ETSI GR NFV-TST 011 vi.1.1 (2019-03)

GROUP REPORT

Network Functlons&lr{uahsaﬂen (NFV);

N
\%‘\

Test Domain and Descr@?’@h lsargg\u%tge Recommendations

/
”4

Disclaimer

The present document has been produced and approved by the Network Functions Virtualisation (NFV) ETSI Industry
Specification Group (ISG) and represents the views of those members who participated in this ISG.
It does not necessarily represent the views of the entire ETSI membership.


�?�\ځݠ̥�K�����gW���w^�`'%�0����#���<�)!���4�׋.��F�Iʡ�-��Ү�?��̝�x����+��i��n���R���ģ^on�G��>��)�0����?os�=ƫ�c�

2 ETSI GR NFV-TST 011 V1.1.1 (2019-03)

Reference
DGR/NFV-TSTO011

Keywords
language, NFV, testing

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax:+33 493 6547 16

Siret N° 348 623 56200017 - NAF 742 C
Association a but nonJucratifienregistrée a'la
Sous-Préfecture de'Grasse*(06) N° 7803/88

Important notice

The-present document can:be downloaded from:
http://www.etsi.org/standards-search

The present document may be made available in.glectronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not;pe-modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents'between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one madepublicly available in PDF format at www.etsi.org/deliver.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying
and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2019.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its Members.
3GPP™and LTE™ are trademarks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
oneM2M™ |ogo is a trademark of ETSI registered for the benefit of its Members and
of the oneM2M Partners.
GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

ETSI


��ěrcⰍO��S��
ѵ�I
�q����[W�~��Vi�L�r>ʀ���?؂[����,���;�e�X���G�b����ߧ���O�{���Yb,�0�ŗ�{��V$d,czԚL��7[�������T

