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What is Network Slicing? .

T
o FYNT—DRSAREE. U—ERAHIZIELTR—YEBAUITLEICHEEINS
ﬂiu.,s*‘/l"j gD &,
>5R. BREFILTHREV—ERXPIHKRIZSHLT, @YERYET—IDIZEZE
A BEETE D,

RA&EIZIE LRy —oh E— I
A2 TS5 EIZ{REE El’]l BEIND

Ice .I —— -
|
Massive MTCS| _I:
> L KE G
°1
= I !I
. MBB Slice I:
y ,Fq BN OAEE
¥

- o e o O O e o

https://www.slideshare.net/yihsuehtsai/new-services-and-markets-technology-

enablers-smarter-Ite-relese-13-and-road-to-5g
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o RYNT—ORSARIE. ARL—230 WSSV AR—INET R ERYNT—S
BEifO#EAEDHLEIZLYEREINS,

o IETFCH. BERTTDORATARB A TORIHARXPRASARAAETOFBFEIC
B9 AT ILEL->TLNS, (FIBREMDIRETIEAELY)

AF KR TIL. COMS BoFTD ]
Eomia bk PSR E

COMS, ANIMA, TEAS(ACTN), L3SM, L2SM, etc.

Operation/API

Network Function FC

Transport MPLS, SPRING, NVO3, TEAS(ACTN), etc.

3y

<Consideration areas for network slicing and relevant WG/BoFs in IETF>

® NTT Copyright©2018 NTT corp. All Rights Reserved. 5



COMS (NetSlices) BoFD##FIZDULNT

 NetSlices BoF (COMSDRI &) AMETFI9IZRRE.
SATARANEEZENHNVEWN, RO—THNLEITEFEEDERHMNSWGIE
[TREYIZ..

« —EDIREEIRETZHE, RO—TZXASTAADARL—3V|C
Y. cOMSELTHF YL Y, IETF101 TCOMS BoFA\BH{E

XF-12L. FHWGIHLE L (FDT=HODEBEN+HITRE TULELED R Snon-
WG-forming& L TODRAEIZ
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e Resource-centricliA RNL— 3L —LD—0DEEREB{ET,

______ - = DELIVERABLES
I. Problem statement and use cases for management of
network slices.
NS Tenant - . :
c:’r :;'35 — [CSI}® 2. Architecture of network slices.
ustomer Service Interface ) , .
— 3. Information model(s) and operations for network slices
________________________________ @ on topics described above i the scope section.
I Service Deli Interface (SDI T i ~ ‘e : r
! Lo Doy Intertace (500 4. SDI and CSI mnterface specifications and relevant YANG
I (3|  NsOrchestrator (NSO) :
| o ® ! models.
| NSO : 5. Mappings of technology independent network
= - —Snrsssnrsasacsenrneabaor s Wareanal oo - equipment configurations derived from the mformation
Network Configuration Model 1 e - e -
Data Plane bmcmmmnsan i ! model towards specific technologies (coordimation with
Tech A controller | | Tech B controller relevant WGs as Ileeded).
| Device Configuration Model !
Underlying Network Resources/Functions i
NS: Network Slice https://datatracker.ietf.org/meeting/101/materials/slides-101-coms-how-do-

NSO: Network Slice Orchestrator the-concepts-fit-together-alex-galis-01

@ NTT Copyright©2018 NTT corp. All Rights Reserved. 7
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How do the concepts fit together in IETF?

r

NS Implementation technology independent

Management /
Plane /
— .y, -— J
NS Tna ‘_..-"'"" """'"--...\ —ER M Data model
Customer Servic Interace CS ’ N
lner S i () 4 COMS - single and multiple domain ‘ ‘iACTN,& "“
NS Provider ( inter-operative management |
-------------------------------- PN mechanisms / protocols / interfaces ,’
: ServiceDelvery Inertce SDI) | \,.. ’,,p
'h.. -
: NS Orchestrator (NSO) : - e oy e e = - Extensions
S | ol A U Al of
| I .-!"‘- -~ ! \ \\ ﬁ""s
| NSO | R K data model (s)
_______ L—-L---—_-I---—--—----—-L———‘-———‘——————t————’———————————

