Document: ICT-688712-TRIANGLE/D3.2

Date: 20/07/2018 Dissemination: PU

Status: Final Version: 1.1

Project: H2020-ICT-688712

Project Name:
5G Applications and Devices Benchmarking (TRIANGLE)

Deliverable D3.2

Report on the implementation of testing
framework Release 2 and specification of
testing framework Release 3

Date of delivery: 20/07/2018 Version: 1.1
Start date of Project: 01/01/2016 Duration: 36 months

TRIANGLE PU



Document: ICT-688712-TRIANGLE/D3.2
Date: 20/07/2018 Dissemination: PU
Status: Final Version: 1.1

Deliverable D3.2

Report on the implementation of testing framework
Release 2 and specification of testing framework

Release 3

Project Number:
Project Name:

Project Acronym

ICT-688712
5G Applications and Devices Benchmarking
TRIANGLE

Document Number:

Document Title:

Lead beneficiary:
Editor(s):
Authors:

ICT-688712-TRIANGLE/D3.1

Progress report on the testing framework Release 2 and
specification of Release 3

Universidad de Malaga
Universidad de Méalaga

Keysight Technologies Belgium (Michael Dieudonne),
Keysight Technologies Denmark (Andrea Cattoni,
German Corrales Maduefio, Marek Rohr), Universidad
de Malaga (Alberto Salmerédn, Almudena Diaz, Pedro
Merino, Cesar A. Garcia, Laura Panizo Jaime, Bruno
Garcia, Guillermo Chica, Verdnica Tapia, Maria del Mar
Gallardo), Redzinc Services Limited (Jeanne Caffrey,
Donal Morris, Ricardo Figueiredo, Terry O'Callaghan,
Pilar Rodriguez), DEKRA Testing and Certification S.A.U
(Carlos Cardenas, Janie Bafios, Oscar Castafieda, J.C.
Mora), Quamotion (Frederik Carlier, Bart Saint Germain),

TNO (Luc?a D6Acunt o, Pi ot
Adrichem
Dissemination Level: PU
Contractual Date of Delivery: 30/09/2017
Work Package Leader: Universidad de Malaga
Status: Final
Version: 1.1
File Name: TRIANGLE Deliverable D3.2 V1.1 FINAL
Abstract

release.

This deliverable provides the description of the second release of the TRIANGLE testbed. It
introduces current features provided by the TRIANGLE Portal and components integrated
into the testbed. The document also introduces the specification of the features for the next

Keywords

RAN, EPC, SDN,EUs

Architecture, workflow, deployment, orchestration, test case, Portal, measurements tools,

TRIANGLE

PU ii



Document: ICT-688712-TRIANGLE/D3.2
Date: 20/07/2018 Dissemination: PU
5‘! Status:  Final Version: 1.1

Document history

V1.0

Initial Release of the document

V11

Figure 2 has been updated in order to clarify that the Portal is only used for app
testing.

Section 9 has been updated with clarifications about how the user equipments need
to be connectorized to be integrated into the testbed.

TRIANGLE PU



Document: ICT-688712-TRIANGLE/D3.2

Date: 20/07/2018 Dissemination: PU

Status: Final Version: 1.1

Executive summary

This document is the second deliverable of WP3. WP3 is responsible for the development of
the testing framework in TRIANGLE. Testing framework covers all the software,
coordination/sequencing that control & connects to the test infrastructure. It is charge of
handling and converting the end user test requests into actionable steps within the software and
hardware portion of the testbed.

The document describes the second implementation of the TRIANGLE testbed and a complete
description of the features and the control interface implemented to manage each one of the
components of the testbed. The content of this document will be updated in D3.4, which will
introduce the advances in the architecture and the features provided by testbed to the date of
publication.

The focus of the document is to provide a clear understanding of how the testbed is being
implemented to deliver testing and certification services to app developers, device makers and
researchers. Release 2 of the testbed is focused on the improvement of the functionality offered
by the Portal, improvements in the orchestration, more sophisticated network scenarios, and a
more efficient integration of the tools and the addition of new features. The document also
includes the results of a test executed to check the integration of the current components.
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1 Introduction

D3.1 described in detail all the instruments, tools and hardware composing the testbed and the
outcome of the first integration of some of these components. For the configuration, control and
coordination of the components an orchestration framework, based on TAP, was defined. The
general architecture of the testbed (shown in Figure 1) the orchestration of the framework and
the components of the testbed were all documented in D3.1.

