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\ ABSTRACT 

The Multi-MNO project aimed to develop, implement and demonstrate a proposal for a reference standard 

processing pipeline for the future production of official statistics in Europe based on Mobile Network 

Operator (MNO) data from multiple operators. If successful, the proposal developed by the project may be 

endorsed as European Statistical System (ESS) standard by the relevant ESS bodies. The term ‘processing pipeline’ 

refers to the combination of a methodological framework and a reference open-source software adhering to such 

a framework. The processing pipeline developed in this project covered an initial set of use cases; nonetheless, it 

has been designed to be general enough to provide the flexibility and growth capability required to cover other 

future use cases. The pipeline was demonstrated and evaluated on real-world data from multiple MNOs in various 

EU countries. 

The testing on real-world data was aligned to the requirements and specifications provided by the 

methodological and quality frameworks defined in the context of the project, reflecting as well the software 

requirements, guidelines and the artefacts (code, testing datasets, user manual, developer guide, etc.) available 

in the project’s Github repository (see: https://eurostat.github.io/multimno/latest/). 

This report describes the testing approach and setting, highlights the key findings and lessons learnt and provides 

a forward-looking perspective by recommending actions for future works. 

This report does not include any personal or business sensitive information. Before dissemination, its content has 

been submitted for approval by the testing MNOs. Furthermore, any of the actions proposed for future works 

express only the view of the consortium implementing the Multi-MNO project and are not meant to convey an 

action plan for Eurostat or the ESS partners. Any future directions of the work will be decided upon by the 

responsible authorities beyond the Multi-MNO project. 
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Abbreviations 
 

AWS  Amazon Web Services  

CGI  Cell Global Identification 

CPU Central Processing Unit 

DPS Daily Permanence Score 

ESTAT  Eurostat 

ETL Extract Transform Load  

GCP Google Cloud Platform 

IoT Internet of Things 

LAU Local Administrative Units 

M2M machine to machine 

MNO  Mobile Network Operator 

NSI National Statistical Institution 

RAM Random Access Memory 

QA Quality Assurance 

UE Usual Environment 
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1. INTRODUCTION 

1.1 THE MULTI-MNO PROJECT: BACKGROUND AND OBJECTIVES 

The data collected by mobile network operators (MNOs) can be a valuable source for the production of official 

statistics in various policy domains where it is crucial to provide reliable and up-to-date indicators on population 

presence and mobility. Spatial planning, transport and mobility, health and environment, economy and tourism 

are relevant examples. In recent years, a number of National Statistical Institutes (NSIs) within the European 

Statistical System (ESS) have started to conduct exploratory activities aimed at using MNO data for the 

development of innovative statistical products. The activities conducted by ESS members have shown that the 

use of MNO data for official statistics calls for the development of a set of standardised reference methods and 

tools adhering to the requirements and principles of statistical production, such as quality, transparency, privacy 

and scientific rigour.1 Methodological standardisation provides several benefits: 

1. Comparability: the use of standardised definitions, classifications, and measurement techniques will 

ensure that statistical products based on MNO data produce consistent and comparable outcomes. 

2. New business models: standardisation will favour open-source business models from which both private 

and public organisations will benefit. Contributions from the open-source community will provide for 

building reputation and generating new business opportunities for the private companies specialised in 

MNO data analytics products. 

3. Accuracy and reliability: the application of sound methodologies in the pipeline will improve the process 

quality and, consequently, the accuracy and reliability of statistical products based on MNO data. Uniform 

methodologies, guidelines, and quality standards for data collection, processing, and dissemination will 

reduce errors, biases and inconsistencies, enhancing the credibility and trustworthiness of official statistics 

based on MNO data. 

4. Transparency, privacy and accountability: standardisation promotes transparency and accountability in 

the production of official statistics. By adopting open and well documented methodologies statistical 

agencies abide to the requirement of documenting how data are processed. This will allow scrutiny, 

validation, and reproducibility of statistical methods by independent experts and stakeholders. 

5. Data integration and exchange: standardisation will facilitate data integration and exchange at national 

and international levels. When statistical data adhere to common standards, it becomes easier to combine 

and aggregate data from different sources, enabling the development of indicators across various domains. 

Standardised data also supports international comparisons and harmonisation efforts, helping countries 

align their statistical systems with global frameworks. 

6. Policy formulation and evaluation: standardised official statistics serve as essential inputs for policy 

formulation, implementation, and evaluation. Standardisation will ensure that policymakers have access to 

relevant, up-to-date, and comparable statistical products based on MNO data, enabling evidence-based 

decision-making. 

7. Public understanding: standardised official statistics enhance public understanding of complex issues. By 

presenting data in a consistent and accessible manner, statistical agencies enable individuals, communities, 

and organisations to comprehend and interpret information effectively, promoting informed discussions 

on societal challenges. 

The Multi-MNO project aimed to develop, implement and demonstrate a proposal for a reference standard 

processing pipeline for the future production of official statistics in Europe based on MNO data from 

 
1 See position paper prepared by the ESS Task Force on the use of MNO data for Official Statistics: Reusing mobile network operator 

data for official statistics: the case for a common methodological framework for the European Statistical System – 2023 edition - 

Products Statistical reports - Eurostat (europa.eu) 

https://ec.europa.eu/eurostat/en/web/products-statistical-reports/w/ks-ft-23-001
https://ec.europa.eu/eurostat/en/web/products-statistical-reports/w/ks-ft-23-001
https://ec.europa.eu/eurostat/en/web/products-statistical-reports/w/ks-ft-23-001
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multiple operators. If successful, the proposal developed by the project may be endorsed as ESS standard by the 

relevant ESS bodies. The term ‘processing pipeline’ refers to the combination of a methodological framework and 

a reference open-source software implementation adhering to such framework. The methodological pipeline was 

developed in the context of the project’s Task 2, while the reference open-source software implementation was 

developed in the project’s Task 4. The open-source implementation was demonstrated and evaluated on real-

world data from multiple MNOs in various EU countries in the project’s Task 5. In this document we provide a 

summary of the testing activities and results from Task 5. The processing pipeline developed in this project covered 

an initial set of six use cases; nonetheless, it has been designed to provide the modularity, flexibility and growth 

capability required to cover other future use cases.  

1.2 PURPOSE OF THE TESTING ON REAL-WORLD DATA IN THE SCOPE OF 

THE PROJECT 

Overall, the main purpose of the testing task was to conduct two test runs to evaluate, under real-world 

conditions, the functionality, scalability and robustness of the open-source software pipeline developed within 

the scope of the Multi-MNO project. These tests represented a key milestone in demonstrating the pipeline’s 

operational readiness and alignment with the methodological framework developed by the project.  

It is emphasised that the testing task targeted the demonstration and evaluation of the pipeline exclusively 

from a software implementation perspective. The purpose of the testing was not to revisit the reference 

methodological framework2 (which integrates, as well, quality checks, i.e. quality metrics and warnings as defined 

in the project’s Task 33) defined in the first phase of the project and extended gradually along the project 

implementation to new use cases. Any other potential testing goals (e.g., evaluating quality assurance methods) 

fall outside the scope of the project and may be addressed in future follow-up activities, based on the project 

results. 

The feedback loop, where the testing informs and revisits exclusively the software implementation solution, but 

not the methodology and quality frameworks, has been planned accordingly in order to ‘preserve’ or ’safeguard’ 

the logic of the methodological framework. The high-level methodology and architectural design of the methods 

are consistent with the ESS strategy towards the use of privately held data for official statistics and align well with 

the needs of ESS partners in terms of statistical outputs (current or future). 

However, the successful demonstration and evaluation of the software pipeline on real-world data from 

multiple MNOs in various EU countries, validates the practical feasibility of an adaptable, robust and modular 

methodological framework, applicable to a range of use cases related to population presence and mobility 

indicators, which also incorporates elements of quality assurance and data protection by design.  

The proposals for the methodological and quality frameworks, resulting from this project, are indispensable, 

complementary readings for the understanding of the logic of the software pipeline and corresponding software 

documentation, available at: 

\ https://github.com/eurostat/multimno/releases/tag/1.0.0 

\ Deliverable D4.4 – Final code release and documentation at Multi-MNO project | Eurostat CROS (europa.eu) 

(see Project Results) 

 
2 See for further details Deliverable D2.3 – Final version of Technical Documentation for Scenarios, Requirements, Use Cases and 

Methods, and High-level Architecture under Project Results section at: Multi-MNO project | Eurostat CROS (europa.eu) 
3 See for further details Deliverable D3.3 – Quality Framework and Business Process Model under Project Results section at: Multi-

MNO project | Eurostat CROS (europa.eu)  

https://github.com/eurostat/multimno/releases/tag/1.0.0
https://cros.ec.europa.eu/landing-page/multi-mno-project
https://cros.ec.europa.eu/landing-page/multi-mno-project
https://cros.ec.europa.eu/landing-page/multi-mno-project
https://cros.ec.europa.eu/landing-page/multi-mno-project
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Finally, we underline that the goal of the project was to deliver a Minimum Viable Product (MVP) that is generally 

applicable and is designed to evolve through refinements and extensions in follow-up projects (evolvable by 

design). 

1.3 SCOPE AND OBJECTIVES OF THE DOCUMENT 

This executive summary provides an overview of the results of the testing task carried out in the context of the 

Multi-MNO project. It describes the testing approach and setting, highlights the key findings and lessons learnt 

and provides a forward-looking perspective by recommending actions for future work.  

This executive summary has been produced for dissemination purposes, in order to inform the project 

stakeholders on all project activities. It summarises the full scope and results of the pipeline testing activities on 

real-world MNO data in multiple EU countries without disclosing any personal or business sensitive information. 

Before dissemination, its content has been submitted to the testing MNOs for review and approval to ensure that 

it contains no business sensitive information. 