3 ETSI GR NFV-TST 011 V1.1.1 (2019-03)

Contents

Intellectual Property RIGNES.... ..ottt b e b e s 5
0 (<1170 (o R 5
MoOdal VErDS TEMINOIOGY .......ccveieeiieceeie sttt sttt e e s re s be e b e sbeeaeesbesreentesaeenseseesneenseseeeseensesseas 5
EXECULIVE SUMIMAIY ....eeviieieite ettt sttt e e st et e e s te e e s be s ae e teeaeeatestesaeesbesaeentesseene e teeaeessesteeneentesteensensesneensesnennns 5
11070 (8 (o110 o R 6
1 o0 0 SR 7
2 R S (10 = 7
2.1 [NL0 g 0T AV SN (= 1 (10 T 7
2.2 (0 (0 00Tz AV SR L= (= (0. T 7
3 Definition of terms, symbols and abbreviations...........cccovveeri e s 8
31 L= 8
3.2 SYIMDOIS. ..ottt ettt b et b e et b e e e s e e bt sE et b e 4R e s e ek e AR e R e R e eR e e b e eR e e bt nh et eb e e e e b e e rere s 8
33 PN o] o[ (< YTz (L0 IR 8
4 IS B L] 0= o O ORROT 8
41 (@Y Y=Y S A 8
4.2 TESE CASE RESOUITES. ...uvveiieeiieiiirieiieeeeeciireree e e e e e s s e s e s barseeseessenssnsng Se s Chd st seeeeessesassbaseeesssesansssranesseesansnrens 9
4.3 LIS = (S o 1110 a1 = o T2 o e L 10
4.4 High-LeVel FUNCLIONS........cooiiiiiiieieiinieee @5 i et ene e ad6is g ee et et ese e es e bt n e b e ene e enens 11
45 LIS 0= SN DL v T S B ot S oS 11
4.6 EXECULTON SEOIMENES ...ttt Tpaie e e eese st ess ek ool Bh e e esessesseseebe e eseebeseeseeb e s ese s b e b eneebenbeneeneneennens 11
4.7 LIS O = 01V 10010 101= 0 A o A N oSO 12
4.8 TESt SUITES & TTaffIC IMIXES ... 0o e e ea e 5 e ettt e e sttt e s et e e e sesaseessabeeesaseeessansaeessbeeessansenessnenas 12
5 REUSE GUILEIINES. ...t i e s es 5 s ries s st P bes e s atessatessaseessabaessaaessabessanbessabesssseessnbessabenssnbesanns 12
5.1 (@Y V=Y o 12
5.2 ENVIronment DECOUPIING .. ..ooueeeieeieeieee 600ttt ete et e stteste et e e estesseesseesreesaeenseanseassesseesseesseesseensennsennennnns 12
53 RESOUICE APl DECOUDIING ..o cvteeeeeiteesiee e iy e st e teeteeteestesseesteesseesaeeseanaesseesseasseenseenseeseessaesseesseensennsennensnns 13
54 High-level FUNCLION DECOUPIING ..o et eeeeeie e seesteesteeesae s e s e e tesseesaesaeesreesseensesssesseasseesseesseenseensesnensnns 13
55 TSt DAta DECOUPIING ....ccveeeueeteree s st ettt sttt sttt et sb e eb b s et b e e b e b se bt b e se ekt st et eb e s b e e eb e s b e neebeebeneeneas 13
6 RIS 0 101001 1[50 11 Ko 0 (< F- T R 14
6.1 (@< AV 1= o TR 14
6.2 IS 00 1Y, o o <t SRR 14
6.3 LIS = V000 1001 411 Lo o [ 14
6.4 LSS S <= 0 15
6.5 LU LI o] ai =T 1Y, Koo L= 16
7 L=< 5 1 TR 18
71 (@< AV 1= Y TR 18
7.2 TESE DSL CONCEPES. .. .vireveeieeieee ettt sttt sttt sttt b bt s e e s et Rt s bt Rt e st e s e e e e e e b e nae e R e e st e s e e e er e e resreene e e ne e 18
7.3 ADSEract SyntaX MELBEMOTE .........ooiiiiiiiieee bbbt b e e b e e e b b se b b snenea 19
7.4 Dynamically LOaded CONSIIAINTS ........cctiueirierieirieseeestese ettt sb et se e b b s b s ene e ens 20
7.5 LIS 00 Y (<7 [ SRR 20
7.5.0 Lo 0 1 Tox 1] TR 20
7.5.1 L= O <l Lo (<l LA = 20
75.2 ILCS O DT o ] o1 oo S SPSP 21
7.5.3 (OIS (o] R =S 0= 1S Sl N L o101 21
754 L [T A N I o1 o L 21
755 LIS 0= Y DL v W 21
7.6 RESOUICE DECIAIELION ...ttt ettt e et e e st e e e et e e e s esee e e s sabeeesabaesessaseessabaeesesbesesessnasssssenesansenessanes 21
7.7 EXECULION FIOW ...ttt e e ettt e e ettt e e s aae e e s s abe e e s eseeeessaseessabeessasbasesensenassasseassabenessne 22
7.7.0 g L0 To [§0x1 ] o USRI 22
7.7.1 Getters for RESOUICE-SPECITIC DBIAL.......civeuerrereeiiriereet ettt ettt b e s bbb sneneenen 22
7.7.2 Y 00T e T (U o S 22

ETSI


��;�ctd)AۦL�hg����	�ӫf󀪇�y�g��u�[w�B)SvJ(O���!؋j�X�#ۖ~mbX����1X$�$������p�ƈK�z���I��f�Y=���Vm�:w��<#�c����5䪤=�

4 ETSI GR NFV-TST 011 V1.1.1 (2019-03)

7.7.3 High-level FUNCLION INVOCELION ..........ciiiieiiieeeierieeie ettt 22
Annex A: JADL EXAMPIE....eiiieieee et 24
Annex B: AULNOrS & CONEIIDULONS......oiiiiiiiitce s 28
L 11 (TSP OPT PR PRTORPRPROTN 29

ETSI


���;�q�ƺ�j�>8Q����� ]�4ޥ���T�^�\�Z���+��͕#�loj��C2��P�6��.�7�	܇�ɭ��9͟����ux�X����.�vWi���V�u~SM�ƃ�(<�Q��Pt����Dq

5 ETSI GR NFV-TST 011 V1.1.1 (2019-03)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Group Report (GR) has been produced by ETSI Industry SpecificationGroup (1SG) Network Functions
Virtualisation (NFV).

Modal verbs terminology

In the present document "should", "should not", "may"; " need not", "will", "will not", "can" and "cannot" areto be
interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of provisions).

"must” and "must not" are NOT allowed in ET:SI deliverables except when used in direct citation.