Interface and visualization (Portal)

Section 3

Testbed management

Orchestration

EPC Local application
. Section 7 servers

RAN

Transport

Section 9 Section 6 Section 8

Figure 1 High-Level architecture of the testbed

In D3.2, we will follow this high-level architecture to introduce the innovations and improvements
introduced in each of their components. The document starts with Section 2 which provides a
quick overview of the general workflow of the testbed so that the reader can better understand
the internal functioning of the system.

Section 3 introduces the improvements carried out in the Portal. The Portal is the main entry
point to the testbed for application developers. In the initial version of the testbed a very limited
set of functionalities was exposed through the Portal. In this version of the testbed (Release 2),
and once the applications are uploaded, developers can declare a set of features about their
applications. In accordance with these features the Portal offers the code snippets the developer
should introduce into the code of their applications to measure the KPIs associated to the
declared features. In this sense, the Portal offers a common approach to measure the QoE of
applications offering the same or similar features. Custom KPI can also be defined using the
instrumentation library (see Section 5).

The key components of the orchestration framework are explained in section 4. As already
introduced in D3.1, each elements that needs to be configured and controlled as part of the
testbed has an associated TAP driver. Section 4 explains all the drivers developed so far. These
drivers provide the configuration and control steps used to compose the TAP test plan templates
used to execute the test campaigns defined in the Portal. Moreover, researchers and device
markers can use these drivers directly to define their own customized TAP test plans. The
TRIANGLE testbed offers to device markers and researchers a virtual machine hosted in the
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testbed. Through the TAP environment installed in these virtual machines the experimenters
have a secure and flexible access to all the components of the testbed.

Section 5 introduces advances to support the collection of measurements which enable the
computation of QoE metrics. The first release of the testbed (Release 1) offered isolated
measurements of CPU, RAM, traffic, power consumption, etc. In this release (Release 2) we
have implemented a first version of the instrumentation library defined in D3.1. This library
enables to link all the measurements collected by the testbed with the features exercised at any
time by the application, for example it is able to measure the power consumption while playing
a video. Moreover, this library enables to measure internal delays of the application when using
these features, being delays a key factor when computing QoE. A more the detailed description
of the ETL module which computes the KPIs and the TRIANGLE mark will be provided in D3.3.

Sections 6, 7, 8, 9 and 10 describe the novelties introduced in each one of the segments of the
testbed: Radio access, EPC, Transport, UE and Servers, respectively. Section 11 describes
new features introduced in the testbed, like GPS emulation, model based testing and the robotic
arm for Virtual reality applications. Section 12 provides the results obtained after running
internally experiments to exercise the testbed and probe its ability to characterize the
performance of mobile apps. Finally, Section 13 enumerates the features that the project will
introduce in Release 3.
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2 TRIANGLE testbed architecture

In this section we will provide a quick overview of the testbed workflow which will enable the
reader to understand the architecture of the testbed and the role of each one of the components

2.1 TRIANGLE testbed workflow and architecture overview

End users, of the type Application developers, use the TRIANGLE portal to upload their apps
and then define the test campaigns. The Portal provides a set of forms where the users declare
the features of their Apps (implementation statements), and any required additional information
(such as the app user flow which contain a sequence of actions to stimulate the app during the
test) to carry out the tests. The Portal is described in more detail in Section 3.

To configure and execute a test the orchestrator (implemented in Python as shown in Figure 3),
will make use of the information provided by the end user at the Portal. The information is
retrieved by the Orchestrator using the REST API provided by the Portal and described in
Appendix 1.

With this information the Orchestrator instantiate the Compositor to compose a TAP test plan
that includes the network scenario setup, the app installer, the app user flow and the
measurements that have to be gathered to compute a given set of KPIs. The KPIs depends on
the features declared by the App. The TAP test plan is built from existing TAP templates and
TAP scenarios as shown in Figure 3.