F—RTL—2ZDLTIE ]
BMEEMOFMBAZELRETS ) -

https://datatracker.ietf.org/meeting/101/materials/slides-101-coms-how-do-

the-concepts-fit-together-alex-galis-01
@ NTT Copyright©2018 NTT corp. All Rights Reserved. 8
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S

COMS Agenda

* Non-WG-formingle X CTEi, ATA RAFIEEL T HEZEO. IETFAEYLEERFBDIZ THLAD D
ELVS . AD:Chairsm o D RELMZEIZ T SR D Agendah il ENT=,

« —a TNV EDHTENd-to-End RSAADER - 1 THY . ChIZBEILEERARELST=,

=

Administrivia - chairs

Objectives of the BoF - ADs AR — /)-lﬁﬁmx MWERXRTAAAND
3. Overview of Questions to b_e Answered - chairs _ :E?-’\—*/EI/I ) L \—C%i

Refresher on the questions the ADs want answered. See item 8 on the agenda.
4. Setting the Scene - Jari Arkko

Reference: draft-arkko-arch-virtualization
5. Why are we trying to provide NS solutions

a. Motivation for Management of Network Slicing and IETF work from Operator's View Point Shunsuke Homma

b. Motivation for Management of Network Slicing and IETF COMS work from Operator's View Point Luis M. Contreras

c. Q&A

Reference: draft-giang-coms-use-cases Supporting references: draft-geng-coms-architecture draft-homma-coms-slice-gateway
6. What are we trying to do?

a. Problem Statement and Architecture of COMS Liang Geng

b. COMS Architectural Design Enablers & Artefacts

(1) : COMS Technology Independent Information Model Cristina Qiang
c. COMS Architectural Design Enablers & Artefacts
(2) : Network Slice Interconnection Xavier de Foy

d. Q&A 10 mins

Reference: draft-geng-coms-architecture Supporting references: draft-defoy-coms-subnet-interconnection draft-homma-coms-slice-gateway

draft-giang-coms-netslicing-information-model
7. How do the concepts fit together?

a. Alex Galis 10 mins

b. Q&AS5 mins

Reference: draft-geng-coms-architecture
8. The Questions - chairs

Move through the questions one-by-one getting clarity on the answers.
9. Wrapup - ADs

NTT Copyright©2018 NTT corp. All Rights Reserved. 10
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Setting the Scene

S

Innovative R&D by NTT

> ANFRBLTLSHDATEIE N LE

- ETFCHRSN TO A RBILEER T L TNERS A A~ ERT SROREICET 55OV TE R,
> IETERSA R R B EEAT (R AL S8, UYU—REE, £~ RbL—2ar) DR ABE

=Top DownF7 JA—F &Bottom Up 7 TA—FEESDEIT B H

Virtualization & Slicing Tech @ |[ETF

* Instance selection at lower layers
* Provider-based VPNs
« MPLS, L2-3VPN, NVO3, ...
» Traffic engineering, e.g., TEAS WG
* Service chaining — SFC WG's NGH
+ Management frameworks — e.g., NETCONF, YANG

+ Data models —e.g., L2SM, L3SM

Thoughts for Going Forward

« Consider all the technology!

« Virtualization, separation, resources, management &
orchestration; in and outside IETF

« Find the concrete missing things that still need doing
» Connect the top-down and bottom-up way of thinking
« There are relevant existing and new topics to work on at the IETF:

« Data model development — e.g., work on commonly used data
models at several layers of abstraction

« End-to-end, heterogeneous networks, cross-domain

- How our different pieces fit together

®) NTT

Copyright©2018 NTT corp. All Rights Reserved. 11




Why are we trying to provide NS solutions

~

Innovative R&D by NTT

* COMSBoFTHZXZZE. LLTFIZDOWWTE K,

v IETEANDHATF:

fETelefonicaD ERIZHL\TH, @<E ”Int-,

V ZRZAZAANDEFAR—30: SRILTHT/NA R —
BRI 12—  DEE, BFEOIETFR M D;ERAEICE T 5% 5t

V RZARERIZAITT-RE  E2ETDRTA RAER - ERBMOMEIL. BEFENWADHRFIMHERE
s BHEEEFICEIRDERTSARADBEFSEIOEREAREZRELT. —DOEELIVETRELGLTEY.