The document is structured as follows: 

\ Chapter 2 describes the testing approach, planning and execution: it provides a general overview, details 

the testing specifications and scenarios and the testing process/workflow. This chapter incorporates test 

preparation details (infrastructure set-up, access control, MNO input test data) and reports on test executions. 

\ Chapter 3 summarises the findings and the lessons learned from the testing task, with a focus on software 

related aspects. 

\ Chapter 4 formulates recommendations for future deployments and extensions, taking a comprehensive 

perspective (methods and software). 

\ Annex 1 – introduces the basic testing requirements (input data, infrastructure requirements, questionnaire 

for MNOs). This can be used as a reference for future testing rounds of the current software pipeline (but as 

well – with eventual minor adaptations – for future use cases testing) 

\ Annex 2 – introduces the MNO report template that was used to collect structured feedback on the testing 

process for the current software solution.  
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2. TESTING APPROACH AND 

EXECUTION 

2.1 GENERAL OVERVIEW 

The testing was conducted within the secure infrastructure of five MNOs in different EU countries, namely 

Belgium, Estonia, Spain, Italy and Luxembourg. Two types of MNO data were used as input for the software 

pipeline: (anonymised) event data and network topology data. Each MNO deployed the software locally, ensuring 

full compliance with their data protection policy and confidentiality requirements. 

The tests progressed in two different rounds, as follows: 

• The first round focused on initial deployment, functional validation and end-to-end execution of the 

software pipeline for two use cases, namely: Present Population and Usual Environment. 

• The second round scaled up in spatial and temporal coverage and in terms of scope, extending the 

end-to-end execution of the software pipeline to a total of six use cases, after incorporating the 

improvements derived from the first test round to the initial two use cases. The use cases tested in the 

second test round were: Present Population, Usual Environment, MNO-Home Location, Inbound 

Tourism, Outbound Tourism and Internal Migration. 
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Box 1: Selected use cases and their relevance 

In the Multi-MNO project, use cases are application scenarios in which MNO data can be used to obtain different 

statistical products/outputs through the high-level methodology framework. A total of 13 use cases were defined 

in the Technical Documentation for Scenarios, Requirements, Use Cases and Methods and High-Level 

Architecture (in Volume II – Use Cases)4 from a conceptual and methodological perspective. Out of these, six use 

cases were prioritised for implementation into software and corresponding testing on real-world MNO data. The 

prioritisation of the use cases considered their overall relevance for the architectural design of the pipeline. 

The main logic for the longitudinal type of use cases is reflected through the Usual Environment use case – which 

represents the pivotal methodological approach for all use cases. 

In the field of statistics, the term ‘usual environment’ refers to the specific location or setting where individuals 

typically spend the majority of their day or where they have their primary activities and interactions. This use case 

aims to identify the main areas where each single person spends his/her time and performs his/her activities. It 

builds an MNO data-based User Environment, in short M-User Environment. The statistical concept of ‘usual 

environment’ lends itself to the generation of a group of multiple use cases, based on the potential discrimination 

of places, activities, time, people involved and interaction among all these elements. 

For this reason, this use case was proposed as the first one, under the cluster of use cases that also collect the 

‘M-home location’ and ‘Access to services’ ones. In addition, the statistical outputs related to commuting and 

tourism are strictly dependent on the concept of ‘usual environment’. Finally, also the use case on Exposure to 

risks (proposed in the methodological framework) can benefit from the definition of the M-Usual Environment 

indicators and its related concepts, as the M-Home Location indicators. 

It is worth clarifying the potential ambiguity between the ‘usual environment of an individual mobile device’ and 

the ‘set of aggregate indicators derived from the individual data elements’. The first is a data element associated 

with an individual user; namely, an intermediate data element for the indicators that are derived from the 

downstream of the UC (i.e. the M-Usual Environment indicators). For example, one could count people by location 

and derive some M-FUA indicators in this way. However, it is also possible to use the (individual) UE to identify 

individual touristic trips (all trips falling outside the individual UEs) and, from there, derive other indicators related 

to tourism statistics. Therefore, the ‘usual environment’ as intermediate data element is then used to derive 

multiple UCs in different domains including the genuine use case M-Usual Environment indicators. This is the 

reasoning behind presenting the M-Usual Environment indicators use case as first in the list of the use cases 

defined in the methodology, and also implementing it first into the software pipeline, i.e. due to its link with the 

other use cases and its sufficiency to produce indicators specifically designed to describe the statistical concept 

of ‘usual environment’. 

The first test round was crucial for refining and validating the software components for the key Usual Environment 

use case. Interim versions of the different components were tested progressively to achieve stable versions, which 

were further improved in terms of computing and storage performance. During the second round of testing, 

computational performance was enhanced for the daily and monthly Usual Environment components compared 

to the public 0.9 release. These improvements were integrated into the final 1.0 release 

(https://github.com/eurostat/multimno/releases/tag/1.0.0), which was used to complete the test round in all 

participating countries, except Estonia, where testing had already been concluded using version 0.9. All five testing 

MNOs cover a large market share in the respective country (i.e. BE, EE, ES, IT and LU). The set of testing MNOs 

 
4 See for further details Deliverable D2.3 – Final version of Technical Documentation for Scenarios, Requirements, Use Cases 

and Methods, and High-level Architecture under Project Results section at: Multi-MNO project | Eurostat CROS (europa.eu) 

 

https://cros.ec.europa.eu/landing-page/multi-mno-project
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cover countries with different size, varied geographical characteristics (e.g. distribution of urban and rural regions) 

and population behaviours.   

2.2 TESTING SPECIFICATIONS AND SCENARIOS 

The software was tested using a structured scenario-based approach organised around increasing levels of 

complexity and operational realism (i.e. closeness to a future potential production scenario) to gradually validate 

the software's functionality and scalability (see Table 1). The execution of the test scenarios followed a phased 

approach across two rounds. Scenario 0 was mainly completed during the first round, to validate the infrastructure 

setup with synthetic data. Scenarios 1 and 2, involving real-world data processing, were repeated and expanded 

in the second round to cover the full testing scope and all use cases. 

Table 1: General overview of the defined testing scenarios 

Scenario Goal Spatial extent Temporal 

extent 

Sample size 
Comments 

0 

Make sure the 

infrastructure and 

required software 

package are set up 

correctly 

n/a n/a 
Small synthetic 

dataset 

Executed once for each 

operator, mostly during 

testing round 1. 

1 

Verify software 

functionality across the 

different IT 

environments, with a 

smaller subset of real 

data. 

Selected 

region/territori

al unit 

3 days 
A sample of 

devices 

Thoroughly executed 

during testing round 1.  

For testing round 2 only 

to validate new use-cases 

and new data sources. 

2 

Verify end-to-end 

software functionality 

across the different IT 

environments and 

prove scalability to full 

data; produce 

aggregated results 

Full 

country/region 

(varying 

depending on 

MNO) 

Whole period 

according to 

the scope 

All devices (or 

according to 

specific test 

requirements) 

For testing round 1 was 

split into 2 sub-scenarios 

to gradually increase 

processed data volumes 

Scenario 0 was a full pipeline execution with a synthetic data sample. The main goal of Scenario 0 was to verify 

that the prepared MNO infrastructure and software environment were properly set up so that the software could 

work with provided synthetic data. 

The main challenge in Scenario 0 was that MNOs use a wide variety of server infrastructures, software systems and 

cloud platforms (see the details of the different environments in Section 2.4.1 Infrastructure set-up). These 

differences showcased the variety of technological landscape, with each MNO relying on its own unique 

combination of hardware, software, and cloud environments. 

The main objective of Scenario 1 was to execute the pipeline step by step with a real data sample in a specific 

region/administrative territory of the country, swiftly enough to identify potential issues. The goal of Scenario 1 

was to validate that the software could work with prepared real-world data and to assess computational resource 

utilisation to estimate the necessary resources to process the real dataset for the whole country. The success criteria 

for Scenario 1 were that all components of the pipeline are executed successfully and produce valid output results. 
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The main objective of Scenario 2 was to execute the complete pipeline to generate final datasets for the specific 

use cases. Scenario 2 extended the execution across the entire country (or agreed country region), providing a 

broader spatial dataset. The goal was to validate the software ability to handle real-world data at full capacity and 

to assess the utilisation of computational resources, ultimately determining the resources necessary to process the 

complete nationwide dataset. The success criteria for Scenario 2 were that all components of the pipeline are 

executed successfully, meaningful results are generated and final datasets for extraction and further analysis by 

NSIs are obtained. 

Following tables summarize the scope of first and second testing rounds. 

Table 2: Data scope for the first and second testing rounds. 

Testing round & 

MNO 

Spatial 

extent 
Temporal extent 

Sample of devices 

Domestic Inbound Outbound 

T
e
st

in
g

 r
o

u
n

d
 1

 

MNO 1 
Luxembourg 

Country 1 – 30 September 2024 100% 100% 100% 

MNO 2 

Italy 
Lazio 1 - 14 September 2024 10% - - 

MNO 3 

Spain 
Country 1 - 14 September 2024 10% - - 

MNO 4 

Belgium 
Country 1 – 14 September 2024 10% - - 

T
e
st

in
g

 r
o

u
n

d
 2

 

MNO 1 
Luxembourg 

Country 
1 July – 31 December 

2024 
100% 100% 100% 

MNO 2 

Italy 
Lazio 

9 September – 22 

October 2024 
10% 100% 100% 

MNO 3 

Spain 
Country 

9 September – 22 

October 2024 
100% 100% 100% 

MNO 4 

Belgium 
Country 

9 September – 22 

October 2024 
100% 100% 100% 

MNO 5 

Estonia 
Country 16 – 22 September 2024 100% 100% - 

 

Table 3: Use cases scope for the first and second testing rounds. 

