL) & 16-255(eSPL)D{EHIZDULNT
« https://www.iana.org/assignments/mpls-label-values/mpls-label-values.xhtml

Value Description Reference Value Description Reference
0 IPv4 Explicit NULL Label | [REC3032] 015 Reserved. Never to be made -
1 Router Alert Label [REC3032] i available for allocation. [REC7274
2 IPv6 Explicit NULL Label | [REC3032]

3 Implicit NULL Label [REC3032] 16 Metadata Label Indicator (MLI) | [REC8595]
4-6 Unassigned 17 Metadata Present Indicator [REC8595]
- (MPI)
Entropy Label Indicator
! (ELI) RECO 7 18-239 Unassigned
812 Unassigned 240-255 Reserved for Experimental Use | [REC7274]
Generic Associated [ ]
13 Channel Label RFC5586
Reserved. Not to be made
14 OAM Alert Label [REC3429] available for allocation without a
REC72741TRFCI0 256-1048575 new Standards Track RFC to [REC7274]
15 Extension Label (XL) [ Il define an allocation policy.
17]
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https://www.iana.org/assignments/mpls-label-values/mpls-label-values.xhtml
https://www.iana.org/go/rfc3032
https://www.iana.org/go/rfc3032
https://www.iana.org/go/rfc3032
https://www.iana.org/go/rfc3032
https://www.iana.org/go/rfc6790
https://www.iana.org/go/rfc5586
https://www.iana.org/go/rfc3429
https://www.iana.org/go/rfc7274
https://datatracker.ietf.org/doc/html/rfc9017
https://www.iana.org/go/rfc7274
https://www.iana.org/go/rfc8595
https://www.iana.org/go/rfc8595
https://www.iana.org/go/rfc7274
https://www.iana.org/go/rfc7274

RFC6790 (& RFC6391)

* RFC6790 « SZZT/C, EMCP F#ITH AL, FAT label
* The Use of Entropy Labels in MPLS Forwarding (Flow label) LV 8L SIS IEH S

Entropy Label IndicatorjR{={NENIK-2:3:: K « RFC6391
SO RVILESRENEE &t . ECMPZ iR (TTL=0)  Flow-Aware Transport of Pseudowires over an

« LT ORI, PWHTHRICHE NN TLDAPWILETIEAEL MPLS Packet Switched Network
Entropy MPLS Label IR A& takat F.5Y - PW B7#2 (£ 28)/=. FAT label (BoS) £Z %, TTL=1

RTR DA RTR DA

RTR 5A RTR SA

MPLS E-Type (0x8847) MPLS E-Type (0x8847)

Transport MPLS Label Transport MPLS Label

Entropy Label Indicator PW MPLS Label

Entropy MPLS La bel
ey Flow MPLS Label

PW MPLS Label

PW CW

PW CW

=
LA
-

E-type (Ox0Z00) E-type (Ox0B00)

IPva Payload

if
Qi

LRtiaose https://packetpushers.net/fat-or-entropy-label/
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RFC8595

« An MPLS-Based Forwarding Plane for Service Function Chaining (SFC)

« Metadata EZI[Z eSPL T#%% MLI (Metadata Label Indicator), MPI (Metadata Present
Indicator) ZE % (Metadata LabelhBoSIZ%:5)

~ Tunnel Labels ~ ~ Tunnel Labels ~
e + o +
~ Optional ~ ~ Optional ~
~ Entropy Label ~ ~  Entropy Label ~
o + - - -
T T SFC Context Label |
| SPI Label | | ontext Labe | |
) ) - + Basic unit of MPLS label stack for SFC
- + Basic unit of MPLS label stack for SFC
| SF Label |
| SI Label | e __ - _
f——————— + - - - ~ ~
| Extension = 15 | e +
e + | SFC Context Label |
| MLI (16) | tomm +
- - — + | SF Label |
| Metadata Label | A +
o n | Extension = 15 |
fmm e +
~ Other ~ | MPT (17) |
| Metadata | e +
~ Label Triples ~ | Metadata Label
o + . e T
| | Figure 5: The MPLS SFC Label | | Figure 8: The MPLS SFC Label
~ Payload ~ Stack for Label Swapping with ~ Payload ~ Stack for Label Stacking
— 1 | | .
| | Metadata Label (—%poZ2 Carrying Metadata (—EBINEE)
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IETF110&111 PALS/MPLS/DetNet/SPRING agenda

*kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

IETF 110 PALS/MPLS/DetNet/SPRING Joint Meeting
Friday, 12 March 2021 - 12:00-14:00 UTC Room:7
120/120 min allocated

*kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

Chairs: Stewart Bryant and Andy Malis
Secretary: David Sinicrope

1. 5 min - Chairs’ intro - Andy MALIS
2. 20 min - MPLS architectural considerations - Stewart BRYANT
3. 10 min - DetNet data plane, RFCs 8938, 8939, 8964 - Balazs VARGA

4. 10 min - Generic delivery functions - Zhaohui (Jeffrey) ZHANG
https://tools.ietf.org/html/draft-zzhang-intarea-generic-delivery-functions-00

5. 15 min - MPLS in-situ OAM - Rakesh GANDHI
https://tools.ietf.org/html/draft-gandhi-mpls-ioam-sr-06

6. 10 min - Multi-purpose Special Purpose Label for Forwarding Actions - Kireeti KOMPELLA
https://tools.ietf.org/html/draft-kompella-mpls-mspl4fa-00

7. 45 min - Discussion - all

8. 5 min - Chairs’ summary - Stewart BRYANT

https://datatracker.ietf.org/meeting/110/materials/agenda-110-pals

B e S e S e e S e e e e R e e e T e e e e e e e s

IETF 111 PALS/MPLS/DetNet/SPRING Joint Meeting

Joint session with PALS, MPLS, DetNet

Tuesday, 27 July 2021 - 16:00-18:00 PDT Room: 6

120/120 min allocated
*hkkkkkkkhkkkhkhhkkhhhhhhkhhhhhhhhhkhhhhkhhhhkhhkhhhhhkhhhhhhkhhkhhhhrhhhhhikiikx
Chairs: Stewart Bryant and Andy Malis

Secretary: David Sinicrope

5 min - Chairs’ intro - Andy MALIS
20 min - MPLS Open DT summary and status - Stewart BRYANT
In-stack Indicators

10 min - draft-kompella-mpls-mspl4fa FAI MSPL I-D: Kireeti KOMPELLA
10 min - draft-bryant-mpls-aux-data-pointer-00: Stewart BRYANT
5 mins- draft-song-mpls-eh-indicator: Haoyo SONG

Meta-data Encoding Options:

20 min - MPLS Extension Header: Enabling Extensible In-Network Services - Haoyu SONG
Objective: Recap the solution proposal with some updates based on the DT meeting discussion.

draft-song-mpls-eh-indicator
draft-song-mpls-extension-header
draft-andersson-mpls-eh-architecture
Draft-andersson-mpls-eh-label-stack-operations

10 min - draft-zzhang-intarea-generic-delivery-functions GFD Encodings - Jeffery ZHANG

35 min - Discussion - All
5 min - Chairs’ summary - Stewart BRYANT

https://datatracker.ietf.org/meeting/111/materials/agenda-111-pals
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Multi-purpose Special Purpose Label for Forwarding Actions
draft-kompella-mpls-mspl4fa

o IETFI10CEEREZ I TR LR KRKXDFS T xpiosncs

- FZT7RDBEBIIE. MPLS/ 4y Z“Forwarding Actions Indicator” (FAI)%: 5 T2 “Forwarding Actions
Data” (FAD)Z %L . Slice ID (GISS (Global Identifier for Slice Selector))*>NFFRR(No Further Fast
Reroute)i:E D % B A BI{E% . bSPL(base SPL)Z{#> TRt 352 &

- REDEFEIZIX. MPLS label stackfL¥ (Forwarding Engine)(ZdhY
o RAYOEIZEDH YLK LabelfEE BoSIZRAEMD M., TC (ex EXP) & TTL (X #)E&(Top of Stack)Lm k4750
« Top of SlacklZ%iLY, SPLIZXfL T, SPLIZRAMTCAOTTLIXNERIZIZREH S > HREETESTIE?