Portal

Compute
Compute metrics and
Kl:|5 mark
1
IS S
= B
Computed
KPIs

Figure 2 Testbed workflow

In the next step of the testbed workflow the Executor is instantiated to execute this TAP test
plan with TAP. The TAP test plan configures all equipment needed to run the tests (such as the
UXM), executes the body of the test, and gathers results produced by any of the measurement
probes and tools. The results are stored in a database.

Finally the Orchestrator instantiates the ETL module (Extract, Transform and Load) to compute
the KPIs from these measurements. The computed results will be stored in a separate database.
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For certification, a set of metrics will be derived out of the computed KPIs. To rate the product
using the TRIANGLE mark, the metrics will be compared against a set of reference values.
These metrics will be stored in a separate database.

Finally, the results will be presented to the end user in the Portal.

This workflow translates into the components shown in Figure 3. For the sake of clarity in Figure
3 only shows control and management entities. Software and hardware components of the
testbed are shown in Figure 8.

During the implementation the Orchestrator, the Compositor and the Executor has been
implemented as part of the same component, called the Orcomposutor. The Orcomposutor also
provides a REST API which is used by the Portal to order the execution of a test campaign
defined by the user in the Portal. The Orcomposutor is described in more detail in Section 4.

LINUX

WINDOWS
Portal

Exp #1 II

Orchestrator(PY)

Rest.0.0.1

ORCOMPOSUTOR

REST API

Compositor Executor

(PY)

TAP

template

TAP
SCENARIO

template

Parameters

Figure 3 Control and management entities of the testbed
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3 Interface and visualization (Portal)

Portal is the main entry point of the TRIANGLE testbed for app developers. In this Portal, among
other things, end users can upload new apps. In addition, end users will have to declare the
uses cases and their apps (see Figure 4). Each use case has associated a set of features as
shown in Figure 5. These features will define what can be tested through experiments, or which
tests specifications will be applicable when they opt for certification (certification will be available
in Release 3).

v2.0.0.34-0e111b

ExoPlayer2 Demo 2.0.0.34-0e111b (#200034) @ Delete appversion | & Download app version

(>)

Augmented Reality Common Services Content Distribution Streaming Servic Gaming

High Speed Internet Live Streaming Services Social Networking Virtual Reality

Figure 4 Uses cases

Users can then define their own experimentation campaigns to test certain features of their app.
For these campaigns, users have some high-level options they can configure: the scenario of
the test, the device on which the test will be carried out, and a subset of the applicable KPIs.
The Portal also provides a code snippet that should be used by the developer inside his app to
measure the KPIs associated to the features declared.

3.1 Information provided by users

App developers provides information about their apps through the Portal. In addition, when
creating an experimentation campaign, or going for certification, they may be asked for
additional information.

Since the information provided for apps is of considerable size, users will be able to enter it at
their own pace, using the forms available in the Portal.
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ExoPlayer2 Demo 2.0.0.34-0e111b (#200034) ® Delete app T & Download app version

0 Android

Features Test Cases

Download media content for offline playing Download content for offline playing Download content

Download media content for offline playing

< Media file playback .
Media file playt Non-Interactive Playback Measure the UXK

Measurement points

Measurement point Test Cases Snippet
Media file playback - Start Non-Interactive Playback eu.triangleproject.instrumentation.uc.f.measurementPoint

Media file playback - End Non-Interactive Playback eu.triangleproject.instrumentation.uc.f. measurementPoint

Figure 5 Features selection and measurements points

3.1.1 App info
The following is provided for each app:

1 App file, e.g. APK file for Android apps. Some metadata can be extracted from this
file, such as the app name, version, and codename.

1 Features applicable to the app. The app developer will select from a list of uses
cases and its associated features, which ones apply to his or her app. The list of
features will be extracted from D2.2, so that a clear mapping between them and the
test specifications/ICS table can be done.

