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Signaling Storm in Mobile Networks, January 2012

Last week, NTT Docomo Inc. suffered 
a major network outage in Tokyo that 
left 2.5 million subscribers unable to 

make voice or data calls for about 
four and a half hours.
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Smartphone Gaming …
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 Increasing heterogeneity on application layer
 Increasingly diversity in mobile applications with specific network access patterns
3G network congestion due to high amount of application-generated signaling traffic

Application Diversity in Mobile Networks

Internet
MME

LTE bearer

eNodeB

Serving
GW

PDN
GW



University of   Würzburg
Institute of  Computer Science Phuoc Tran-Gia

0 20 40 60 80 100 120
idle

active

R
R

C
 s

ta
te

Inferring Network Signaling Load

0 20 40 60 80 100 120
0

500
1000
1500

pa
ck

et
 (b

yt
e)

 

 

up down

T0 = 10s

Signaling trigger

T0T0

0 20 40 60 80 100 120
idle

active

R
R

C
 s

ta
teT0 = 3s

Signaling load



University of   Würzburg
Institute of  Computer Science Phuoc Tran-Gia

State transition

Bearer timeout T0

Load arrival process

News Reader: Inline Ad Placement

Periodic 
synchronization of 
article abstracts, 

e.g. per hour

Frequent update 
of displayed ads

User-driven 
download of full 

articles

Abstract
sync

Ad

article
download

T0 T0 T0 T0 T0

Signaling traffic due to 
advertisements
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Network-aware 
application design
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Network- aware vs. 
network-unaware application

design 
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Network-unaware application design
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QoS assessment period QoS assessment

low QoS : 
increase

packet/bit rate

still low QoS: introduce other 
counter measures (e.g., 

Codec change,  app. layer 
re-route)
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Network & Application: a never-ending tussle

 A never-ending tussle: Applications & Networks
 Research: network-oriented or application-oriented
 Can we design advanced applications without knowing the underlying network?
 Can we design future networks without caring about possible applications?

 Application-aware Network Design
 Network design should be adaptive towards application
 Inter-application control and network design necessary
 Composing a network for a QoE-aware application

 Network-aware Application Design 
 Application design has to take network features into account
 Performance problems with network-agnostic applications
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Network & Application: 
a never-ending tussle
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Network
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YouToube Video Online Office Software DistributionVoice over IP

Network-aware application design

Application‐aware 
network control

Network‐aware 
application design
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Application and Network

Application ApplicationApplication

Network
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Example: Improving YouTube Download Quality

 Utilizing application information

current
playtime

t

YouTube playtime buffer

pre-
buffered
playtime

β
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Network
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YouToube Video Software Distribution

Example: Improving YouTube Download Quality

Network‐aware 
application design
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Application-aware Traffic Management
 Application unaware

 Fair share with respect to QoS (throughput)
 Bulk data download performance: good
 YouTube quality: bad       

bulk data YouTube

throughput
desired 
progress

Influence on 
YouTube
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Application-aware Traffic Management
 Application aware: Observing YouTube playtime buffer

 YouTube is prioritized in case of low YouTube buffer
 e.g. buffered playtime β < 10 s

 YouTube is playing fine
 while download performance only marginally influenced
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avoided !
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… emerging protocol 
architecture …
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Emerging protocol architecture
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Applications & Networks

Network
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Danke !