MUST
Process label 0 1 2 H_S_T73/~ process
values (20 bits) for ©1234567890123456789012 8901 | Eos bits
: TC & TTL 1
accessible labels \ i

-------------------- B Process
for SPL, entropy bttt T T o o F o [F oo T T reat tebo b oot o o Ittt o oot 3 .
| '///*’;cp label fin stack G [ TC Z;X TTL | | S g
‘ + R ; + oottt ‘ of Stack
I

TTL1 | | label

B s o S S Ty
label

b -ttt -ttt -t-+

https://datatracker.ietf.org/meeting/110/materials/slides-110-pals-6-10-min-multi-
purpose-special-purpose-label-for-forwarding-actions-kireeti-kompella-00
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Multi-purpose Special Purpose Label for Forwarding Actions
draft-kompella-mpls-mspl4fa-01
0 1

3
0123456789 012345678901234567289%°01
TC S TTL
S NS R S E?%Yfémm
| (previous forwarding label | TC |0] TTL | H FAH (Forwarding Action Header)
+—+—+—+-+-+—-+-+—-+-F+-+—+-+-+-F+-+-F-+-F-+—F—F+—F—F -+ —-F—F—+—F-+-+-4 E Entropy
| Forwarding Actions Indicator |H|A|N|S|E G|E|[h| edist | G GISS
e e a a L  mk al Egg&ﬂ?
| LS Forwarding Actions Header | S| | A LS FAD is present not
+—+—+—-+-+-+-+-+-+-+-+-+-+-+-+-+-F+-+-F-+—F+-F+-F+—F-F+-F+—-F+—F—-+—F+-+-+—-+
| LS Forwarding Actions Data S| | h EL FAD contains hop-by-hop”information
edist “distance to End of Stack
+—+—+—-+-+-+-+-+-+-+-+-+-+-+-+-+-F+-+-F-+—F+-F+-F+—F-F+-F+—-F+—F—-+—F+-+-+—-+
| More LS FAD and/or other labels | S|
+—+—+—-+-+-+-+-+-+-+-+-+-+-+-+-+-F+-+-F-+—F+-F+-F+—F-F+-F+—-F+—F—-+—F+-+-+—-+
| End of Stack label | 1|

+—+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-4+-4+-4+-4+-F+-F+-F-+-+—-+-—+—+—-+-+-+-+—-+
b b b b| Payload (potentially, PL FAD)

+—+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-4+-4+-4+-F+-F-F-+-+—-+-—+—+—+-+-+-+—-+
| Payload |
+—+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-4+-4+-4+-4+-F+-F+-F-+-+—-+-+—+—+-+-+-+—-+

« Forwarding Actions IndicatorZbSPLELTER, M D. TC, TTLIZH4FRIGH&EZEF-E 5

« Forwarding Actions Indicator [Z[& Entropy, Flow ID®D A, NFFRR(No Further Fast Reroute), GISS (Global
Identifier for Slice Selector)&LZo>f=EF (Action)BLEZEL. actionDIAEHE TFADZEET L& RIE
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O EMFAIN NI

« draft-song-mpls-extension-header-05 « draft-andersson-mpls-eh-architecture-02
° draft-song-mpls-eh—indicator-03 * MPLS Extension Header Architecture
- Extension Header (EH)®D[Z AN, EH indicator * draft-andersson-mpls-eh-label-stack-
(GAL+G-Ach*>ELIZ %), HEH & operations-02
+  EHIZIZ Header Specific Datab & Eh 3 « MPLS Label Operations in MPLS EH capable networks
0 31

P — N P b * in-network services’a & DIFZEF D EHDEREF K
| [ZDULVTESE, draft-song&HEE(IL TV, -
\
\

~ MPLS Label Stack ~ -t~ < IS = o

. | GAL+G-ACh T%K eSPLIGE D 7 — AL R

tmmm fommm———— e R + 0 31

| EH Indicator (TBD) | > MPLS Label Stack A L tommmm L +

S - I I e + | (extended with EHI) | MPLS Label Stack |

| | ‘ tm——————— t-——————— tm—————— tm——————— +

~ MPLS Label Stack ~ | GAL (s-bit = 1) |

| | ‘ tm——————— t-——————— tm—————— tm——————— +

oo o oo o= o< \ ACH Type = (EH E2E/HBH/BOTH) \

| Header of Extension Headers (HEH) | | fomm o tomm - fomm o tomm + . .