1 How to measure. Each feature will be tested according to a set of KPIs. In order to
test many of the features, and to get the appropriate measurements to compute the
KPIs, app developers will have to provide additional information.

o App user flows. A sequence of user actions that can be executed
automatically to test that feature. When possible, the app user flows will be
asked once per feature, so that users do not have to enter separately for each

KPI , or in groups. For inmnstfeamceae,y ei font hvdrii & |
several KPIs can be measured, they will only be asked for a single app user
flow.

0 Measurement points. In order to compute some KPIs, the app developer must
define how some of the required measurements can be obtained in his or her
app. Depending on the KPI, the user will be able to provide these measurement
points in several ways. For instance, as a particular user action within the app
user flow, or a measurement point set using an instrumentation library.

Since apps may evolve over time, and their features, or how to measure some of the KPIs, can
change over time, the developer will be able to customize this information for each app version.
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3.1.2 App experimentation

When the user wants to carry out an experimentation campaign, he or she must select the
following information:

1 App and version. The user may have more than one app, and more than one version
of that app. Therefore, he or she must select the one that will be tested.

1 Scenario. One of the high-level scenarios defined in the TRIANGLE project, which

hides the complexity of the parameters that must be configured in the Testbed

equipment.

Device. One of the devices available in the Testbed, on which the app will be tested.

1 Features/KPIs (optional). A subset of all the features/KPIs applicable to the app, if the
developer is interested only in testing part of the app.

=

3.2 Backend REST API

The Portal now includes a REST API that provides access to its backend. This API allows
external services to request information stored in the backend database, or update it. Outside
of the Portal, the primary user of this REST API is Orcomposutor (described in Section 4.1),
which uses the API to fetch the details of campaigns to be executed, and to upload the results
once they are finished.

All API calls return a JSON object with data about the requested resource. The REST API largely
adheres to the HATEOAS (Hypermedia as the Engine of Application State) principle. In practice
this means that JSON responses include URLs that point to other related resources. For
instance, when querying a single application, the JSON response includes a list of its versions
with some information such as their Id and version code, as well as a URL to the resource of
that application version, in order to request more details.

The REST API provides access to the following resources:
- Devices
- Users
- Apps and their versions
- Features
- Test cases
- Scenarios
- Campaigns

Methods available to access to these resources are detailed in Appendix I.
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4 Orchestration

Once all the required information has been entered into the Portal, the TRIANGLE testbed end
user can proceed with an experiment. The first step would be to take the information entered
and turn it into executable TAP test plans. This is the task of the test plan Orcomposutor.
According to the features introduced in the Portal for the product under test, the Orcompusutor
will generate the applicable test plans.

To create the required TAP test plans, the Orcomposutor uses pre-defined TAP test plan
templates. When possible, the Orcomposutor will take advantage of two TAP features: the ability
to expose parameters of a test step to external callers, and a test step that allows the execution
of another test plan.

For instance, may test plans will start by setting up the network scenario, and configuring the
required parameters in the Testbed equipment. This setup will be the same, regardless of the
body of the test plan. Thus, the Orcomposutor will reuse existing TAP test plans that configure
particular network scenarios.

For an app test, the body of the test plan typically includes replaying the user actions contained
in an app user flow provided by the app developer. The Orcomposutor will get the app user flow
from the Portal, and will set the corresponding external parameter of the WebDriver replay test
step.

The Orcomposutor is also aware of which KPIs are going to be measured with each of the
generated TAP test plans. If necessary, the test plan should provide explicit support for
performing the measurements required for the KPIs. For instance, if a test plan will contribute
to a KPI on power consumption, the power analyser must be configured and used in the test
plan. In addition, the information on which KPIs are going to be measured by each test plan
must be passed along in the workflow.

Each of the TAP test plans created by the Orcomposutor can be then executed in the Testbed
using TAP. The TAP test plan contains all the information required to execute a test
automatically.

During the execution of the TAP test plan, the measurement tools will gather measurements.
The measurement tools that are fully integrated with TAP will publish them as usual. In this
case, the results will be handled by a TAP result listener that sends them to a central OML
server. This OML server uses a PostgreSQL database server to store the measurements. Some
tools may include OML support, and thus send their measurements directly to the OML server
directly.