 Use case Spatial aggregation unit Temporal extent 

T
e
st

in
g

 r
o

u
n

d
 1

 

Present population 

LAU 

1km INSPIRE Grid 

100m INSPIRE Grid 

Whole data period, 

2:00 am; 02:00 pm 

Usual Environment 

LAU  

1km INSPIRE Grid 

100m INSPIRE Grid 

Whole data period 

T
e
st

in
g

 r
o

u
n

d
 2

 

Present population 

LAU 

1km INSPIRE Grid 

100m INSPIRE Grid 

Whole data period, 

2:00 am; 02:00 pm 

Usual Environment 

LAU 

1km INSPIRE Grid 

100m INSPIRE Grid 

• Luxembourg, Italy, Estonia: whole 

data period 

• Spain, Belgium: 2 periods of 3 

weeks  
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 Use case Spatial aggregation unit Temporal extent 

Home Location 

LAU 

1km INSPIRE Grid 

100m INSPIRE Grid 

• Luxembourg, Italy, Estonia: whole 

data period 

• Spain, Belgium: 2 periods of 3 

weeks 

Internal Migration LAU 

• Luxembourg: comparison of 2 

periods of 3 months 

• Spain, Belgium, Italy: comparison 

of 2 periods of 3 weeks 

Inbound Tourism 
LAU 

1km INSPIRE Grid 

• Luxembourg: monthly statistics 

for 6 months  

• Spain, Belgium, Italy: monthly 

statistics for 2 months based on 3 

weeks of data per month 

Outbound Tourism Country 

• Luxembourg: monthly statistics 

for 6 months   

• Spain, Belgium, Italy: monthly 

statistics for 2 months based on 3 

weeks of data per month 

Despite the data extent differences, overall, the level of testing coverage in all participating countries was 

satisfactory. The primary objective of the testing task was to validate the portability and adaptability of the software 

across diverse IT environments and to demonstrate that the software can scale to national datasets and handle a 

range of use cases. This goal was fully achieved: the software was successfully deployed and executed across all 

MNO infrastructures, confirming its ability to operate reliably in different cloud, hardware, and software 

configurations. 

To optimise the use of computational resources and reduce unnecessary processing costs during early testing 

stages, the sample sizes and spatial/temporal scope were deliberately downscaled for some MNOs. For example, 

smaller subsets of real-world data were used during the first round for MNOs in Italy, Spain, and Belgium, focusing 

on selected regions or shortened periods. This approach enabled early functional validation while avoiding full-

scale computation until later phases. In the second round, mostly full datasets were used as needed to cover the 

full use case scope. 

2.3 TESTING PROCESS 

The overall approach for preparing and running the tests of the software pipeline in the secure MNO environment 

is depicted in Figure 1. The flowchart illustrates the most important steps executed by the project team and each 

MNO or by each MNO and their trusted partners (data analytics companies or specialised departments), 

depending on the access level to the MNOs’ infrastructure. Variations in access control policies, ranging from full 

remote access via VPN to on-site-only execution, required a tailored deployment strategy for each MNO. 

In the flowchart below, the steps in green colour are mainly those that fell under the responsibility of the MNO, 

if not stated differently. Light blue and pink colour represent the interventions of the project team.  
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Figure 1: Testing process 

More in detail, the testing workflow consisted of the following stages: 

1. Preparation stage:  

• Preparation of a questionnaire to collect detailed feedback from the MNOs on their data availability 

and specifications.  

• Test scenarios definition to establish a structured approach organised around increasing levels of 

complexity and operational realism to gradually validate the software's functionality and scalability.  

• Compilation of a ‘comprehensive software requirements and guidelines document’ (Multi-MNO 

Software Requirements and Guidelines for Testing) to translate the project’s methodological and 

development principles into concrete infrastructure and data prerequisites. Design the test structure, 

identifying key data and infrastructure needs. 

• Preparation of a ‘testing report template’ to support the collection of feedback from the MNOs 

during the software deployment and execution. The report template served, as well, as a tool for 

process tracking. This template was specifically designed to capture the testing process step-by-

step, ensuring comprehensive testing documentation and feedback standardisation across all 

MNOs. 
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• Definition of the scope of testing in terms of final use case statistical indicators to be produced, their 

spatial and temporal dimensions (see Section 2.2 Testing specifications and scenarios). Reference 

data preparation for test round 1 (2 use cases) and for test round 2 (4 additional use cases).  

2. Infrastructure setup and software deployment:  

• To support the deployment phase, custom deployment packages were created for each scenario 

and for each MNO. These packages were uploaded to a secure SharePoint environment, providing 

a centralised location for MNOs to access the necessary files and instructions for the testing process. 

3. MNO data preparation:  

• Sample preparation to validate the consistency with data requirements.  

• Test data preparation, after the validation of the sample. For the first testing round focus was on 

domestic data. Second testing round involved additionally inbound and outbound roaming data. 

4. Execution of the software for defined test scenarios:  

• As the software evolved, updated versions of the guidelines and infrastructure documentation, 

reflecting the latest improvements, were shared with the MNOs. Each scenario required a tailored 

version of the software, as different scenarios were executed at varying times, while parallel 

development efforts were undergoing. These iterative releases incorporated new components, 

resolved issues identified in earlier testing stages and ensured compatibility with the scenario-

specific requirements. 

• Iterative adjustments and bug fixes based on execution feedback were integrated. This iterative 

approach was critical for bridging the gap between ongoing software development and the 

staggered execution of testing scenarios. It allowed for parallel, continuous development and 

testing, ensuring that the feedback from the testing was promptly incorporated.  

• The software was packaged for each release according to the needs of the scenarios, with the latest 

stable version being integrated as new features and bug fixes became available. This ensured that 

MNOs received up-to-date and reliable software packages through secure access mechanisms. 

• Before sharing the software packages for each individual scenario with the MNOs, the released 

packages were first tested in a controlled local environment using synthetic datasets. This initial 

testing was critical to ensure that the infrastructure and pipeline were configured correctly and that 

the software components functioned cohesively. It allowed for the early detection of 

misconfigurations, compatibility issues and errors in the deployment process. 

5. Preliminary plausibility checks of intermediate results carried out for all use cases in each of the two 

test rounds. Intermediate results were checked using provided log files for MNOs with restricted access 

or directly querying intermediate datasets for MNOs with access to computational environment. 

6. Validation of the results by MNOs. For exporting the resulted datasets outside of MNO secure 

environment, in line with the project’s requirements and safeguarding private and business sensitive 

information, all final datasets were validated by MNOs technical teams and/or their trusted analytics 

partners to make sure that k-anonymity was applied and datasets are in line with agreed spatial and 

temporal resolution level.  

7. Preliminary plausibility checks of the final statistical aggregates. Final aggregates were checked 

visually and shared with NSIs for further validation. 
8. Drafting of the test reports. This included collection of input from the MNOs throughout the entire 

process for both testing rounds. The feedback collected from each MNO was further integrated into a 

consolidated report (for each test round). 

9. Adjustments of the testing based on the testing results. While the first testing round was underway, 

preparations for the second round began, including the finalisation of additional software components 

for four new use cases and the optimisation of existing modules. This iterative, overlapping structure 

enabled continuous improvement and ensured that both the software and the testing process matured 

in tandem. 
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2.4 TEST PREPARATION 

2.4.1 INFRASTRUCTURE SET-UP 

Each MNO set up the infrastructure according to their own preference or aligned to their current practice but 

following the requirements defined by the project team. The following considerations had to be taken into 

account: 

• Testing MNOs were required to provide a test environment with sufficient computational resources, 

software support and data storage capabilities to facilitate software testing.  

• The environment had to support the execution of Spark jobs using custom Java and Python packages. 

• Since the software was in active development during the whole duration of the project, the test 

environment had to be flexible enough to easily scale up or down computational resources, depending 

on the testing needs based on the scenarios and with cost-effectiveness in mind. 

• The environment had to ensure that all nodes have access to a centralised data storage, where all input 

data is stored. It was crucial that both intermediate and final output data could be written back to this 

central storage. Adequate storage space had to be allocated, anticipating that the required storage 

during testing was expected to be at least 6-10 times larger than the size of the raw input data. This 

substantial increase was primarily due to the preservation of intermediate datasets throughout the 

testing. Intermediate outputs were not immediately discarded, as they were essential for debugging 

and verification of each processing step. 

Each MNO was responsible for preparing the necessary infrastructure and deploying the software within their 

own operational environments, which ranged from cloud platforms to private on premises servers. At three 

MNOs, the testing environment was set up on Google Cloud Platform (including Google Cloud Storage), with 

Spark jobs execution using DataProc service. At one MNO, the testing environment used Amazon Web Services 

and EMR service for Spark jobs. Finally, one other MNO used on premises infrastructure (virtual machines) with 

standalone Spark cluster. The two MNOs using Amazon Web Services and on premises virtual machines, used S3 

for storage. The testing environment had to strictly adhere to data protection policies adopted by the MNOs in 

the framework of current legislation: raw data never left the MNO’s infrastructure, and all executions were 

performed within their secure computation environment. To support testing across diverse environments, the 

detailed technical guidelines prepared by the project team were dynamically updated to reflect environment-

specific needs. 

2.4.2 ACCESS CONTROL 

Effective execution required close alignment between the consortium and MNO partners across multiple 

dimensions. Open communication channels were established to clarify expectations, assess local computing 

environments and coordinate timelines, particularly around known resource constraints. MNOs designated 

contact points for both general and technical matters and provided essential feedback on data availability, privacy 

safeguards (e.g. k-anonymity thresholds) and processing environment specifications.  

Technical adjustments were needed to accommodate differences in data formats, network topology metadata, 

IoT/M2M filtering capabilities, and storage capacities. Furthermore, variations in access control policies - ranging 

from full remote access via VPN to on-site-only execution - required a tailored deployment strategy for each 

MNO. This structured and responsive coordination allowed the testing to be executed smoothly while respecting 

the autonomy and operational boundaries of each MNO, ultimately demonstrating the pipeline's capacity for 

pan-European applicability. 