Executive summary

The present document proposes a model of the NFV test domain and recommends requirements for atest Domain
Specific Language (DSL) to manipulateit. In the context of NFV, a network service is supplied by multiple vendors and
each vendor hasits own test technology, interfaces into the system under test, and test languages (usually GPLs like
Java®, Ruby®, Python®, etc.) In order to create acommon test language, the test cases follow a standardized test case
model that the language can manipulate, and that can be implemented within individual test technologies. The model
includes shareable and reusabl e artefacts tied to the test domain: execution flow, data, abstract resources, environment,
etc.

Integration of multiple test technologiesis only possible by a system that can accept contributions of test resources from
multiple parties. These contributions may include lab resources, test APIs, test data, high-level function libraries, test
execution platforms, etc. The test environment is then constructed dynamically from these contributions. To allow the
dynamic nature of the test environment, it is necessary for the test case to be decoupled from specific resource
contributions and express the test process in terms of resource abstractions. Mapping these abstractions to concrete
resourcesisthe job of a Dynamic Resource Management (DRM) system. Thisis done by creating an environment
resource meta-model available to the test case developers at design time. The meta-model is then used for creation of
specific environment instance models at runtime. Each environment instance includes dynamic resource contributions
to which resource abstractions are mapped.

ETSI
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Introduction

With the advent of NFV, the industry is experiencing the following transformative challenges:

Multiple contributions to a network service

Open collaboration

Shift away from dedicated resources (sharing of resources)

Shift of integration responsibility from vendors to service providers (or their agents)

Test cases/plans can be repeated multiple times, making reuse critical

To address these challenges and to encourage collaboration, the present document provides recommendations for NFV
test domain modelling and a Test DSL that does not force vendors/participants to change their test technol ogy/language
and enables efficient utilization of resources. To enable reuse, the model also decouples test data and test environment
from the test case and uses dynamic allocation of test resources.

ETSI
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1 Scope

The present document proposes a model of the NFV test domain and recommends requirements for atest Domain
Specific Language (DSL) to manipulate it. The description includes an NFV test automation ecosystem that facilitates
interaction among NFV suppliers and operators, based on the DevOps principles.

The NFV test domain contains:

. System Under Test (SUT): Network Functions (NF), Network Functions Virtualisation Infrastructure (NFV1)
and network services.

. Test Resources: tools or instrumented NF's and NFVI elements that test cases can interface to manipulate the
SUT.

e  Test Execution Flow: controlled and uncontrolled state transitions.

. Test case configuration data and parameters: test-resource-specific and non-test-resource-specific.
The present document explores the following attributes to enable efficient multi-supplier NFV interaction:

o Reusability of test plans, test cases and test resources.

. Abstraction of test data.

o Decoupling of test case from the test environment.

. Use of test resource abstractions in place of concreteresaurces.

2 References

2.1 Normative references

Normative references are not applicable in the present document.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ETSI GSNFV-TST 001 (V1.1.1): "Network Functions Virtualisation (NFV); Pre-deployment
Testing; Report on Validation of NFV Environments and Services'.

[i.2] ETSI GSNFV-MAN 001 (V1.1.1): "Network Functions Virtualisation (NFV); Management and
Orchestration".

[i.3] ETSI GSNFV-SOL 003 (V2.3.1): "Network Functions Virtualisation (NFV) Release 2; Protocols
and Data Models; RESTful protocols specification for the Or-Vnfm Reference Point”.

[i.4] ETSI GS NFV-IFA 006: "Network Functions Virtualisation (NFV) Release 2; Management and
Orchestration; Vi-Vnfm reference point - Interface and Information Model Specification".

[i.5] ETSI GS NFV 003: "Network Functions Virtualisation (NFV); Terminology for Main Conceptsin
NFV*".

ETSI
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3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the terms given in ETSI GS NFV 003 [i.5] and the following apply:

execution engine: means by which a program can be executed on the target platform using the two approaches of
interpretation and compilation

3.2 Symbols

Void.

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in ETSI GS NFV 003 [i.5] and the following apply:

DSL Domain Specific Language

GPL General Purpose Language

HLF High-Level Function

TEP Test Execution Platform
4 Test Domain

4.1 Overview

The NFV test domainisaset of artefactsand systems for testing NFV-based solutions. NFV introduced the concept of
"dynamically configurable and fully automated cloud-environments" (https.//www.etsi.org/technologies/nfv) for
network functions. The present document models the NFV test domain as a set of abstractions so that the same level of
flexibility is available in testing those network functions. Figure 1 isincluded to illustrate relationships among artefacts
discussed in clause 4; the NFV Test Domain:imodel is described in more detail in clause 6. In addition, the present
document proposes requirements for a Domain:specific language (DSL) to manipulate that test domain. Using these
models and recommended requirements; suppliers and service providers are able to leverage different test technologies,
dynamically allocate test resources, and reuse test plans, test cases, and Test Execution Platforms (TEPS). In the present
document, atest case always refers to a computer program that can be executed by atest automation system.