EXANDX I, FIRECRILETILORIL

« FRODEHISONTIIRELGRH DL, BIRERZTOoNTRE

Issues and Challenges for Network Slicing

+ Deploying and providing of E2E networks which satisfy requirements of
each service (bandwidth, latency, service functions)
= Operation across heterogeneous domains and stitching domains
Relevant drafts:
¥ draft-geng-coms-problem-statement-03
v draft-defoy-coms-subnet-interconnection-03

+ Ensuring high compatibility with existing netwaorks
= Overlay architecture, Slice Gateway solution

Relevant draft:

¥ draft-homma-coms-slice-gateway-01
+ Realizing tenant-friendly netwark control
= Abstraction of configuration, definition of API to external, etc.

Conventional Carrier Networks does not have
the tools to cope with customized multi-
domain service creation and delivery with
very short lead times

Multi-domain problem

Opportunity for instantiating SFs in
proximity
Better service fit

* Resources (incl. SFs) need to be
allocated for the new situation

* Proper Control and Mngmt Interfaces
should be offered by the remote - _

domain Network Provider 2

Need for scaling 5Fs in the orlgln dDI‘I‘IaII'I N

[
It could not be sufficient e II.II
“

Network Provider 1

IT Infrastrcuture PoP

i service function

https://datatracker.ietf.org/meeting/101/materials/slides-101-coms-motivation-for-management-of-
network-slicing-and-ietf-work-from-operators-view-point-shunsuke-homma-01

®) NTT

https://datatracker.ietf.org/meeting/101/materials/slides-101-coms-motivation-for-management-of-network-
slicing-and-ietf-coms-work-from-operators-view-point-luis-m-contreras-00

Copyright©2018 NTT corp. All Rights Reserved. 12




What are we trying to do?

Problem Statement and Architecture of COMS ...l
T

COMSHRER T HIRBEPRI—T | 7—FTIVFvIZTDOWLWTE R,

FHEREED—DICELGSB MDAV EHE AN EFIEGZE L TCRASAREEBEST L ENETONTS
L. ¥ 5t XRa—F &L TResource-Centric (Technology-Agnostic) 7E E IR E D EWEE Z TV,

COMSD EHRA—TFLUT D&Y,

Service Delivery Interface (SDI) : NSaaSZRRTE 9 540 A TT—X, Orchestratorfli CHER N D,

Customer Service Interface (CSI) : TF > MZMIFTARIN A AR TT—X, Orchestrator[X Z L& Network
InstanceZx BRI HIFHMICEILT S,

COMS Information Model: ')*)—X - Characteristic attribute D £} g2 Tnetwork slice entitiesx B9 51=5HD
EERET I

The Problem — a cross-domain approach What is COMS

* Cross-domain caused by integration of network and computing COMS . Sef\glgle D?"}:le? |n?§rf3;§ (SsD'I)
, . explicitly describe a NSaa$ in
* A customer wants a Turn-Key network Customer Service Interface (CSI network language. SDI can also be used
between network slice orchestrators,

[ Network Slice as a Service ] enabling hierarchical management

S Del Interf; SDI A .
ervice Delivery Intarface (DI} through the notion of network slice

Cross Domain Orchestration NS Orchestrator (NSQ) subnets
iomation Wodd + Customer Service Interface (CSI)
sDI
Edge Computing . CSlis ex :
[t <t posed by the network slice
Dok bl sF 1) sE orchestrator to run management tasks

L - DL i within their slice instance under
i Network Configuration Model i certain policies

__E_dge gc_zlj"l_pulilrjg_llrﬂ'i | Tech A controller | ‘ Tech B controller | + COMS Information Model

DsE bl ose bl osE | Information model explicitly describes
S T S M

(L MANE ) Cloud Computing

‘ '
‘ i ‘ el exp
DsvicsEonhgtmianbods{i| network slice entities in terms of

resource components and
MANO | Underlying Network Resources/Functions | characteristicpattributes

Edge Computing [
SF:SF:SF:

https://datatracker.ietf.org/meeting/101/materials/slides-101-coms-problem-statement-and-architecture-of-coms-liang-geng-00