MNOs were provided with three options to carry out the technical implementation of the testing depending on 

prior agreements and internal capabilities: 
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A. MNOs set up, configured and executed the software pipeline (or individual components thereof) 

themselves, using the guidelines provided by the project testing team, who did not have access to the 

testing environment. Option chosen by one MNO out of the five testing MNOs. 

B. MNOs set up, configured and executed the software pipeline (or individual components thereof) 

themselves allowing online access (e.g. screen-sharing) to the project testing team, who were able to 

instantly monitor and provide support in case of any issues. Option chosen by one MNO out of the 

five testing MNOs. 

C. MNOs provided access to the infrastructure and test data to the project testing team. Option chosen 

by three MNOs out of the five testing MNOs. 

2.4.3 MNO INPUT TEST DATA 

The testing task utilised both network and event data sourced from the five testing MNOs, with data characteristics 

varying by provider and country. Microdata was processed within the secure computing environment of each MNO 

and only aggregate anonymized outputs, subject to the statistical disclosure control procedure imposed by the 

MNO’s data protection policy (e.g. based on k-anonymity thresholds) were exported for analysis purposes. Data 

formatting and preparation were carried out independently by each testing MNO or their trusted partners, 

depending on whether the testing was conducted directly or indirectly. One of the key findings was that, in several 

cases, data preparation did not incur a one-off cost. Instead, the required datasets had already been pre-

processed and stored for internal analytics or regulatory reporting. Still, considerable efforts were needed to align 

varying data schemas to unified format required by the software pipeline.  

The availability of event data across MNOs varied in granularity and type, depending on the established data 

operations and maturity of internal data analytics practices (see Table 4). While signalling data for domestic and 

inbound roaming users were consistently provided across all participating MNOs, outbound signalling was 

available in only one case. Other common event data types, such as Call Detail Records (CDR) and Data Detail 

Records (DDR), were generally not requested for domestic and inbound datasets as signalling data is the most 

ubiquitous and fine-grained form of mobile network event data. Outbound data availability was mostly limited 

to CDR and DDR, as signalling data of outbound partners’ networks are not usually available. Furthermore, in 

some cases, the only option for outbound data were the welcoming SMS events – single CDRs received by devices 

upon registering in a foreign MNO network. Although the limited coverage posed a challenge, it also presented 

a valuable opportunity to test the robustness of the methodology under constrained data conditions. By leveraging 

both domestic and outbound datasets, the processing pipeline was able to generate plausible outbound tourism 

indicators, demonstrating its adaptability and effectiveness even in scenarios with partial data availability. The 

dataset heterogeneity, ultimately, provided a robust testbed to validate the pipeline’s adaptability to real-world 

data constraints.  

Two network data formats were initially considered: (1) cell footprints with differentiated signal strength 

coverage, and (2) cell locations with physical properties. As none of the MNOs could supply signal strength 

coverage maps in a suitable format and required temporal frequency (daily cell coverage plans), both testing 

rounds were conducted using the latter. Future testing iterations could be explicitly scoped to include test runs 

using signal strength maps by introducing additional transformation steps to match MNOs internal formats to 

the one requested by the software pipeline. Network location data - in the form of cell locations with a set of 

properties (e.g. antenna ID, azimuth, cell type) - were available across all MNOs and formed a foundational input 

for spatial processing tasks. Among the mandatory fields for cell footprints modeling attributes, cell id, 

coordinates directionality and direction azimuth were consistently present in all MNOs cell plans. Other required 

properties, such as cell power, maximum effective radius and cell type were available only in two cases. In such 

cases where some of the properties utilised by the cell coverage model component were not available, variations 

were accommodated through a flexible pipeline architecture, i.e. configurability. 
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The gradual approach for the testing, combined with the continuous feedback from MNOs, led to the 

simplification of the requirements for input data. While initial specifications included strict adherence to 

international standards— CGI and eCGI for cell ID representation—it became clear that these imposed 

unnecessary complexity in several MNO environments where cell identifiers were represented in internal formats. 

As a result, the pipeline architecture was made more flexible for accommodating custom cell identifiers. This 

ensured broader compatibility while preserving the relevance of common identifiers for analytical consistency. 

Table 4: Event data used as input for the test, summary by MNO and use case 

Use Case MNO 1 MNO 2 MNO 3 MNO 4 MNO 5 

Present 

Population 
Signalling 

Combination of 

Signalling & 

CDR/DDR data  

Signalling Signalling Signalling 

Usual 

Environment 
Signalling 

Combination of 

Signalling & 

CDR/DDR data  

Combination of 

Signalling & 

CDR/DDR data 

Combination of 

Signalling & 

CDR/DDR data  

Signalling 

Home 

Location 
Signalling 

Combination of 

Signalling & 

CDR/DDR data 

Combination of 

Signalling & 

CDR/DDR data 

Combination of 

Signalling & 

CDR/DDR data 

Signalling 

Internal 

Migration 
Signalling 

Combination of 

Signalling & 

CDR/DDR data 

Signalling Signalling n/a 

Inbound 

Tourism 
Signalling 

Combination of 

Signalling & 

CDR/DDR data 

Combination of 

Signalling & 

CDR/DDR data 

Combination of 

Signalling & 

CDR/DDR data 

Combination of 

Signalling & 

CDR/DDR data 

Outbound 

Tourism 
Signalling Welcoming SMS CDR/DDR data CDR/DDR data n/a 

As input network topology data, cells with physical properties (for the estimation of cell coverage) were used by 

all MNOs. 

For the testing, the input event data were pseudonymised by applying hash function to IMSI attributes. 

Furthermore, the event data were pre-filtered to exclude M2M/IoT and secondary devices by MNOs technical 

teams.   

An advantage of the testing pipeline was its targeted design for processing signalling data. Signalling data has 

additional benefits for mobility and population analysis due to its high frequency and  more complete coverage 

of an individual device location compared to CDRs and DDRs. Unlike CDRs and DDRs, which are only generated 

during active communication, signalling data captures passive interactions between mobile devices and the 

network—such as location updates and cell handovers—providing continuous insight into device presence and 

movement. All participating MNOs provided signalling data for domestic and inbound use cases, with limited 

availability for outbound cases. This homogeneity confirmed that signalling data is a viable foundation for 

standardised statistics production in multi-MNO contexts. 

In addition to the MNO input data, three additional external contextual datasets were required for the pipeline 

execution, considering the final use cases of interest, namely: country borders, geographic zones and public 

holidays. As an element of standardisation, geographical datasets from the Eurostat geoportal 

(https://ec.europa.eu/eurostat/web/gisco) were used (and not country-specific data sources). Country polygons 

were used for reference in INSPIRE grid generation for the territory of the country of interest.  

https://ec.europa.eu/eurostat/web/gisco
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The volume and structure of the test data varied across MNOs, providing a realistic and diverse basis for 

evaluating the pipeline’s scalability and performance under different load conditions. The following table 

summarises the data volumes processed by each MNO during the testing rounds, highlighting differences in 

event density, subscriber counts, and data retention periods. 

2.5 TEST EXECUTION 

The focus of testing was on the six use cases: Present Population, Usual Environment, Home Location, Internal 

Migration, Inbound Tourism and Outbound Tourism. For more convenient and transparent software components’ 

execution, status monitoring and reporting, the overall pipeline execution was split into thematic steps, each 

consisting of multiple components grouped into smaller pipelines. 

Table 5: Pipeline execution steps by use case 

Execution Step Components 

Input data cleaning, QA and 

filtering 
NetworkCleaning → EventCleaning → SemanticCleaning 

Reference grid generation InspireGridGeneration → GeozonesGridMapping 

Cell coverage areas modelling CellFootprintEstimation → CellConnectionProbabilityEstimation 

Present Population PresentPopulationEstimation → OutputIndicators 

Usual Environment/Home 

Location 

DailyPermanenceScore → MidtermPermanenceScore → 

LongtermPermanenceScore → UsualEnvironmentLabeling → 

UsualEnvironmentAggregation → OutputIndicators 

Inbound Tourism 
ContinuousTimeSegments → TourismStaysEstimation → 

TourismStatisticsCalculation → OutputIndicators 

Outbound Tourism 
ContinuousTimeSegments → TourismOutboundStatisticsCalculation → 

OutputIndicators 

Configuration abstraction allowed the same software pipeline to be deployed across different infrastructures by 

simply adjusting the configuration files - without the need to rewrite or recompile the software. This enhanced 

portability, flexibility and user-friendliness, which are all especially important features, considering that the code 

needed to be deployed in varied technical environments and executed by multiple and different teams (i.e. trusted 

partners of MNOs, data analytics departments within the MNOs, etc.). 

Customised deployment packages prepared by the project team were used to streamline the installation and 

execution of the software pipeline within the secure infrastructure of each MNO. These packages included pre-

configured software components, scenario-specific configuration files and step-by-step instructions tailored to 

the technical environment of each MNO. The deployment packages enabled MNOs to execute the pipeline 

autonomously, ensuring consistency with the project's methodological framework. This approach reduced 

significantly the integration effort, supported version control and enabled efficient troubleshooting during both 

testing rounds. 

Quality assurance mechanisms were embedded throughout the pipeline execution, including automated logging 

and the generation of warnings. Logs and warnings were continuously reviewed by the project team during the 
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execution process. These enabled both automated and human-in-the-loop review of data quality and process 

outcomes. 

Table 6 summarises the characteristics of the input datasets used for the final test run (scenario 2) for all MNOs, 

the Spark cluster computational resources used and the execution times for the main pipeline steps. The required 

computation resources were evaluated during the first testing round and adjusted accordingly for the second 

testing round to accommodate the given data volumes. 

