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ETSI Technical Specification (TS) ETSI Technical Committee Normative
ETSI Standard (ES) ETSI membership Normative
European Standard (EN) ETSI Technical Committee Normative

and European National
Stands Organization

ETSI Technical Report (TR) ETSI Technical Committee Informative
ETSI Special Report (SR) ETSI Technical Committee Informative (S8 )
ETSI Group Specification (GS) Industry Specification Group  Normative or Informative

ETSI Group Report (GR) Industry Specification Group  Informative
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(SDN and OpenFlow World Congress 2012@Germany Darmstadt)

Network Functions Virtualisation - Introductory White Paper

Network Functions Virtualisation

An Introduction, Benefits, Enablers, Challenges & Call for Action

OBJECTIVES

This is a non-proprietary white paper authored by network operators.

The key objective for this white paper is to outline the benefits, enablers and challenges for Network
Functions Virtualisation (as distinct from Cloud/SDN) and the rationale for encouraging an

international collaboration to and

based on high volume industry standard servers.

CONTRIBUTING ORGANISATIONS & AUTHORS

AT&T: Margaret Chiosi.

BT: Don Clarke, Peter Willis, Andy Reid.

CenturyLink: James Feger, Michael Bugenhagen, Wagar Khan, Michael Fargano.
China Mobile: Dr. Chunfeng Cui, Dr. Hui Deng.

Colt: Javier Benitez.

Deutsche Telekom: Uwe Michel, Herbert Damker.

KDDI: Kenichi Ogaki, Tetsuro Matsuzaki.

NTT: Masaki Fukui, Katsuhiro Shimano.

Orange: Dominique Delisle, Quentin Loudier, Christos Kolias.

Telecom Italia: Ivano Guardini, Elena Demaria, Roberto Minerva, Antonio Manzalini.
Telefonica: Diego Lépez, Francisco Javier Ramén Salguero.

Telstra: Frank Ruhl.

Verizon: Prodip Sen.

PUBLICATION DATE

October 22-24, 2012 at the “SDN and OpenFlow World Congress”, Darmstadt-Germany.

This white paper is available at the following link: http://portal.etsi.org/NFV/NFV_White Paper.pdf
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Vv NFV Orchestrator (NFVO)

i(-)s-l\l/l-a-:fv: _____________________ E v Network ServiceAr— AL —2 3>
o OSS:/BSS : 1 NFVCI)rchestrator(l‘\lFVO) : o 5’(7'&’(7“/%}@
: N — | | ¥ End-to-EndD&JEA—4 AL —23>
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: I Ve-Vnfm-em _._ o I
M ——— VNE Manger W ! ¥ VNF manager (VNFM)
f ' l _
o L | vevnimni = "~ ] v YNFDSAT7H AL ER
Vn_Nf% : o : ¥ Instantiate, Scale, Heal, Change, Modify,
| | nuaised or-Vi : Terminate
[ e e -
| N (VM) NFV-MANO | V¥ Virtualized Infrastructure Manager (VIM)

v NFVIOREEIREHE (compute, NW,
storage)
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VNF — Components and Connectivity

VNF Instance

)

VNFC VNFC VNFC
Ve ? Ve * VC ?

Virtual

Storage

\ ¢

¥ VNF Internal virtual links (VLs)
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. External Connection Point
@ Internal Connection Point

— External Virtual Link (Virtual
Network)

— Internal Virtual Link (Virtual
Network)

v RBERYET—F S #EE: Internal Connection Points (CPs)&{&-> TVNFCs% i
v External CPs: VNFILXZ® External VLZ{FE>THERDVNF or PNFIZ1E#x:

v External VLs [ENSO—EiTHY, VNFAIDEE TILZLY
Vv Virtualised Network Function Component (VNFC)

vV VIR I T EVNFOUEZZEITT 57=8 DVirtualisation Container (VC)
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VNF Package

Software

image(s)