4.1 Orcomposutor

Orcomposutor (ORchestrator-COMPOSer-execUTOR) is a server with a REST API that runs
on the same Windows machine as TAP. Its purpose is to bridge the Portal and TAP (which run
on separate machines) by:

9 Accepting test campaign execution requests from the Portal

1 Composing the TAP test plans required to run a test campaign and its test cases

1 Executing the TAP test plans

1

Uploading the results of the execution to the Portal

TRIANGLE PU 8/97



Document: ICT-688712-TRIANGLE/D3.2

/ Date: 20/07/2018 Dissemination: PU

Status: Final Version: 1.1

To carry out these functions, Orcomposutor needs to communicate with the REST API of the
Portal backend (described in Section 3.2), and with the OML database.

4.1.1 REST API
Orcomposutor has a REST API that exposes a single method.

Table 1 - Orcomposutor REST API

URL Method  Description

Handles requests to execute a campaign.

/run_campaign?id=<id> GET ) . ) .
Returns immediately. Backend will be updated with
campaign progress and results.

This method returns immediately, informing the caller that the campaign was started
successfully. If there is another test campaign being executed on the testbed at the moment,
Orcomposutor will return an error code. The backend will be updated periodically with the
progress of the test campaign execution, and any results that are produced after executing each
test case.

4.1.2 TAP test plan composition and execution

The request to execute a test campaign only includes the identifier of that campaign.
Orcomposutor uses that id to request more information about the test campaign to the backend
using its REST API. This information is used to determine which test case or test cases must
be executed with TAP. Since a single test campaign can define more than one test case, it is
possible that Orcomposutor must prepare the execution of more than one TAP test plan.

TAP test plans contain several external parameters and test plan references that must be filled
in to be executed. Orcomposutor must retrieve the appropriate information from the backend
REST API in order to fill in this blanks, such as the id of the device used in the test case, or the
network scenario. In the latter, Orcomposutor must select the appropriate TAP test plans that
include the initialization and dynamic configuration for each scenario. We call the selection of
this parameters and referenced TAP test plans the composition of the test plan.

Once the TAP test plan has been composed, it can be executed with the TAP CLI.
Orcomposutor will store the TAP logs, as well as internal logs for diagnostic purposes.

4.1.3 Results

Once a TAP test plan has finished correctly, Orcomposutor will upload the corresponding results
to the Portal backend. These results include:

- Results collected in the TAP database from testbed instruments and tools (including the
instrumentation library)

- Logs from the device (e.g. logcat for Android devices)

- Traffic capture in pcap format
4.2 Test Automation platform (TAP)

4.2.1 New features in TAP)
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The TAP automation software introduces three new major features into the TRIANGE testbed
Release 2:

- The compatibility of Test Plan Reference test step with External Parameter
- TAP server
- Move from .NET to .NET Core

4.2.2 Test Plan Reference called as External Parameter

In TAP terminology, a Test Plan Reference test step is a special test step which allows TAP to
call any 3" party test plan to be executed in a sequence as a single test step. Despite the
potential complexity of the called test plan, this is transparent to the original test plan. The parent
TAP test plan cannot modify fields within the called test plan, guaranteeing no interference
between master test plan and called test plan when using the test plan reference test step.

TAP additionally allows some fields within the test steps to be declared as External Parameters.
These fields have a default value, but when launching TAP from a command line interface, can
have their value replaced by the command line requested value, further increasing the flexibility
of a single test plan. Indeed, the user can reuse a single TAP test plan with a large combination
of parameter values, simply by declaring them as external and crafting command line calls with
different values.

Step Settings
Time Delay =

External Test Plan Parameters

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

External Name Value Test Step \ Property

DelayStepA S5s Delay \ Time Delay

C:\Program Files\Keysight\TAP>Keysight.Tap.Cli C:\Test\ExternalParam.TapPlan -e DelayStepA=7
Loaded test plan from C:\Test\ExternalParam.TapPlan [22 ms]
TestPlan: ExternalParam.TapPlan

Starting TestPlan 'ExternalParam.TapPlan' on ©9/22/2017 13:52:01, 1 of 1 TestSteps enabled.
Delay started.