As can be seen from the table, the largest computational resources were allocated for the processing of large 

countries’ data. The relatively low resources allocated for rather large data volumes (see last row in Table 6) led 

to performance degradation in some components (see execution times). The differences between the total daily 

devices vs the total daily events by MNO, which do not reflect any proportionality, is due to variations in the 

events’ compression mechanisms employed by the different MNOs. In the context of mobile network data 

processing, event compression refers to the reduction of the number of recorded events per device by selectively 

filtering out those events which do not correspond to a meaningful change in user activity or location. Specifically, 

the goal is to reduce the temporal frequency of events when a device remains connected to the same cell over 

an extended period of time. This reduces the data volume while preserving the information on spatial transitions, 

thus improving the performance of the data processing pipeline without compromising valuable information. 

Among the MNOs involved in the testing phase, compression approaches varied, resulting in differences in the 

number of events recorded for a comparable number of devices. Some MNOs applied basic compression, 

recording only one event per cell until the device transitioned to a different cell. Others provided fully 

disaggregated data, with events recorded at one-minute intervals or at even higher frequencies, regardless of 

whether the device changed cells. No standardised or harmonised compression strategy was recommended or 

implemented in the current pipeline, leading to certain inconsistencies in input data volumes and significantly 

affecting the processing performance. In one instance, 560k daily devices generated 300–400 million daily events, 

indicating the absence of compression and full temporal disaggregation. In another case, 158k daily devices 

produced 52 million daily events, with minute-level resolution and no reduction in events for static periods. 

Based on the insights gained during testing and previous experience, it is recommended to introduce a 

standardised compression method for future deployments, which would: 

1. Preserve all cell change events in order to retain complete information on device movements. 

2. Reduce temporal resolution for stationary periods by retaining only the first and last event within each 

time interval. An interval of 15 minutes should be sufficient for current use cases. 

Such compression may be implemented by MNOs during the data preparation stage to reduce the volume of 

the data ingested into pipeline. Additionally, compression methods should be incorporated into certain software 

components at the initial steps of the pipeline. This would ensure that compression remains possible in cases 

where an MNO partner, due to operational constraints, is unable to implement compression during data 

preparation. 

The execution time in Table 6 shall be analysed only in conjunction with the computational resources and data 

volumes, as these factors vary considerably between the testing MNOs. Looking at the timings, in this context, 

several observations can be made:  

• Significantly longer execution times for event cleaning components of very high events density with 

reduced computation resources. 

• Longer execution times for Continuous Time Segmentation component (i.e. Time Segments) whenever 

there is a high proportion of inbound and outbound devices in the dataset as this component is one 

of the steps in inbound and outbound tourism use case pipelines. 
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• Long execution times for Usual Environment/Home Location monthly steps. Further optimisation is still 

needed for these components. 
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Table 6: Input data characteristics, Spark cluster computational resources, and execution times for the main steps of the pipeline, (data reported for Scenario 2 

by testing MNO) 

Data size by MNO 
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MNO 1 

Total daily devices: 600-700 K 

• Domestic devices: 360 K 

• Inbound devices: 280 K 

• Outbound devices: 200 K 

Total daily events: 90-100 M 

• Domestic events: 52 M 

• Inbound events: 21 M 

• Outbound events: 15 M 

Size of daily events: 6 GB 

Daily cells: 8.5 K 
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4 

min 
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min 
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15 

min 
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min 
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min 

31 

min 

70 

min 
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min 

19 

min 

290 

min 
2 min 

W
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16 80 2 32 160 

MNO 2 

Total daily devices: 158 K 

• Domestic devices: n/a 

• Inbound devices: n/a 

• Outbound devices: n/a 

Total daily events: 52 M 

• Domestic events: n/a 

• Inbound events: n/a 

• Outbound events: n/a 

Size of daily events: 142 MB 

Daily cells: 29 K 
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8 52 10 80 520 

Where: 

DPS = Daily Permanence Score 

MPS = Monthly Permanence Score 

M = million 

K = thousand 

UE = usual environment use case 

n/a = not available 

NA = not applicable 
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Data size by MNO 
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MNO 3 

Total daily devices: 12.78 M 

• Domestic devices: 8.8 M 

• Inbound devices: 3 M 

• Outbound devices: 800 K 

Total daily events: 1507 M 

• Domestic events: 1255 M 

• Inbound events: 191 M 

• Outbound events: 60 M 

Size of daily events: 14 GB 

Daily cells: 262 K 
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Where: 

DPS = Daily Permanence Score 

MPS = Monthly Permanence Score 

M = million 

K = thousand 

UE = usual environment use case 

n/a = not available 

NA = not applicable 
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Data size by MNO 
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MNO 4 

Total daily devices: 6.11 M 

• Domestic devices: 3 M 

• Inbound devices: 2.7 M 

• Outbound devices: 312 K 

Total daily events: 981 M 

• Domestic events: 690 M 

• Inbound events: 270 M 

• Outbound events: 23 M 

Size of daily events: 3.21 GB 

Daily cells: 96.2 K 
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MNO 5 

Total daily devices: 560 K 

• Domestic devices: n/a 

• Inbound devices: n/a 

• Outbound devices: NA 

Total daily events: 300-400 M 

• Domestic events: n/a 

• Inbound events: n/a 

• Outbound events: NA 

Size of daily events: 14 GB 

Daily cells: 17 K 

G
C

P
 

M
a
st

e
r 

4 6 1 4 6 

240 

min 

62 

min 

34 

min 

36 

min 

1 

min 

4 

min 

377 

min 

68 

min 

1 

min 
n/a 

780 

min 
n/a 

W
o

rk
e
r 

8 32 2 16 64 

Where: 

DPS = Daily Permanence Score 

MPS = Monthly Permanence Score 

M = million 

K = thousand 

UE = usual environment use case 

n/a = not available 

NA = not applicable 
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3. RESULTS AND LESSONS LEARNED 

3.1 CONCLUSIONS FROM THE TESTING PROCESS 

The testing was performed for the so-called demonstrator scenario (see for further reference, deliverable D2.3 

Volume I5). This corresponds to the first step of the overall process to re-use MNO data for official statistics. This 

part of the process represents the aggregation of device data within each single MNO, at the finest possible 

geographical level, and takes place exclusively in the secure infrastructure of the MNO. Only aggregated data were 

exported outside the secure infrastructure and only after the application of SDC methods (based on k-anonymity 

thresholds), in order to tackle the residual risk of reidentification and for compliance with the data protection 

policies set by MNOs.  

The results obtained during the testing phase validated the software ability to operate securely and effectively 

under real-world constraints, including differences in data availability and infrastructure setups. A modular 

infrastructure, combined with configuration abstraction and a step-by-step scenario-based approach using 

deployment packages, enabled consistent and reliable test execution across in all cases. This testing setup ensured 

compliance with data protection and business confidentiality requirements while thoroughly assessing the 

pipeline’s operational readiness, cross-platform portability and adaptability to diverse deployment conditions. 

The testing task successfully demonstrated the technical maturity, flexibility and scalability of the developed 

software pipeline across diverse execution environments. The software was deployed and executed in five 

different infrastructures, including AWS, GCP and on-premises virtual machines, confirming its high portability 

and cross-platform compatibility. The modular architecture and configuration abstraction of the software (which 

derives from the high-level methodological architecture and logic of the data processing flow) enabled the 

smooth deployment regardless of the underlying infrastructure and data availability constraints. 

The testing also demonstrated the importance of the elasticity of computational environments to accommodate 

inherent software scalability to be able to easily adjust computational resources and costs, depending on the 

specific use case’ requirements. It is also an important property to have, while it is difficult to give exact estimates 

on the resources needed for execution considering the varying data properties and continuous optimisation of 

the software. 

During the two testing rounds, the software executed all key processing components end-to-end and produced 

final datasets for all six targeted use cases - Present Population, Usual Environment, Home Location, Internal 

Migration, Inbound Tourism and Outbound Tourism. These were delivered in agreed spatial formats: country, 

LAU, 1 km, and/or 100 m INSPIRE grids in line with the project’s methodological requirements. The outputs were 

consistent across different spatial and temporal dimensions, validating the system’s ability to deliver valid data 

outputs under real-world conditions. 

Scalability and resilience were confirmed through the successful processing of hundreds of millions of daily events 

and millions of mobile devices across 5 countries in the EU, varying in size and population density. While 

performance varied based on the infrastructure resources, data volumes and configuration settings, significant 

improvements were achieved through targeted optimisations. Key bottlenecks - such as in the computation of 

Daily Permanence Scores - were identified and addressed through collaborative debugging, targeted 

 
5 Deliverable D2.3 – Final version of Technical Documentation for Scenarios, Requirements, Use Cases and Methods, and High-level 

Architecture under Project Results section at: Multi-MNO project | Eurostat CROS (europa.eu) 

 

https://cros.ec.europa.eu/landing-page/multi-mno-project
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optimisation and specific components redesign (ensuring alignment with the methodological requirements). This 

process led to substantial improvements in execution speed, memory management and system stability. 

Additionally, the testing task revealed several systemic and recurring issues that are summarised hereafter. 

 

\ SETUP AND DEPLOYMENT 

In some cases, misconfigured mount points or restrictive firewall settings, initially, delayed software installation. 

These were mitigated through support from the software development team and the creation of tailored 

deployment packages for each environment. Going forward, the provision of pre-built, cloud-agnostic Docker 

images and automated deployment scripts is recommended to streamline onboarding and reduce variability in 

setup time. 

\ DATA PREPARATION 

One of the main challenges involved heterogeneous data schemas across MNOs, particularly regarding cell 

topology and event data structure. While a baseline ETL process was established, further standardisation and 

schema mapping tools are needed to reduce manual overhead and improve data harmonisation. For example, a 

plug-and-play ingestion layer could allow automatic transformation of local formats into the required schema, 

improving efficiency and consistency across deployments. 