Additional JJ
files

Reference:

- ETSI GS NFV-IFA 011

- ETSI GS NFV-SOL 004
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VNF Descriptor (VNFD) N

¥ VNF properties% i€ &
v whE7iResources (Virtual Compute, Storage, Networking)

v Software metadata
v ConnectivityD [E¥R

¥ External Connection Points, Internal Virtual Links, Internal Connection Points
v A4 ILEEEE (e.g. scaling, instantiation),
o HR—FENTND SATH AL EEBELZDET ki
v BIR—FENTULSVYNFHEE/NNTA—4 External CPD
v Affinity / anti-affinity rules

Internal CPD
SW image Descr

v Deployment flavorsz & & Deployment Flavour
v BAZXMEESN-TITOMHKRTE (BEED)

Reference:
- ETSI GS NFV-IFA 011
- ETSI GS NFV-SOL 001*
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MAINTENANCE
WORK
V Release 2: A>T+ X U

¥ Stage 2 maintenanceldE#E (1H2019 maintenance® 5 T #5
¥ Maintenance: v2.7.1 version(1H2019)M55 O U FBIXIZIEET

¥ Release 3: {5 E#EREDEE T
v Stage 2IZ5E T (1H2019 specifications (drop #3)D izt #£)

v 10 FrhkRED Stage 2IF5ET
1H2018 (aka drop #1), 2H2018 (aka drop #2), 1H2019 (aka drop #3).

¥ Normative work in stage 3[&##fE (TN TDHStage 2M5E T =1 F>oT)

¥ Release 4 : %
¥ Informative DARZEALEZE A 2019/ R KT 11EAT
v BIMDT—UT AT L (NormativeZE )& NFV#27 (2019/9)h HEA%AR

me
REL.4 AHEAD
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Release-2 D&

AT

NS-VNF-VREEFEIHTANFVOE AL TIL—LT—IEEF

Sy B4 L NFV-MANO

ERTERSHEE L Network Service
== ' s << management:
AX A j ook Service VNF management: - NS lifecycle —
i - VNF lifecycle mgmt. mgmt.
| ez |"““|___‘_’Nf“ | ~. —— - VNF performance, fault, - NS performance, T
4 | | ——— VNF-5 ’ . B
[ﬁjlﬂ,&l [wwes] I—.—l < : configuration mgmt. fault mgmt.
& - : - a VNF Package mgmt. VNF Package and
VNF
Package i ' ! 5
) a<: Virtuglised resqurce_ - 3 ok W
VNED ens manpgement, including — Infrastructur
Z Port fault] performance : ’ I Lol
, ’ INF 2 VNF 3
capdcity, etc. mgmt. o — ’ _
1) NFV 3 [ AV
: — Physi - Logk c infrastructure g Virtual " Virtual Virtual
descriptors and Pl e m s Computing | | Storage Network :
: — Vi | | Virtualised i
packages 2) Example of NS, VNF and T S s |
. . H - ¢ anager(s
deployment on virtualized - — : ¢
i Lo [ computi St Network : :
§ infrastructure y, Hardware. | | Hardware | | Hordware Nt I z
e—e Execution reference points - |- Other reference points === Main NFV reference points
| 3) The ETSI NFV Architectural Framework )
22
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Release 2: APIDOEZ#L7 01X

NFV IFARRZE{L#5%Z 1 EITNFV-SOL APIZ3

7 IFAIZZEHLL TULVEULSOLIRZE (E 750
vV FEENBHIHGEIXIFAZELE

Stage 2: Requirements

and information model
NFV-IFA 007 (Or-Vnfm)
NFV-IFA 008 (Ve-Vnfm)
NFV-IFA 013 (Os-Ma-nfvo)
NFV-IFA 011 (VNF Package,

NFV-IFA 014 (NSD)

HFRETILET —4
ETFILIZTIELS

Stage 2CEHEINT-1EEH
JOFI)LTES

Stage 2THAL M ZAEoT=
FruIx85H5

(e.g. error handling,
technical details)