Delay completed. [7036 ms]
----------- Summary of run started ©9/22/2017 13:52:01 ----------
/ 7036

Figure 6 External Parameter setting & command line execution

On Figure 6 shows an example of a TAP test plan is created with a Delay step, using a Time
Del ay par ametayStceaplAoe ds efitDetlo a default value of
external parameter is forced to 7 seconds and the delay step executes for roughly 7 seconds.

The new TAP release (TAP 2018 or simply TAP 8) combines the two above-mentioned features

to bring increased flexibility in the creation of dynamic test plans, by enabling Test Plan

Reference test steps to be called as external parameters. This means that whole subsections

of TAP test plans can be replaced at each test execution, by pointing the external parameter o
value to another 3' party test plan.

4.2.3 TAP server

TAP offers the new feature to run as a server, listening to remote connections received via TCP
or through REST API, to execute test cases at will. This enables alab PC running TAP to receive
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asynchronous test requests from web interfaces, without exhibiting the access to the lab to the
experimenter.

4.2.4 NET Core

TAP moved from .NET to .NET Core to increase its compatibility with more platforms and be
more flexible in its deployment.

4.2.5 TAP test plan templates

TAP test plans to be executed on the TRIANGLE testbed will be created from generic templates,
and programmatically parameterized by the Orcomposutor according to the domain, use case,
test case and network scenario the user wants to test in.

The skeleton of a template consists of the following example steps:

- Instruments initialization & set-up according to domain, test case and network scenario,
for instance (highlighted in green on Figure 7)

o0 UE initialization with the installation of the application under test
o Power analyser set up to measure device power consumption
0 UXM configuration for a specific network scenario

- A repeat loop, which will run successive iterations of the same application flows, to
gather multiple measurements to reach meaningful and converged test results. (In
orange on Figure 7)

During this loop:

o0 Parameters representing network and channel conditions will evolve
dynamically, within a single network scenario, to represent the variability of
connectivity conditions for the end user in the field (purple on Figure 7)

o The application flow will be executed, delivered by the application developer
(blue on Figure 7)

Test Plan TEMPLATE_Generic_v2.TapPlan

4+ — .k PRun Pl = Repeat ~
Step Name Step Type
8 + | KPI Labeler Triangle \ KPI \ KPI Labeler
+ | Put UE to airplane mode Triangle \ Android \ adb Airplane Mode
>} | NW scenario specific UXM configuration ~ Flow Control \ Test Plan Reference
> v | Other instruments configuration Flow Control \ Sequence
£) v | UE configuration Flow Control \ Sequence
+ | Show throughput screen E7515A-LTE \ BSE \ Utils \, Show Screen BSE
Loop across fest iterations +| Start throughput graph Basic Steps \ SCPI
v | Repeat Flow Control \ Repeat
+ | Parallel Flow Control \ Parallel
+ | Application flow Flow Control \ Sequence
¥ | Various app flows Flow Control \ Parallel
Application Network scenario
=i Glere el e + | Break Event Triangle \ Dynamic Sequence \ Break Event
[¥] Network scenario Flow Control \ Sequence
Q [i Dynamic Sequence Triangle \ Dynamic Sequence \ Dynamic Sequence
@] subscenario 1 Flow Control \ Test Plan Reference
[7 Subscenario 2 Flow Control \ Test Plan Reference
[ Uiss mifter s ] @®|v| Subscenario 3 Flow Control \ Test Plan Reference
—l [i Subscenario 4 Flow Control \ Test Plan Reference
[i' Subscenario 5 Flow Control \ Test Plan Reference
O + | Campaign end Basic Steps \ Delay

Figure 7 Test plan flow chart & TAP implementation
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Y

Parametero TAP f e d.2.1 reglacingrthe applitatian eéedt flow mepending on
the test case, substituting the network scenario depending on the emulated channel conditions
the experimenter requests and so on.

4.2.6 TAP plugins

This section introduced the TAP plugins implemented to configure and control the different
components of the TRIANGLE testbed. Figure 8 shown the hardware and software components
of the testbed and the drivers associated to each one of them.