Furthermore, while the initial data specifications included strict adherence to international standards—such as 

CGI and eCGI for cell ID representation—during the data preparation, it became clear that these imposed 

unnecessary complexity in several MNO environments. As a result, the pipeline architecture was made more 

flexible, allowing standardisation to be maintained without enforcing rigid technical formats. This ensured 

broader compatibility while preserving the relevance of common identifiers for analytical consistency. 

\ SOFTWARE EXECUTION 

Resource-intensive processing steps posed challenges in environments with limited memory or CPU availability. 

Through targeted optimisation, execution became more stable and less resource-intensive across testing sites. 

However, future versions should incorporate configurable runtime thresholds to address such constraints 

proactively. The introduction of clearer output logs, integrated plausibility checks, and improved warning systems 

is also necessary to enhance result validation and debugging workflows. 

The continuous collaboration with MNO technical teams was instrumental in achieving these results. Real-time 

feedback loops led to the resolution of software bugs, refinement of configuration parameters and 

implementation of new features. This engagement model highlighted the value of early and ongoing involvement 

from MNOs to ensure smooth adaptation to local environments and to address operational challenges 

proactively. 

Documentation also played a critical role in the success of the testing rounds. While the provided manuals and 

configuration templates were widely appreciated, feedback pointed to the need for improved environment-

specific guidance - particularly for cloud-based setups - and more ‘quick start’ materials tailored to MNO 

infrastructure teams. 

In summary, the testing task confirmed that the software pipeline (release 1.0) is technically sound and 

operationally viable. The findings from the testing also provided indications for further software improvements 

in preparation for future production deployments. These include: 

• More robust and adaptable data ingestion mechanisms. 

• Pre-configured deployment options across cloud and on-premises platforms. 

• Enhanced logging, validation, and quality monitoring tools. 

• Further optimisations for computationally heavy components.  



 

 

28 

 

• Standardised onboarding and documentation materials for MNOs with different technical capacities. 

These lessons learned will be useful in the future evolution of the software pipeline from a validated prototype 

to a production-ready system capable of supporting the re-use of MNO data for official statistical across the 

European Statistical System. 

Beyond the findings related to software deployment and execution, the testing revealed the feasibility of 

implementing the pipeline in very diverse business contexts. Testing was successful in all cases, whether 

conducted by consortium partners – as trusted data analytics partners of MNOs -, by third-party external data 

analytics companies entrusted by other MNOs, or directly by MNOs (or their data analytics departments). Apart 

from the enriched feedback that was received from the multiple testing teams, during this demonstration phase, 

a compelling argument for the future production of official statistics based on MNO data is that regular 

operations, practices and business partnerships within an organisation can be maintained. Testing MNOs 

participated in the testing task through their entrusted partners and/or their data analytics departments, with no 

need/requirement to establish new business partnerships, specifically for this task.  

Furthermore, and also from a more strategic perspective, through their participation, the testing MNOs evidenced 

their willingness to learn from this European initiative for their existing data analytics products or for developing 

new ones and, at the same time, expressed interest in continuing to explore further the developments at EU level. 

3.2 USE CASES RESULTS 

The software execution was successful across all MNO partners in delivering final datasets for all six use cases 

implemented into software in the scope of the current project.  The results span multiple EU countries and cover 

a diverse range of use cases across various spatial levels (including administrative units, 1 km and 100m grids, 

and the country level). Thus, further substantial analytical work is required to fully interpret and validate the 

outputs. The remainder of this chapter presents sample results from selected countries and use cases, in order to 

visually illustrate the types of outputs that may be generated by the pipeline. 
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3.2.1 PRESENT POPULATION 

Present Population was calculated daily for 2 timestamps (i.e. 2 timeslots, e.g. 2 a.m. and 2 p.m.) to get an overview 

of daytime and nighttime population. The spatial distribution of the population follows a logical pattern on all 

spatial levels, with higher values in urban areas and lower ones in rural areas. 
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Figure 2: Present Population in Spain in a 1 km INSPIRE grid, Daytime snapshot 
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Figure 3. Present Population in Tallinn, Estonia in a 100m INSPIRE grid, Daytime snapshot 
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Figure 4: Present Population in Belgium in LAU, Daytime snapshot 



 

 

33 

 

Figure 5: Present Population in Lazio in 1 km grid, Daytime snapshot
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3.2.2 USUAL ENVIRONMENT / HOME LOCATION 

The spatial distribution of the estimated usual environments and home locations follows a logical pattern on all 

spatial levels, with higher values in urban areas and lower ones in rural areas. 

In Luxembourg, Usual Environment and Home Location was calculated in two variants – with and without land 

use-based weights. The difference is the most visible on a 100 m grid resolution: the distribution of Usual 

Environments adjusted with land use weights shows a better alignment with the pattern of settlements. 
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Figure 6: Usual Environment in Estonia on 1 km INSPIRE grid level 
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Figure 7: Usual Environment in Luxembourg on 100 m INSPIRE grid level.
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Figure 8: Usual Environment in Luxembourg on 100 m INSPIRE grid level with land use weights 
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Figure 9: Home Location in Spain on 1 km INSPIRE grid level 
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3.2.3 INTERNAL MIGRATION   

Although the use case demonstrates the potential to capture short-term population movements, the results 

cannot be interpreted as indicative of actual migration patterns. This limitation arises from the fact that it was not 

possible, in the project, to test over sufficiently long data periods — ideally a full year — which are necessary to 

reliably assess migration. Accordingly, the six-week testing period should be considered as a proof of concept to 

validate the viability of the software implementation, rather than a definitive analysis of population dynamics. 

Further investigation of the results and potentially tests on longer data periods seems necessary for the validation 

and further development of this use case. 
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Figure 10: Internal Migration results in Spain 
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3.2.4 INBOUND TOURISM 

The results obtained provide insights into the number of foreign SIM-card owners present in the country, nights 

spent by them in various destinations, and the average number of destinations visited. For Luxembourg, the 

indicators for this use case were calculated considering the results obtained from the UE, so the inbound roamers 

who were present in the country of study long enough to be assigned a usual environment are excluded from 

tourism results. For other countries, due to the shorter temporal period of the data, all inbound roamers are kept 

in the results. Substantial further analysis is required to evaluate results from the perspective of tourism statistics. 

 

Figure 11: Nights spent by Italian roamers in Luxembourg on 1km INSPIRE grid level 
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Figure 12: Arrivals of roamers from United States in Spain on LAU level 
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Figure 13: Arrivals of roamers to Lazio in September (line thickness depends on number of arrivals) 
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3.2.5 OUTBOUND TOURISM   

The results obtained provide insights into the number of nights spent by domestic subscribers in foreign 

countries. Substantial further analysis is required to evaluate the results from the perspective of tourism statistics. 

For Luxembourg, the indicators for this use case were calculated considering the results obtained from the usual 

environment; therefore, the outbound roamers who were present in the foreign countries long enough to be 

assigned a usual environment are excluded from tourism results. The table below shows the estimated number 

of mobile devices with applied estimation and deduplication factors for which a usual environment abroad was 

detected (top 10 countries). Same person can have usual environment in multiple countries. 

Figure 14: Number of Luxembourg mobile subscribers with Usual Environment detected in other countries 

For other countries, due to the shorter temporal period of the data, all inbound roamers are kept in the results. 

Substantial further analysis is required to evaluate results from the perspective of tourism statistics. 
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Figure 15: Outbound roamers from Luxembourg. Line thickness depends on number of nights spent 
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Figure 16: Outbound roamers from Lazio. Line thickness depends on number of nights spent 
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4. RECOMMENDATIONS FOR FURTHER 

DEVELOPMENT 

Building on the outcomes of the software pipeline testing (release 1.0), the next phase of development should 

focus on technical and operational enhancements to ensure the pipeline is deployable to other commonly used 

environments (Microsoft Azure, Oracle Cloud), more computationally efficient and up to date with possible 

methodological extensions. Priority areas for future development include the optimisation of performance-

intensive components and overall software stability to be strengthened through features like automated output 

cleanup, resource auto-scaling, and enhanced logging for easier diagnostics and result traceability. This is 

important to ensure operability in real-world collaboration, where the process will be run autonomously without 

the close involvement of an engineering team with the same level of expertise in the software as the testing task 

team. 

To support broad adoption, deployment tooling should be improved through the provision of pre-configured 

container images and detailed setup guides for major cloud environments (AWS, GCP) and on-premises 

configurations. In addition, the software pipeline should also be tested on other major cloud providers - Azure 

and OCI cloud environments. Throughout the testing, the documentation was enriched with more precise 

hardware specifications and “quick start” instructions. This iterative enhancement process should continue, 

incorporating insights gained from deploying the pipeline in previously untested environments to ensure 

comprehensive guidance for future adopters. 

The diversity of data infrastructures, collection processes, and data formats among MNOs remains a key 

operational challenge for the implementation of the software pipeline. Each MNO must independently develop 

internal systems capable of aggregating and cleaning data from multiple internal sources, filtering out non-

relevant records such as those from IoT and M2M devices, and aligning the outputs to conform with the data 

schema. Addressing this challenge can follow two complementary paths: either MNOs independently align with 

the data specification standards provided by the methodological framework, or future development efforts could 

prioritise the creation of a plug-and-play ETL ingestion layer. Such a layer would automate schema mapping and 

preprocessing, significantly reducing integration effort and enabling broader, more consistent adoption across 

heterogeneous environments. 

It might also be desirable to explicitly recommend to MNOs to perform compression for events data during its 

preparation for the Multi-MNO pipeline. Excessively high event density per device lead to performance 

degradation and higher execution costs without a positive impact on the quality of results. However, compression 

must be performed in a lossless way, so that potential useful information is not lost due to it. An acceptable 

method would be to keep all handover events, but when the device is stationary and connected to single cell the 

first and last event per given time interval shall be kept. The time interval shall be defined on a case-by-case basis, 

depending on the current maturity of methods. Alternatively, data compression should also be incorporated as 

an optional step in events cleaning components in early stages of the pipeline. 