ETSI___ Y\

g
R AE GS NFV-SOL 002/003/005 (v2.6.1)[&

OpenAPl & L TR
https://nfvwiki.etsi.org/index.php?title=SOL Open
APl Representations

5

Stage 3: Protocols and data model
NFV-SOL 003 (Or-Vnfm)

NFV-SOL 002 (Ve-Vnfm)

NFV-SOL 005 (Os-Ma-nfvo)

NFV-SOL 013 (Common API aspects) e
NFV-SOL 001 (TOSCA VNFD, NSD) | 004/005/007/013
NFV-SOL 006 (YANG VNFD, NSD) | 9 7 1 (Nov. 2019)

NFV-SOL 007 (NSD file structure)

VNFD)

J L
/Testing: Benchmarking, interop, conformance

»

NFV-TST 007 (testing guidelines)
NFV-TST 010 (API conformance) 23
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Rel 2012 #Eb 4Lk
(IFA: stage 2, SOL.: stage 3, TST: stage 4)

NFV-IFA 015
(NFV
Information
Model Report)

IFA 016
(Papyrus
Guidelines),

IFA 017
(UML
Modeling
Guidelines),

IFA 024

(NFV
Information
Model
External
Touchpoints)

TST 008
(NFVI metrics)

......

-
: Os-Ma-nfvo
1 NFV-IFA 013
I NFV-SOL005
OSS/BSS : i NFV Orchestrator (NFVO)
; I . . :
Il NS Catalog ‘ NFV \ VNF Catalog “NFVI
§ : IFA 014 Instan IFA 011 Resou
i il (NS template) (VNFD, VNF Pkg) |l _rces
| Il SOL 007 (NSD Or-Vnfrr SOL 001
: file structure) IFA 007 | (TOSCA VNFD&NSD)
! Ve-Vnfm-em  “°- 00‘# SOL 004 (VNF Pkg)
I IFA 008 SOL 006 (YANNG
EM | e D)
: : | VNF Manager (VNFM)
I |
VNF ! Ve-Vnfm-vnf Vi-Vnfm
: ~T IFA006 _
Vi-Nf ‘I‘ I SOL 014 Or-Vi
I Virtualised Infrastructure IFA 005
NFVI : | Manager SOl |14
: Nf-Vi (VIM)
IFA 002 (Acceleration IFA 004 (Acceleration
IFA 003 gAcceIeration; : 004 ) NFV-MANO

ETSI7Z__ O\

IFA 010
(NFV-MANO Functional
Regs)

IFA 027
(Performance metrics)

SOL 013
(APl common aspects)

SOL 016
(NFV-MANO
procedures)

TST 007

(MANO interop
guidelines)

TST 010

(APl conformance
testing)

NFV-SEC 021

(VNF Package security)
NFV-SEC 022

(API NFV Access

Token) 24
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Release 3D E

v T7O4DIK, BERAEEIL, NWOOSHREMTOEILIZLT,
NFV7 —F%TOF % IL—LT—9%Hi5E

Operation
al aspects

Advances in
virtualization

Evolution of L
networking and

cloud

technologies

© ETSI 2019 27
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2 Release 3: Stage 1&2M 5 T L1-#HE
v Completed in 1H2018 (aka drop #1) ¥ Completed in 2H2018 (aka drop #2)
v Compute RALF#5 ¥ VNF software modification
v NFV-MANO Policy Management v Support of network slicing
Framework v Management and connectivity for multi-
¥ VNF Snapshots site services.
© Management of NFV-MANO ¢ Completed in 1H2019 (aka drop #3)
v 7)1/9‘-5}4{?6}55 . ¥ NFVI software modification
v 77ESL—ray OYIR—h ¥ Service Availability Level (SAL)
v ARFE e F it it
V¥ Hypervisor-based virtualisation
V¥ Hardware environment for NFV NFV-IFA specification versions:

* Drop 1H2018 - v3.1.1
* Drop 2H2018 - v3.2.1
* Drop 1H2019 - v3.3.1
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5GIRFXDa7 vk —%: 5GC (Rel-15)
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¥ SBA (Service Based Architecture): #gEZH—EXELTRER
¥ CUPS (C/U-plane separation): &llfH{§ 50 &/ 7y NMAIEZE 7B - ZERGERIE

Y NWRSAIUH: QoSN ELAERNWEIR
NWRSAIH [

5GC
SBA} ' i |

EEYTAERE tyipUEHE R —EHE
CUP
v

U-planefiLi2

@

A
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SBA aspects of 5GC (3GPP Release 15) S

v NERID#|H{E S (C-plane)h’Restful API/HTTPAZEE
v fiE3E: NERS TPoint-to-PointTY 7LV ARA U AR TE
v S N\RABOEEARZTER NECEIZH—ERZFUHBTARIZER
v EE BEEOESKIIEEFEO IO IILEER

Diameter, GTP-C, SCTP REST/HTTP
IR e NSSF |_N<1§F_| [NRF| [ pcF| [ ub™ | [ AF

AUSF AMF SMF SCP

é\ N2 N4

NSSF AU
e Point-to-Point S YAV &t
-N11-] SMF PCF N5 AF

UE (R)AN N3 UPF ——N6— DN
(RIAN  f——N3— UPF ——N6 DN
L o

3GPP TS 23.501 V1.0.0 (2017-06)
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1. 5GCHEEMNIVTFTEEH
1. 3GPP release 16 LL[& M #i 5k Tcontainer orchestrationt>service mesh# &
Oyt i Tl
2. IRTONEEENOVTFTEEHTELEL (VMAMKRAELTIRD)
2. ETSINFVOEELAKREZZDFXTIIEFRATEST 7O/ ANEER

1. ETSINFVOZELHEMNMREYS OB DREEZRIIREL T, #eEEEOIFE
tb\ﬁxiE

2. K8s (CaaS Mgr)¥PaaSHEEE D LIIZI/SIM?
3. AT FIZETAIRENWDEREIXESITAREM?
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VM LDV TFHIRIEDIRE
¢ AT FHEEORES HTOETSI
NFV:#4#55EH'Rel 3 & Rel 4 Ti&R !
wn :
|
v IFA029: Report on the Enhancements of d
the NFV architecture towards “Cloud-
native” and “PaaS” N B HIZAREFE
v EImIRA b
v CaaS Mgr (k8s)IXVIM®D —ERME D H
¥ AVTIREORE A S i P s P A
(32T F on VM, A7 AZ)LaATF) !. e
& MANOELT, CaaS Mgr (k8s)&HeEERR i =R
FERMEIEL TIFZIR## or 7 TVAITIZ e AT — “““'
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Release 4D E ()

== New features

» Network connectivity integration and
operationalization

Technical areas » Multi-tenancy enhancements for NFV-MANO
« NFV-MANO automation and autonomous networks
Enhancing NFV « SBA for NFV-MANO

* NFV enhancements for 5G
* VNF common management functions
» Continuous VNF integration

NFVI evolution automation and
capabilities

e Enhancement features

Evo:\h’wﬁg PV Operationalizati  NFV security hardening

on » Specific technical enhancements

framework

== Carried over from Rel. 3

* NFV-MANO upgrade
« MEC in NFV
 Licensing management

e Cloud-native VNFs and Container Infrastructure
management

» Security management

35




Completed: underlined (**): other normative work is part of evolved NOTE: might not be a full complete list due