Fom Fom Fom Fmm————— + | Header of Extension Headers (HEH) | If eSPL then replace GAL with
________________________________ XL+EHL

: o N ' ' ' N * If SPL then ACH not required,

~ Extension Header (EH) 1 ~ \ \ HEH foll XLAEHL d'q i !

| | \ ~ Extension Header (EH) 1 ~ oflows irectly

fommmm pommmm oo oo e + > MPLS EH Fields \ |

~ ~ ‘ (new) t-—————— Fm—————— tm—————— t-—————— +

o fmm————— fom Fomm + \ \

| | \ ~ Extension Header (EH) N ~

~ Extension Header (EH) N ~ \ \

| | ‘ t-—————— Fm—————— tm—————— t-—————— +

e fom———— Fom tom + < \ \

| | \ ~ Upper Layer Protocols/Payload ~

~ Upper Layer Headers/Payload ~ > MPLS Payload \ \

| I | (as is) tommmmm Fommmm o tommmmo tommmm +



O EMFAIN NI

» draft-bryant-mpls-aux-data-pointer-00
* Top of StackDE T IR Z—&RY
SPLEE %

» Pointer SPL [E#55&T—% (Ancillary
Data)zS L ALE

« Pointer SPL (FEE T DR AVIIZEHBHEL
A, XDToSHMIBINBHFEITEEIL TUIE

o o +
L1 | Top of Stack |
o +

L2 | Pointer SPL | ————- +

Rt ettt e L e e + |

| | |

|

|

| | |

o + |

|

. (3%) draft-zzhang-intarea-generic-
delivery-functions-02
» Generic Delivery Functions (GDF)

« IPv6MFragmentationNy4 & kY —ARHIIZE
LT.MPLSZEICHEARIREICLI=E D

e e e e s e S A R

| Next Header | Hdr Ext Len | Fragment Offset |Res | M|
+—+—4+—+—-+—-+—4—-+—+—+—F—-+—+—F—F—-+—+—F—F—+—+—F—F—-t+—+—+—F+—+—+—+—F+—+—+
| Identification |

f—t—t—t—t—t -ttt -ttt -ttt -t~ —F—F—F—t—F—F—F—+—+

« ZMMPLS EH FieldsIZxtL@ A age&L. £
Fragmentation~Ny& ZE5RL M DEEMPLSIZ4F
{eL71=. Generic Fragmentation Header (GFH)%,
NETER

+—+—F—+—+—-+—-F+—-+—+—F—-F+—+—-F+—-F+—+—+—F—F—F—F—F -+ -+ -+ —F—F—+—+—-+—-+—-+
|  Next Header | Hdr Ext Len | Fragment Offset IR|S|M|
+—t—F—F—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F -+ —F—F—F—F—F—F—F+—+—F+—+—+
| Fragment/Source Identification (variable)

+—t—F—F—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F -+ —F—F—F—F—F—F—F+—+—F+—+—+

« MO, draft-bryant-mpls-dev-primer (A Primer
on the Development of MPLS (Expired)) IZ3Dh\D
EH1HY



MPLS Open DT T D& m(ETTH)

- BRIEREE S
* Directives: https://trac.ietf.org/trac/mpls/wiki/MPLSOpenDT
« 238 draft-andersson-mpls-open-dt-questions

s THAUDARM GEImEEM)
 Use case
. In-stack data (ISD)T—4#& Rk
« SPL &= A F(Indicator) D& 5T
« BoSE T DT—4#ERL(PSD: Post Stack Data)lZ2L\T

- BIE74+—<vh(ACH, GAL/GACh, DETNET control-word)& M B # 14 D& 5+
* BOSECTDT—%%RY . #AlF(Indicator) D&Y