Future development could also include targeted refactoring and optimisation of specific components that have 

demonstrated potential for improved performance and efficiency. The Usual Environment components, for 

instance, could benefit from incorporating variable resolution approach - e.g. adapting grid sizes dynamically 

based on urban versus rural area classification. This would significantly reduce output data volumes and execution 

time without compromising analytical quality. Additionally, the Time Segmentation component remains a 

candidate for performance enhancement. Its current reliance on Python-based User Defined Functions (UDFs) 

introduces execution overhead in distributed environments. Migrating this logic to native Spark transformations 
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and expressions is expected to improve execution speed and better leverage Spark’s parallelism capabilities . For 

more details on potential future software developments refer to deliverable D4.4 – Final code release and 

documentation6.  

Looking ahead, several methodological advancements are expected to shape the evolution and deployment of 

the software pipeline. The current framework may be expanded to support new and/or more complex use cases, 

including longer time analyses allowing for more dynamic and policy-relevant statistical products. This requires 

developing new software components and testing these in real-world scenarios to ensure the pipeline’s 

scalability, robustness, and compatibility with evolving environments. Continuous collaboration with NSIs and 

MNOs, coupled with incremental integration of methodological updates, will be essential to maintain the 

statistical validity and support operational readiness for future deployments across Europe. 

To enhance trust and usability, further development and integration of automated validation tools—such as 

plausibility checks, data quality metrics, and exception logging—will be crucial for ensuring the reliability and 

transparency of outputs across MNOs. 

 

 
6 Available under Project Results section at: Multi-MNO project | Eurostat CROS (europa.eu) 

https://cros.ec.europa.eu/landing-page/multi-mno-project


 

 

49 

 

ANNEX 1 - BASIC TESTING 

REQUIREMENTS 

MNO RAW DATA SCHEMAS AND SCOPE 

MNO EVENT DATA – RAW [INPUT] 

MNO EVENT DATA – RAW [INPUT] 

Description 

'MNO Event Data’ contains geolocation data from MNO subscribers. 

Data shall be created using at least one of the following data sources: (i) CDRs and/or (ii) 

signalling data. Additional information from MNO Apps can be added in order to improve 

the quality of the dataset, but this information is not mandatory. CDRs information shall 

contain all the information coming from voice, messages, internet connections, etc. CDRs 

shall also include roaming-in and roaming-out data. 

Each record of the dataset corresponds to a MND event, containing at least information 

about the identifier of the user, the timestamp of the event and the identifier of the cell to 

which the user is connected. When location information is estimated at point level (e.g. 

through signal triangulation or GPS data) information can be also be provided. 

This dataset shall only contain information about personal mobile devices. IoT, M2M and 

other related devices not associated to people shall not be included in the dataset. 

Owner/Holder MNO 

Mandatory/Optional Mandatory 

Object/Unit/Record Mobile network event associated to a specific subscriber 

Contents 

Mandatory fields: 

• user_id:  

o Type: Binary 

o Requirements: 32 bytes(256 bits) field. 

o Description: Unique pseudonymized identifier of the device, generated by 

hashing the user's IMSI using the SHA-256 function. 

• timestamp: 

o Type: String 

o Requirements: String with date and time in UTC following ISO:8601 format: 

YYYY-MM-DDThh:mm.ss 

o Description: Point in time where the event took place. 

• mcc: 

o Type: Integer 

o Requirement: 3 digits code 

o Description: Mobile Country Code derived from the user's IMSI. 

• mnc: 

o Type: String 

o Requirement: 2 or 3 digits code 

o Description: Mobile Network Code, a code of a home operator. It might 

help to assess the selectivity bias that is in place due to preferential 

roaming agreements between MNOs. This must be string, as it can start 

with 0 digit. Possible options can also be 01 or 001, so it cannot be integer. 

• plmn: 

o Type: Integer 
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MNO EVENT DATA – RAW [INPUT] 

o Requirement: 5 or 6 digits code. Mandatory only for outbound data 

o Description: Network identifier of the foreign roaming partner MNO, 

consists of PLMN=MCC+MNC. 

• cell_id:  

o Type: String 

o Requirements: 14 or 15 character length string. All characters must be 

numbers. Optional if “latitude” and “longitude” are not null. 

o Description: Identifier of the cell following CGI and eCGI standards. 

• latitude: 

o Type: Float 

o Requirements: Latitude value in WGS84 system. Value has to be within 

WGS84 bounds. Optional if “cell_id” is not null. 

o Description: Latitude value of the location of the event. 

• longitude: 

o Type: Float 

o Requirements: Longitude value in WGS84 system. Value has to be within 

WGS84 bounds. Optional if “cell_id” is not null. 

o Description: Longitude value of the location of the event. 

Optional fields: 

• loc_error: 

o Type: Float 

o Requirements: Positive value. If “latitude” and “longitude” are null, this 

field shall be set to null. 

o Description: Location error in meters. 

 

GENERAL REQUIREMENTS 

In order to successfully test the feasibility of application of mobile data for all use-cases it is expected that datasets 

with domestic, inbound roaming and outbound roaming data will be provided. The data source is expected 

to be signalling. 

This dataset shall only contain information about personal mobile devices. IoT, M2M and other related devices 

not associated with people should not be included in the dataset. 

TEMPORAL SCOPE OF DATA 

• The minimum temporal period for event data to be provided is 6 weeks. In order to successfully test the 

feasibility of the application of mobile data for all use-cases it is desirable to have at least 6 months of 

data. 

• Minimum reference period of the data (6 weeks) 

• Maximum desirable period of data (6 months) 

https://arimas.com/2016/10/24/cgi-ecgi/
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FILE FORMAT AND STRUCTURE 

The data has to be provided in the Parquet file format and in daily files, following the standard parquet 

partitioning directory structure:  

/path/to/base_directory/year=YYYY/month=MM/day=DD/daily_file.parquet 
Depending on the size of the data, it is recommended to split daily files into multiple files (~1 GB each) for 

easier processing. 
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CELL LOCATIONS WITH PHYSICAL PROPERTIES [INPUT – OPTION 1] 

CELL LOCATIONS WITH PHYSICAL PROPERTIES 

Description 

Contains information about the location and physical properties of network cells for a 

specific day. 

Data updated along with MNO event data representing the network parameters for all 

active cells for a specific date.  

Owner/Holder MNO 

Mandatory/Optional Mandatory (in case of choosing the option of providing cell with physical properties) 

Object/Unit/Record Characteristic of a specific cell 

Contents 

Mandatory fields: 

• cell_id: 

o Type: String 

o Requirements: 14-digit or 15-digit numeric code following CGI and eCGI 

standards 

o Description: Code uniquely identifying one cell. 

• latitude:  

o Type: Float 

o Requirements: Latitude value in WGS84 system. Value has to be within 

WGS84 bounds. 

o Description: Latitude of cell location (location of the antenna). 

• longitude:  

o Type: Float 

o Requirements: Longitude in WGS84 system. Value has to be within WGS84 

bounds. 

o Description: Longitude of cell location (location of the antenna). 

Optional fields: 

• altitude:  

o Type: Float 

o Requirements: 

o Description: Altitude (meters) of the antenna base from the sea level. 

• antenna_height: 

o Type: Float 

o Requirements: Positive value 

o Description: Height of the antenna in meters from ground 

• directionality: 

o Type: Integer 

o Requirements: value is either 0 or 1 

o Description: 0 for omnidirectional antennas and 1 for directional antenas. 

• azimuth_angle: 

o Type: Float, nullable 

o Requirements: value between 0 and 360 if ‘directionality’ equal to 1, null 

otherwise. 

o Description: angle in degrees of the main propagation direction with 

respect to the North clockwise; for directional cells only. 

• elevation_angle: 

o Type: Float 

o Requirements: value between -90 and 90 

o Description: Antenna placement angle; also known as tilt 

• horizontal_beam_width: 

o Type: Float 

o Requirements: value between 0 and 360 

https://arimas.com/2016/10/24/cgi-ecgi/
https://arimas.com/2016/10/24/cgi-ecgi/
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CELL LOCATIONS WITH PHYSICAL PROPERTIES 

o Description: The angular extent of the cell beam in the horizontal plane 

• vertical_beam_width: 

o Type: Float 

o Requirements: value between 0 and 360 

o Description: The angular extent of the cell beam in the vertical plane 

• power: 

o Type: Float 

o Requirements: Positive value 

o Description: W 

• frequency: 

o Type: Integer 

o Requirements: Positive value 

o Description: MHz 

• technology: 

o Type: String 

o Requirements: One of the accepted values according to technology 

options parameter. E,g,: 5G, LTE, UMTS, GSM. 

o Description: Technology of the cell. 

• valid_date_start: 

o Type: String 

o Requirements: String with date and time following ISO:8601 format: YYYY-

MM-DDThh:mm.ss. Has to be earlier than valid_date_end. 

o Description: Start of time window in which the antenna is operational in 

this location. Period start timestamp is included within the time window. 

• valid_date_end: 

o Type: String, nullable 

o Requirements: String with date and time following ISO:8601 format: YYYY-

MM-DDThh:mm.ss. Has to be later than valid_date_start. It shall be set to 

null if it still operational. 

o Description: End of time window in which the antenna is operational in 

this location. Period end timestamp is excluded from the time window. 

• cell_type: 

o Type: String 

o Requirements: One of the accepted values according to cell_type_options 

parameter. 

o Description: picocell, femtocell, etc. 

GENERAL REQUIREMENTS: 

For Network Topology input data either “Cell location with physical properties” or “Cell Footprint with 

Differentiated Signal Strength Coverage Areas” is needed (see next section). 

TEMPORAL SCOPE OF DATA 

It is expected that daily cell plans data will be provided for the same time period as events data. 