Copyright©2018 NTT corp. All Rights Reserved. 13




What are we trying to do?
COMS Technology Independent Information Model oot

« COMSTEZEJ BInformationETILIZDWLWTE XK,

e ATAREEET HEMIEEKFEInformation ModelZ EET SHZET HREATIZRLTT U F—L 1Yk
D—OTHERAIN TSR MER B5ELHKRTAM RFIRET A LEA[EEET B,

COMS Information Model describes what network slice looks like, Various languages to describe the information model — UML, Yang,
independent of NS implementation technology Pseudocode, Plain Text, etc.

+ used in providing a complete slice view in cross-domain scenarios
« used in the mapping to different implementation technologies at data-plane
+ used to enable the design of data models

Technology-Independent Concept

| Network Slice (in progress) | | 5ypn/13vPN/SFC/MPLS/VLAN....

4 Data Models (CSI & SDI

l ! l

Information Model (Apartment) NS Orchestrator N 3 i A
. Resources ‘ Generalized-Function-Block | % Slice-Level Attribute |
Attribute| )
Material Color Price Information Model
Entity =
Desk INt 8 (1-wood, | (o2t b Fioat 6, Float ) — $ Z Node ‘ | Tenant-Controller | % ACL |
2-metal, ) _
g None - slice instances
i = Link ‘ Load-Balancer | —-{ Service-Start-Time | share and compete
Light String 32 String 32 E;‘_:ﬂ?ggﬂ"ﬁmt (sub-) network slice 8 -.| for resources
instance implemented by a| Storage-Units ‘ | Firewall | —°‘ Service-Finish-Time | e
Sofa String 64  [INt 8 [1-white, 2-black, )|  String 64 H Technology A reserved resources
Id by d b
—>| Computing-Units ‘ "‘ Resource-Reservation-Level | :::E, ;.?;:iim:ce_
unable to be retrieved
| if other slice instance

Information Model will be followed by data ﬁ

models (Customer Service Interface & Service Reliability-Level

are using them

i Shared-P i
Delivery Interface) as a next step ared-Preemptive

Exclusive

https://datatracker.ietf.org/meeting/101/materials/slides-101-coms-coms-architectural-design-enablers-artefacts-
1-coms-technology-independent-information-model-cristina-giang-01

® NTT Copyright©2018 NTT corp. All Rights Reserved. 14



What are we trying to do?

Network Slice Interconnection S

EE
s ARERTIIR2ZERTARERZHEITEEBETHOR ANV RIERGICEET ST T7ROMEN BTSN,
v’ draft-defoy-coms-slice-subnet-connection
FAADZEITHBEINDIRTA AP TRV MNEZ IR T OO DEEETILOA U F2TT—ADLHRIC
DLNTHRE
v’ draft-homma-coms-slice-gateway-function

ATARBEE-FIHIKROHENDHD-planetBEEH & ChoFiRET S — b/ 1#EE (Slice
Gateway/SLG) FEET HEHIZ SIGIZKDRTA AT Ry MEEGIZH T HERFELE,

Slice Interconnection Slice Gateway Function

There are several possible
reasons to split an end-to-end R
netwark slice for management, s A) o+

trch, 1]besseiss Slice Gateway Function — a data plane function (or group of functions) that
' 2 o0 connects NS subnets together — can also be an edge function.

including: R ) o + Itis composed of existing technologies (we are NOT defining new data plane
« To cross administrative domain HE Ozch. 2 BS Ozah, 3|weews technologies).
boundaries : : : to

» To interconnect parts deployed
over different infrastructure

technologies Functions of an SLG may include:

+ |dentification/ classification of customer

» To split a sliced system into - : - : o \
smaﬁer parts for gharing, reuse, - . et i - and service 'Erall’ﬁ(:E _ -
scaling or facilitating o T R R S R + Transport/forwarding/service chaining,
management. ——t ¢ MR encapsulation, address

resolution/routing, translation between
technologies/encapsulations,

All or some of those cases may e stet ' .