ETSI
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Figure 1: NFV Test Domain Artefact Relationships

The NFV test domain is comprised of:

4.2

System Under Test (SUT) [i.1]: Network Functions (NF), Network Functions Virtualisation
Infrastructure (NFV1), and network services

Test Case Resources: tools or instrumented'NF's and NFV Felements that test cases can interface to manipulate
the SUT

Execution Flow: controlled and uncontrolled statetransitions

High-Level Functions

Test case configuration data and parameters: test-resource-specific and non-test-resource-specific
Execution Segments

Test Environment

Test Suites & Traffic Mixes

Test Case Resources

In order to be tested, the SUT exposes a set of interfaces over which test interactions happen. These interfaces vary in
the degree of complexity and may include entire protocol stacks. The test drivers communicate with the SUT by
sending and receiving encoded messages over one or more of these interfaces. This means that the implementation of
the interface is also present on the test side.

It istherefore necessary for the executing test case to create or otherwise acquire one or more objects that implement the
SUT interfaces and use them to send and receive messages to and from the SUT. These objects in turn expose their own
interfacesto the test case to allow the test to manipulate the message flow more easily. These objects will be referred to
as abstract resources. In essence an abstract resource is an instance of an SUT interface that providesits own API to the

test.

ETSI
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Abstract resources are test case-facing abstractions that utilize units of lab equipment, software, and/or data to do real
work. These units will be referred to as concrete resources. In the context of a shared lab, concrete resources are shared
among multiple users and are allocated to specific test cases for the duration of the test. This guarantees that the test
case gets exclusive access to concrete resources required for its execution. Some examples of concrete resources include
instances of instrumented or stubbed out MANO components, VNFs, VNFCs, etc. Availability of concrete resourcesis
generally limited and concurrently executing test cases contend to gain access to them.

The relationship between abstract and concrete resources is typically many-to-many, and the mapping between them is
described in clause 6.3. Thetest DSL is expected to enforce proper resource declaration, preclude any access to
concrete resources outside the resource management system, and provide the user with an intuitive way to declare and
manipul ate abstract resources. Once an abstract resource is mapped to an allocated concrete resource they form asingle
entity used by the test case to interact with the SUT. This entity will be called test case resource asillustrated in

Figure 2.

4.3 Test Execution Flow

Asthe test case executes, every resource goes through a sequence of states, reflecting the SUT functionality being
tested. These sequences range in complexity from trivial to very complex. The test case may be interested in some but
not all of these states. For example, if aresource is running a protocol stack, unless protocol conformance is being
tested, most low-level messaging is of no interest to the test case. It may only be interested in the successful or
unsuccessful outcome of such messaging. The degree to which the test case has visibility of the resource state can vary
for the same type of resource depending on the test scenario. Consequently, it is necessary for a mechanism for different
levels of control over the resource state to be present. The test case-should have the ability to "take over" the resource
state transition when necessary and let the resource run its own-state machine at other:times. The resource states
controlled by the test case are referred to as controlled states:

Controlled states of all test case resources at any given time farm the state of the test case. Test case initiates state
transitions by sending or receiving and verifying messagesto and from the'SUT on any of the test case resources. For
example, if the SUT isaVNFM implementation and an.Instantiate VNFrequest is sent from the NFV O resource, the
test case can verify receiving a Grant VNF LifeeycleOperation reguest by the NFV O resource and after acknowledging
it with a Grant VNF Lifecycle Operation response;Vverify.that the Allocate Resource request is received by the VIM
resource. Running a single state machine per test-case for contrell ed states while letting individual resources run their
own state machines for uncontrolled states provides an intuitive and flexible framework for SUT interface interworking.

Concrete Rsc

Test Execution Platform \

Abstract Rsc ‘
Abstract Rsc
Abstract Rsc

Test Case
Test DSL

State
machine

2y

Resource

Concrete Rsc [ /é
& | B—gn
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Figure 2: Test Case Resources and State Machine
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