FILE FORMAT AND STRUCTURE 

The data has to be provided in the Parquet file format and in daily files, following the standard parquet 

partitioning directory structure:  

/path/to/base_directory/year=YYYY/month=MM/day=DD/daily_file.parquet  
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EXAMPLE 

cell_id lati

tude 
longi

tude 
alti

tude 
antenna_

height 
directio

nality 
azimuth

_angle 
elevatio

n_angle 
horizontal_b

eam_width 
vertical_b

eam_width 
po

we

r 

frequ

ency 
techn

ology 
valid_dat

e_start 
valid_da

te_end 
cell_

type 

21403041

2038931 
-

3.62

958 

40.51

873 
20.0 42 1 90 4 65 9 3 3500 LTE 2023-07-

20T10:00:

00 

2023-12-

31T23:30

:00 

TBD 

21403548

4123541 
-

3.82

45 

40.89

52 
30.5 12 0 null 5 42 9 7 1800 LTE 2023-07-

20 
null TBD 
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CELL FOOTPRINT WITH DIFFERENTIATED SIGNAL STRENGTH COVERAGE AREAS [INPUT – 

OPTION 2] 

CELL FOOTPRINT WITH DIFFERENTIATED SIGNAL STRENGTH COVERAGE AREAS 

Description 

Contains information about the area of each cell and spatial distribution of signal 

strength represented as geographical polygons. 

Data updated along with MNO event data representing the network parameters for all 

active cells for a specific date. 

Owner/Holder MNO 

Mandatory/optional Mandatory (if available, replaces Cell Locations with Physical Properties) 
Object/Unit/Record (Multi-)polygons of coverage areas of homogenous signal strength per one cell 

Contents 

Mandatory Fields: 

• cell_id: 

o Type: String or 64-bit integer 

o Requirements: 14-digit or 15-digit numeric code following CGI and 

eCGI standards 

o Description: Code uniquely identifying one cell. 

• valid_date_start: 

o Type: String 

o Requirements: String with date and time following ISO:8601 format: 

YYYY-MM-DDThh:mm.ss. Has to be earlier than valid_date_end. 

o Description: Start of time window in which the antenna is operational 

in this location. Period start timestamp is included within the time 

window. 

• valid_date_end: 

o Type: String, nullable 

o Requirements: String with date and time following ISO:8601 format: 

YYYY-MM-DDThh:mm.ss. Has to be later than valid_date_start. It shall 

be set to null if it still operational. 

o Description: End of time window in which the antenna is operational in 

this location. Period end timestamp is excluded from the time window. 

• signal strength: 

o Type: Decimal 

o Requirements: Value within interval (0,1] 

o Description: Normalized signal strength. 

• geometry: 

o Type: Geometry (WKT String) 

o Requirements: Valid (multi)-polygon geometry. TBD 

o Description: Polygonal coverage area of the cell. 

EXAMPLE 

cell_id signal strength geometry 

214030412038931 0.8 [multipolygon] 

214030412038931 0.2 [multipolygon] 

214035484123541 0.5 [multipolygon] 

214035484123541 0.3 [multipolygon] 

214035484123541 0.1 [multipolygon] 

  

https://arimas.com/2016/10/24/cgi-ecgi/
https://arimas.com/2016/10/24/cgi-ecgi/
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TEMPORAL AND GEOGRAPHICAL SCOPE OF DATA  

• To be able to successfully execute the two testing phases it is desirable to have the data for 

[specify period]. As well, one day before and after the specified period is needed for calculation 

purposes. 

• Daily events data and daily updated network topology. 

• It is expected that datasets will include network events of the whole country (incl. inbound 

roamers and outbound roamers). 
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INFRASTRUCTURE REQUIREMENTS 

HARDWARE REQUIREMENTS 

Testing MNOs are required to provide a test environment with sufficient computational resources, software 

support, and data storage capabilities to facilitate software testing. A cloud-based environment with managed 

services is preferred, but an on-premises option can be also considered. 

The environment must support the execution of Spark jobs using custom Java and Python packages. 

Due to the fact that the software is in active development during the whole duration of the project, the test 

environment must be flexible to be able to easily scale computational resources up or down depending on 

testing needs and cost effectiveness. 

The environment should ensure that all nodes have access to a centralised data storage, where all input data 

is stored. It is critical that both intermediate and final output data can be written back to this central storage. 

Adequate storage space must be allocated, anticipating that the output data volume is at least 6-10  times 

larger than the input data. 

SOFTWARE REQUIREMENTS 

OS Libraries 

The following software is crucial for pipeline execution. If due to cloud platform limitations specific versions 

are impossible to provide alternatives should be discussed separately. 

LIBRARY VERSION 

Python >= 3.9 

Java JDK 17.0.9 

Apache Spark 3.5.1 

GDAL 3.6.2 

Spark Libraries (JARs) 

LIBRARY VERSION 

Apache Sedona 1.6.0 

Geotools wrapper 28.2 

JAR files will be provided in the deployment package. 

Python Libraries 

LIBRARY VERSION 

numpy >=1.24,<1.27 

pandas >=2.0,<2.3 

pyarrow >=17.0 

requests 2.31.0 

apache-sedona 1.6.0 

geopandas 0.11.1 

shapely 1.8.4 

pyspark 3.5.1 

py4j >=0.10.9.7 
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Versions of these packages will be evolving during the project. Depending on the environment there are 

multiple ways how these packages can be provided and setup: 

• Preinstalled in the environment using provided requirements.txt file from Python Package Index 

(PyPI). 

• Installed together with application code using application build .whl file from Python Package Index 

(PyPI). 

• Provided as pre-downloaded set of packages in software deployment package.
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QUESTIONNAIRE FOR THE MNOS 

TOPIC QUESTION MNO ANSWER 

General 

administration 

Who will be the main contact point in MNO partner?  

When is the most suitable time for allocating MNO engineering team resources 

to the project within the periods of testing November 2024 – February 2024 

and January-April 2025? 

 

Input data for 

test runs  

Which time period do you have available for covering the necessary Event data 

and Network data? (Minimum September 2024 to October 2024) 
 

Are you able to provide all necessary Event data and Network data following 

the required schemas and formats? 
 

What data can be extracted from MNO premises (regarding k-anonymity)?   

Can you guarantee that anonymized subscriber ID derived from IMSI by 

hashing is constant for the whole provided data time period? 
 

Can you guarantee that Event data will include only personal mobile devices 

without IoT and M2M devices? 
 

If Event data is not cleaned from IoT and M2M devices, can you provide a 

blacklist of such devices with the same anonymized user id as in Event data to 

be able to do the filtering? 

 

What kind of data cleansing is already performed on Event data (nulls removal, 

duplicates removal etc.)? 
 

What kind of network topology data among required can you provide - cell 

locations with physical properties of antennas or cells signal strength 

differentiated areas? 
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TOPIC QUESTION MNO ANSWER 

What are expected daily volumes of event and network topology data?  

How many IMSIs/unique users per day?  

What is the average number of daily active cells?  

What is the volume of the events per day?  

What is your current data storing frequency?  

How long are you willing and able to store the data for this project?  What is 

your storing capacity? 
 

Is there a possibility to share some additional metadata provided concerning 

the accuracy of the location/cell, such as a probability value? 
 

Is there a possibility to share some additional metadata provided concerning 

the network events? 
 

Processing 

environment 

What type of testing environment can you provide - private cloud (AWS, GCP, 

Azure) environment or on-premises environment? 
 

Whose responsibility will be to install and setup all necessary software to 

conduct tests? 
 

Access control 

Test run is to be done in secure test environment, only resulting aggregated 

data sets should be exported along with some QA logs. What would be 

possible options for testing team access to environment and test data: 

1. On-line with secure access with possibility to access remotely (VPN, 

SSH). 

2. On-site only. 

3. Not possible. 
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ANNEX 2 – MNO REPORT TEMPLATE 

TEST ENVIRONMENT PREPARATION 

Description of the process of setting up the hardware and software 

 

Please describe from your perspective the process of setting up the computational environment, installing required 

dependencies and storage organization. This information will be used to compile general report on different 

environments setup. Particular details will stay confidential. 

 

Please fill in the following table before starting, so the developers would have the information if components need 

to be rebuilt. 

 

Spark cluster 

provider 

Spark 

version 

Java 

Version 

Python 

Version 

Python installed 

libraries by 

default 

Storage 

solution 

Internet 

connection 

Comments 

Example: 

• K8s cluster 

• Standalone 

cluster 

• emr-7.2.0 

    Example: 

• MinIO 

• S3 

• Local FS 

Yes/no  

 

DIFFICULTIES AND DISCREPANCIES ENCOUNTERED 

Please describe any challenges faced during preparations of hardware and software requirements. 

 

 

SOLUTIONS APPLIED 

Please describe steps and actions taken to mitigate such challenges. 

 

 

SUGGESTIONS 

Please provide suggestions on how to make hardware and software preparations easier for the future. 
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MULTIMNO SOFTWARE DEPLOYMENT 

Description of the process of setting up the software pipeline. 
Please describe from your perspective the process of deployment of the software pipeline to the computational 

environment. This information will be used to compile general report on different environments setup. Particular 

details will stay confidential. 

 

 

DIFFICULTIES AND DISCREPANCIES ENCOUNTERED 

 

 

SOLUTIONS APPLIED 

 

 

SUGGESTIONS 
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MULTIMNO SOFTWARE EXECUTION FOR TEST SCENARIOS 

SCENARIO 

 

\ GENERAL INFO 

Master node 

• Cores: 

• RAM: 

 

Worker nodes 

• Number of nodes: 

• Cores: 

• RAM: 

 

Study dates: [to be specified 

 

Software release: [to be specified] 

 

\ EXECUTION REPORT 

Please provide any comments on issues during execution. 

Please provide application log files. 

 

 