bﬁnganaged u?mg subrr.]e't_.s andbI g in acesss netweskl (6.9, e edge netwerks)  (m.g. ln eloud + Access control, QoS policy enforcement,
stitching operations, which enable ) [ . + Fault and performance monitoring for
hierarchicalrecursive underlay and overlay networks.

management of slices.

https://datatracker.ietf.org/meeting/101/materials/slides-101-coms-coms-architectural-design-enablers-artefacts-

2-network-slice-interconnection-xavier-de-foy-03
NTT Copyright©2018 NTT corp. All Rights Reserved. 15



[Z% ]Slice GatewayDHIE .
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. REAHBORINT—IRA L EE-T—EDBEREN RSN IEERSA AEEEEET 51
6. AL DAOT/N B LERKICERT 560D —r) A #EE (Slice Gateway/SLG) &
BT 57 —XFTIOFVvETILERE,

* SLGIEINWR AT IZHELVTD-planel TR O N B HEREZEIRHEL . Slice-unawareZZ Ry kT —o LT
ATAADEEERZTTEEET S,

« RERSIFCIESIGER W=7 —FTIUFvETIILOMEBEZEHIC DOV TESH LTS,

https://datatracker.ietf.org/doc/draft-homma-coms-slice-gateway/

EZE-NS
A | [SLcD#EEEE 14-451]

_. - . > AVTTELTDRTA RAFIEIHERE -
. T e Ep— ’- * |dentification/Classification
host==>|5LG| Subnet |SLG| Subnet |SLG+-+SLG| Subnet( Server ) .

see Bl i 2 eeneesi g3 eeen * Transport/Forwarding
' / * |solation
. . - * Service Chain
ccess e _— « AAA
[[Netn'Clk _," .[N t k_,' [[ ;C]_Zud B ° OAM

PUPLE L) > RASAARALTOH—E RIZHE1EE
* |dentification/Classification

oA / \ /
v v v
Domaingl Domaing2 Domaing3 ° QOS ContrOI
_\ e Service Chain
' v
Domain of Administrator#h Domain of Administrator#B i Telemetry

@ NTT Copyright©2018 NTT corp. All Rights Reserved.




How do the concepts fit together?

-
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REISIZHEITE=ATYTIZDOLVTE K.

 AD/Chairsh > DELY, BRI T ARIEDI7AO—T Vv THIERNBEDHEEK,
- BEDEEMNSDER A, Top Down/Bottom UpDEEF EHE+COMSD Ra—T &L VvoF=COMSD AT,

Recap from IETF 99 &100 - Clarifications

* Network Slicing topics — Standardization high impact but is it TOO BIG for one WG
—~Focus moved fo common operation and management of network slicing (COMS)

Should we work on Management of Network Slices in IETE? (i.e. current Slice-aware
work in IETF is bottom-up only / data-plane only)

+ The answer is an absolute YES - Future business model of network asks for network
slicing capability with substantial interoperable management systems.

* The goal is to define/standardise common and infer-operative management single and
multiple domain mechanisms / protocols for adoption in a system with
heterogeneous network infrastructures and services functions.

Clarifications:
* Popularized by activity in 3GPPITU-T/ETSI but not a 3GPP/ ITU-T/ETSI-owned concept
*  Supporting either backhaul or common Internet/Service Evolution

COMS B
.

Concluding Remarks and Next Steps towards IETF102

* Management of Network Slicing 15 the Top Emerging Interoperability Impactful Problem at IETF.
* Review and feedback from the BoF @IETF101

* COMS-centric working items

+ Update /consolidate 9 existing COMS drafts: Align terminologies among related drafts.

+ Commonly usable data models and interoperability mterfaces (SDI, CSI) at several layers of abstraction —
mcluding Service delivery model design /Management capability exposure with focuss on E2E and eross-
domain

(COMS BoF Proponents

Liang Geng - China Mobile < zenglizng iichinamobile com~; Lei Wang - Chins Mobile <wanzleiyjy i chinamobile com; Luis Mizuel Contreras Murill - Telefonica
=izl comrerasmmmillo i elefomica com; Stawomir Kuldinsla - Orenze <slawomir kuklisk i orange coni+; Diego Lopes - Telefonica <diego r lopezitelefomica com; Shunsake Homma - NTT
hommna shmeke:diab o co jp; Ginseppe Fioccola - Telecom Iialia < gnseppe fioccola @telecomitslia it=; Satorn Matsushima - SofBank < Satom Matuchims i gmeail com