« IRFE D Output
« MPLS Indicators and Ancillary Data (MIAD)D EI[Z[F] 7
« BRXE
» https://datatracker.ietf.org/doc/html/draft-bocci-mpls-miad-adi-requirements-00

- MIAD® 5E £ - #5 A% (on-going)
« Wiki [CTRBEIH, . ISD, PSDEmRGE
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https://trac.ietf.org/trac/mpls/wiki/MIAD#MIAD:MPLSIndicatorsandAncillaryData
https://datatracker.ietf.org/doc/html/draft-bocci-mpls-miad-adi-requirements-00

MPLS Open DTTCOi&R(GE

* Use case
 https://trac.ietf.org/trac/mpls/wiki/Usecases

In-situ OAM

Network Slicing

Time Sensitive Networking

NSH Based SFC

« Segment Routing with SRH

* Network Programming

« Application Aware Networking (APN)

MPLS Japan 2021 (2021/11/1)
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MIAD (MPLS Indicators and Ancillary Data) [ZE§9 2 ZE 3k

 Requirements for MPLS Label Stack

Indicators for Ancillary Data

« draft-bocci-mpls-miad-adi-requirements-00

e 2021/10/14%0 R F 1T

« CORSTFTOERE
. AnC|IIary Data (AD)

o MPLS/\Y KIS HT—2THY.

I+ — G EDHREICEET S

o T—RIEINILRFYIRN(ISD: In-
stack Data)T*oT*U BoSEC T (PSD:
T—HATREY

[ZZxFEDHLELEE(No data)h\ﬁ*'(:l':

Post Stack Data F=>7-Y) .

« ADI (Ancillary Data Indicator)
« MPLSORXZYIIZFE

FZ =L, Ancillary
Data 0)7?7"&’5‘47 %T?’J’Jﬁ}‘:‘”?

¥R B R (R #E)

« MPLSHEZL TE/-YhsRME - TS - T
DR, RUOHIH-arnZEiE

o SPLAZKRFETHAIZEDRH
o ERICEENERMEDIHE
« ADI: ADMSRILRZYHRIZEHS or BoS

TIZHAHAIENTEINDZE

« ADMFHET HEE R HRE(Ltop of LSE

TERINDZE

e LER [ZADIZEAIZHT=Y . LSRMNAINJLR

29Dz BEHTL . AN T=FFT TADIZ L
IBTELINEOIIEHIT DHEREMNH D&

« LSRIZADIEENTULNA M I TEHHERE

AHHE

« AD®Mprocessing: fast path; hop-by-hop;

end-to-end L\t HR—
HE



MIAD m%}(On-going)

SE#IE https://trac.ietf.org/trac/mpls/wiki/MIAD 288

« MPLS/AryMEBR (BAMREIZES. 255 THAIELSH S LIERE)

- draft-kompella- Layer 2 header -
mpls-mspldfa or | abels
draft-song-mpls-eh-
indicator 82 (?) FAI
« FSPLTOEZE?) (Flag, ISD) _ Label
Stack
- MPLS First Nibble Labels
(MFN)Z# % € Z=(IANA BoS Label
THOEREVE) —
- BECWEDEBMERE PSD header n
« Ancillary Data PSD-specific
TLVEZ(?) data — Payload
« Hop by hop #0132 or
End-to-end LD X 5 FAl: Forwarding Action Indicator
& Embedded packet _J ISD: In stack data
PSD: Post Stack Data
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FEH

¢ XTYRT—DRSAVTIZET HEMEL T, IETFTOEIRZ LI
%I:I Jl

* |IETF Network Slice #IRI@TEAS WG

« Framework for IETF Network Slices (draft-ieti-teas-ietf-network-slices) H1LMZ

 IETF Network Slice & &71-. MPLSADG ARSI MNESIZDON .
MPLSSARIILRAYHERET 3EEHERITHS=0DT. MPLS®D
HIZDWTH, INFTORBLESER/INTWBIKREBN

fF#l ®BEIZDOULTIE, MPLSZRW=#HT-GRvybkT—F 25407

TYr—LauREERDZAELNAELN, EWNSTEIZHEIFLDD.
IETF112(11/3, 8-12)LIED REIZEHFHL=LY
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