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today
• Motivation: Why study roaming?
• Background: Roaming in the cellular ecosystem
• The bigger picture: Roaming of Things
• Methodology: How can we measure the 

implications of roaming?
• Results: Performance, content implications and 

quality of experience
• Reproducibility
• What’s next?
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Roaming in the Cellular Ecosystem
• Cellular networks have the built-

in feature of supporting user 
mobility across operators 
(national or international 
roaming)
• International Roaming is driven 

by new regulation (Roam like at 
Home in the EU), the increased 
mobility of users and new 
technologies (e.g., VoLTE) and 
other industry trends (IoT, M2M)
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Why Study International Roaming? 
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The business of roaming

• Each operator has a contract with an IPX provider (for the roaming hub function)
• Roaming partners no longer need to have bilateral contracts with each other

• Operators pay a service charge to the roaming hub
• Inter-operator tariff (IOT) between the Home Operator (HMNO) and Visited Operator (VMNO)

IPX
Provider

VMNOIPX
Provider

HMNO Roaming hub Roaming hub

Service ChargeService Charge

Inter-operator tariff
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View from an Operational Mobile Network
• UK MNO with large population of devices (~30mil) 
• How many are roaming?
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Inbound Roamers: Things or People?

• Using the GSMA TAC database and the APN used, we classify the 
devices we identify as inbound roamers
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Majority of IoT 
devices are inbound 
roamers!

Out of all inbound 
roamers, only 27% 
are people! 



Where are these devices roaming from?
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Why are so many things roaming?

• International Carriers (e.g., Telefónica, Orange, Syniverse, Tata 
Communications) leverage their extensive infrastructure and deploy 
M2M/IoT platforms to support IoT verticals (smart meters, connected 
cars, health etc.)
• Roaming is a major component guaranteeing the success of M2M/IoT 

platforms
• SIM for Things 
• Single home MNO supports connected things globally 
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The roaming interconnection ecosystem
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Operations of an M2M/IoT platform

• A view from one of the largest M2M platforms in the world enabling 4G/LTE 
devices world-wide
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Roaming People vs. Roaming Things 

• Things are active for longer times, consume little data but generate a 
lot of signaling traffic and occupy resources meant for people
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On average, IoT devices are 
active for a period 4 times 
longer than smartphones 

IoT devices generate little to no 
traffic thus the VMNO does not 
profit from billing data 
communications 

IoT devices generate 
significant signaling traffic



Roaming People vs. Roaming Things

• IoT devices are not moving as much and they depend mostly on 2G 
connectivity
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! Joint effort between UC3M, SRL, KAU, 

POLITO, TUM, UoA, TEF to run 
synchronized measurements in 6 
countries (ES, NO, SE, IT, DE, UK) 

! 6 countries, 16 operators, each country 
has two MONROE nodes

! Norway: Telia, Telenor
! Sweden: Telenor, Tre, Telia
! Spain: Orange, Vodafone, Movistar
! Germany: Vodafone, O2, T-Mobile
! UK: EE, O2
! Italy: Vodafone, TIM, WIND
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Experimental Setup:
MONROE-Roaming
• 6 countries, 16 operators, each 

country has one MONROE node
• One measurement server per 

country
• Measure one operator at a time 

(all nodes have the SAME SIM in 
the same time)

• Also, measure the visited 
network natively, where 
possible
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• Roaming setup and performance
• Metadata for tracking the roaming partner
• traceroute to discover roaming setup 
• Dig queries against third party service providers (e.g., ad providers)
• Monroe-browsertime for web browsing quality of experience 

• Performance of Cloud Service Providers
• VoIP and Content Discrimination 
• ooniprobe web connectivity test
• Traffic differentiation measurements using three applications (FaceTime, 

Facebook Messenger, Whatsapp) to determine potential traffic differentiation 
in roaming
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Roaming Setup

! Context metadata (RAT, signal strength, visited MNO etc.) 
from each SIM card

! Traceroute: path towards each of the measurement servers 
in each country to discover roaming setup

! !"#$%&: all 16 MNOs we measure use Home Routed Roaming 
configuration
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Roaming Setup and Performance: 
Home routed roaming is the usual configuration
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Delay penalty to go 
back to home 

country 

35

Roaming Setup and Performance: 
Delay implications
UK User roaming in Germany



Roaming Setup and Performance: 
DNS implications
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Web Browsing QoE

! 100 target webpages, 10 visits per 
page

! 8 MNOs from SE, ES, DE, NO in roaming, 
same parallel configuration as above

! MONROE-Browsertime using Chrome, 
mobile device, H1s – H2

! Collect radio context 
! QoE metrics: Page Load Time (PLT), 

Speed Index (SI), First Paint (FP)

! [!!!"# ]
M. Rajiullah, A. Lutu, A. Safari Khatouni, M. Fida, M. Mellia, 
A. Brunstrom, O. Alay, S. Alfredsson and V. Mancuso (2019). 
!"#$%&'"()"*+"$)*$,'"(-.)/*-0$1/#)0"$2".3/(456$7"55/*5$
8(/9$:3/$1)00)/*$;-<"$=)5).5. The Web Conference 2019 
(WWW’19), 13-17 May 2019, San Francisco, CA, USA
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! Roaming setup and performance
! Radio metadata for tracking the roaming partner
! Traceroute to discover roaming setup 
! dig: DNS against third party service providers (ad providers)
! Monroe-browsertime for web browsing quality of experience 

! Performance of Cloud Service Providers (CSPs)
! VoIP and Content Discrimination 

! ooniprobe web connectivity test
! Traffic differentiation measurements using three applications (FaceTime, 

Facebook Messenger, Whatsapp) to determine potential traffic differentiation 
in roaming
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TCP Performance towards CSPs (Telia SE)
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