TAP Core + Plugins

Al .
i05TAP  ll instrumentat e R switc il FOPUC
Driver ion TAP Emulation B up briver -
Driver TAP Driver Driver
Android UXM
Tap Driver Driver

Impairmé VELOX

nts TAP TAP
driver driver

Interface and
visualization (Portal)
EPC
Driver

Power

DEKRA WebDriver Command

) . . Analyzer
Driver Driver Line Tool Driver
REST [ OML/TCP
Quamotion cu
WebDriver
Android Debug
Bridge (adb) |
¥ v droid
Prop. adb/usp ~ Android UE SCPI/TCP  SCPI/TCP Tel/TCP PSQL/TCP +——  PSQL/TCP
adb
REST SCPI/TCP ARl
Robotic
Arm

Figure 8 Hardware and software components of the testbed for Release 2

Table 2 provides a brief description of each one of the TAP plugins implemented. All the
implementations details of these TAP plugins are provided in Appendix 2.

Table 27 TAP plugins implemented in the Release 2
TAP plugin Description

Quamotion WebDriver This plugin allows TAP to send user actions (such as
tapping a button or entering a text in a field) through the
use of Quamotion WebDriver. The plugin will provide an
instrument to connect to the Quamotion WebDriver, as
well a series of test steps.
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OML server This plugin allows TAP to send the results reported during

an experiment to an OML server (which will store them in
a database).

Instrumentation library This plugin allows TAP to parse logs from devices to
extract measurements produced by the instrumentation
library. These measurements will be published and
processed by the corresponding result listeners. This
plugin does not provide any additional instruments.

Android This plugin provides a collection of steps that can be used
for controlling an Android device connected to the
TRIANGLE testbed through the Android Device Bridge.

i0S This plugin allows TAP to control an iOS device in order to
perform key actions, such as restart, save logs, capture
network traffic and launch apps. An iOS device can be an
iPhone, iPad or iPod Touch.

RF switch This plugin provides steps and an additional instrument for
controlling a LXI-compliant 11713C attenuator/switch
driver available on the TRIANGLE testbed. This switch
driver is used alongside Keysight L7104A electro-
mechanical switches, in order to allow the users to select
one of the available devices in the testbed at any given
time.

GPS emulation This plugin provides the instruments and the steps to
configure and control the GPS emulation feature
introduced in Section 11.

Dynamic Sequence Plugin In order to efficiently enable the parallel test execution
structure described in 4.2.5, a new plugin needs to be
introduced, called DynamicSequence, has been
introduced.

Iteration-aware result listener = A test case requires to be run multiple times to reach

plugin statistically meaningful and converged test results.
Results from each iteration need to be saved separately
to calculate KPIs, and pinpoint possible sporadic
performance outliers. To achieve iteration-aware tagging
of test results, a new Result Listener has been added to
TAP, injecting the application flow iteration into the test
results.

KPIs calculation plugin The plugin is aware of the domain, use case and test case
of the results it receives as input, and calculates the
relevant KPIs for this combination.

Plugins to reach TAP server | This plugin enables to reach remotely a TAP server which
implies that the Orcomposutor can reach a TAP server
installed in a different machine to run the composed TAP
test plans.
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DEKRA This plugin enables to control the DEKRA Performance
Tool from TAP to collect UE measurements during the
executions of the TAP test cases.

VELOX This plugin enables to use from TAP the RedZinc VPS
Engine or Velox, an over-the-top-content enabler.

4.3 New features in the Quamotion WebDriver

The following new features are added to the Quamotion WebDriver in the second release of the
TRIANGLE Testbed

1 Application flow editor

Full device automation

Verification of user interface properties

Remote control on Android and iOS

Record application flows (Click, enter text, back)

Hybrid and browser application support

= 4 4 -4 -—a A

Support for iOS 11 and Android 8 versions

4.3.1 Application flow editor

The Quamotion WebDriver allows to create, record and edit an application flow for both Android
as well as iOS applications (see Figure 9: Quamotion WebDriver script editor). There is no need
to write code for basic scenarios.

Figure 9: Quamotion WebDriver script editor
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