Release 4: Evr;glsér:jg:/i:o;‘:ll:’llvcompleted:italics work items to lack of space ETSI(/ >>>\
work items and features: studies and stage 1&2 perspective<</

e = = = = e e e e = = = = = = = = = = = = = = = — — -

] Network Service L !'CM' Virtualised o Metrics and I
, Packaging and Multi-site I
] LCM and Descriptor . Resource o Performance NFV-MANO mgmt
Descriptor connectivity
I (NFV- (NFV-IFA007/ management (NFV-IFA032) (NFV-IFA027, NFV- (NFV-IFA031) I
| IFA013/014/030) 008/011) (NFV-IFA005/006) TST008) I
I
: 1) Framework from past releases Information Modeling S T
(NFV-IFA015/016/017) .
1 @ _ | 4) Carried-over from Rel. 31

|| 3) Technical '

enhancement

MEC in NFV Security mgmt
(**) (NFV-IFA026/033)

Network NFV-MANO
connectivity automation and
integration and autonomous
operationalization networks

for NFV (NFV-IFABE)
(NFV-IFA035)

Multi-tenancy for
NFV-MANO
(NFV-EVE018)

l

| Security

| enhancements _ .
(**) NFV-MANO Licensing mgmt

I upgrades (NFV-EVEO010, NFV-

l

l

l

(NFV-RELO11) IFAO34)

Specific technical
enhancements

VNF generic OAM

functions

NFV enhancements
NFV-EVE
( -) for 5G

(NFV-IFA037)

Cloud-native VNFs and container
infrastructure mgmt
(NFV-EVEOQ11, NFV-

IFA029/IFA036/IFA038/IFA040, **)

Continuous VNF
integration

—_—— e = = = = L

36

SBA for NFV-MANO
() (NFV-IFA039)

———— === -
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Conclusion

¥V NFVZEIRT HSMANODEARHEEE (L Stage SREMNIFIXTT
= J 4 LIEStage 3 (SOL)ZEML =8 B M) —REN D RAH

v ETSINFVTIZ5GCHUNAE(ZE, [F1-Container®HHR—kr ZDULNTER/HFRIE

V BEATFBLTIHFEEDNFVOITORRATAIIZL =420 75% EH (2
FIRLELLD!
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More information

NFV Technology Page
(information)
http://www.etsi.org/nfv

NFV Portal (working area)
http://portal.etsi.org/nfv

NFV Proofs of Concept
(information)
http://www.etsi.org/nfv-poc

NFV Plugtest (information &
registration)

http://www.etsi.org/nfvplugtest

Open Area:
¥ Published Docs:

E TSl/// V \\\\

\ ¥

https://docbox.etsi.orq/ISG/NFV/Open/Publications pdf

¥ Working Drafts http://docbox.etsi.org/ISG/NFV/Open/Drafts/

¥ Issue tracker http://nfvwiki.etsi.org/index.php?title=NFV Issue Tracker

¥ Information about releases: Release 2 Description v1.9.0, Release 3

Description v0.3.0

v Detailed Release 3 and 4 specification progress can be found at:
https://nfvwiki.etsi.org/index.php?title=Feature_Tracking

Release 2 World Class Standards
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http://www.etsi.org/nfv
http://portal.etsi.org/nfv
http://www.etsi.org/nfv-poc
http://www.etsi.org/nfvplugtest
http://nfvwiki.etsi.org/index.php%3Ftitle=NFV_Issue_Tracker
https://docbox.etsi.org/ISG/NFV/Open/Publications_pdf
http://docbox.etsi.org/ISG/NFV/Open/Drafts/
http://nfvwiki.etsi.org/index.php%3Ftitle=NFV_Issue_Tracker
https://docbox.etsi.org/ISG/NFV/Open/Other/ReleaseDocumentation/NFV(19)000114r1_NFV_Release_2_Description_v1_9_0.pdf
https://docbox.etsi.org/ISG/NFV/Open/Other/ReleaseDocumentation/NFV(19)000115r1_NFV_Release_3_Description_v0_3_0.pdf
https://nfvwiki.etsi.org/index.php%3Ftitle=Feature_Tracking