Xavier de Foy - InerDizits] <x defoy ietf{zmeil com™; Akbar Rabman - InteiDizital < Akbar Rahman@nterdigital com'; Daniele Ceccarelli - Enicsson <damele ceccarsll@encsson com™; Delei Yu -
‘Hswai <yudelei {ilmawei co; Ravi Rvindran - Huswai < mavi mvindrn 7 hoswel com=; Kiran Malhijami - Fuawe - Eirn Makbijani 3 uswe com™; Guangpeng Li - Huswai

= liguangpenz i nawei com=; Cristina Qiang - Huswei <gisnzli3 el comr=; Sheng Jiang - Fuawei <jisngshens i mawel com=;

Pedro Martinez Jufia - NICT <pedro@nict 2o, p>; Taesang Chei - ETRI <choits dem re Jr=; Vishnu Ram - lndependent Consultant < vishmubright & gmail cony=; Sell Jeon - Sunglymlowan Universiy

<seiljeom skl echr=; Pablo Ameigeiras - University of Granads < pameigsirasugr e, Oscar Adammnz Hinojosa - University of Granads <oadamuz Fugr es~; Jose Ordonez Lucena - University of
(Granada jordonezing.es; Carlos Jesus Bernados Cane - University Carlos I <cfbe@itmc3mees; Alex Galis - Universiry Collaze London <a galis dnclac k=

®) NTT

https://datatracker.ietf.org/meeting/101/materials/slides-101-coms-how-do-the-concepts-fit-together-alex-galis-01
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COMS BoFiEmIRFRDFEED _\
i
« 1508 ZBAASMENEFY . FHEDSIMAAT =,

« BZHEKEZBUT.AD/ChairB UV EEEE ZIZIZIRSAAIEBEILLIETFCONEDDREE.
COMSDRO—T %, IR EBREFF-N-HkF.

={BL . 5§ [El[Enon-forming WG BoF COBFE THAH_EM B, WGIEIZ DWW T D HEEEIZ
[ZE-STLVELY,

# BAHEDERICEDE. COR. FETVTDADDETRENFESN, ECTSE
DIEFARESNDDTIHEN L,

o IEEEINF-FRBITLUT:
vV Z{DToolhH5H T, BYLLED LM ?
v’ Top donwé&Bottom upD EIDLEITFHD M ?
v {thSDOEDBAR (R YR T—IFRL—2 3 % EmL TLVDSDOIFERIZZ #H 5)
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SRDASARZBRDITHIZONT :
i
« SEINAHEDETESRDEDHHIZTDOVT, UTD2DODOERNHTLS,
» AZARERINT =D AT LEREBZET HILENHY . EADWGEILL EIT,
REEREFAZED TILARE,

> 5 EIFICIZRFELEEEHBEFTHAMINDEE AT/ ANDZERLLTIIEED
WG TH/\N—TH[EETHAZEND . B EWGCTRASAANIEHEALEEDH DD, Side-
meetingFE TEARDER - BEHZRAEBLTIKRE,

#{E ABIZIX. watchT BWGEHZEHNZ 5N AD THIFE TLE=LVEZATED, - 6

e I[ETFCHLATARIZERITEFEINTEY., AINLLDH TIEELER/MNEA TLK
EEhHhhnb,
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o . ) Cut of ICHIZE DT,
[=Z JIREF DID-LOCH B A =X |E#1001 TlREHER

o ID-LOCH BfEFIT I, @ LocatorZz HI B LR FEF B CHIEREZITAD L. InRKDIPEFEIEILTESH L
M5, /NS JLU-planeN B Z BEE(FOVR—2IIL—T405  O—SU 5 B0yl a il 20ES
H—FELLTHFINTLS,

e —75.3GPP5GCODE1EN2017. 12TFXxESNTHY .. ChERSKEFITIIREFHE L EAFTEINS,

=3GPP5GCDEHRELE AT [ZID-LOCHBERMTEBEAT HFEFIRET S, KIZEF AL, 5GCOEKREE
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