M UNIVERSITAT

N DU ISBU R G
S Open-Minded

Scalability of Future Mobile Networks

Through Network Independent Application Layer Mobility and Context
Monitoring

Florian Metzger ®2015/12/10

Modeling of Adaptive Systems https://www.mas.wiwi.uni-due.de/en




:I Motivation

UNIVERSITAT

DEUS I, SSEBNU RG

Open-Minded

S QoS and QoE of TCP Streaming in Mobile Networks?

15000-
=
E
5
E
B

10000~ traffic type
by e
3 b, data, and voip
5 Wifilesharing
g ‘audio streaming
<
2
£ som-

. I h l

2014 2015 2016 2017 2018 2019

year
source: Cisco VNI 2014

You([T)

NETFLIX

Modeling of Adaptive Systems 2015/12/10

2/13



M . .
A Motivation
S QoS and QoE of TCP Streaming in Mobile Networks?

UNIVERSI

T
I]EUs I, SSEBNU RG

Open-Minded

15000~
g
g
5
£
810000- traffic type
o Ivldeu
2 .Web‘ data, and voip

filesharing

3
g audio streaming Mobile
< Devices
L2
5 s000-

2014 2015 2016 2017 2018 2019

year
source: Cisco VNI 2014

You([T)

NETFLIX

Modeling of Adaptive Systems 2015/12/10

2/13



wx>=

Motivation
QoS and QoE of TCP Streaming in Mobile Networks?

UNIVERSITAT

DEUS I, SSEBNU RG

Open-Minded

15000-

10000-

traffic (exabytes per month)

hhln

source CISCO VNI 2014

You([T)

NETFLIX

v.arfc e

web - cata, and vop

Wfilesharing

‘audio streaming Mobile :
l Devices H

Modeling of Adaptive Systems 2015/12/10

2/13



UNIVERSITAT

M .

s Interaction of Complex Systems P! R 8

S Mobile Nets vs TCP Streaming Open-Minded
m Control plane is communicated explicitly by m Fixed protocol stack (TCP+HTTP)

the network entities and baseband

m All user traffic is encapsulated into tunnels

B Mobility support, signaling and anchors L
in the net
m Otbher, off-path entities hold and communicate L

more state (e.g. MME, HSS, PCRF)

distinguished only through buffering and
quality level adaptation strategies

TCP and TCP-streaming not designed
with mobility in mind

Impact of mobile nets and signaling

on QoS and QoE?
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Interaction Scenario #1
Segment Retrieval and High Latency
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video stall duration (s)

number of video stalls

additional latency (ms)

m HQvideo did not complete in time at higher latencies
m Demonstrates the effects of a bad streaming strategy:

m New segments were only requested
when the previous one had arrived
— Stop-and-wait behavior, overly sensitive to latency
m In this case a simple change helps:
Request new segments ahead of time

to ensure back-to-back transmission

m High latency (and variation) is a common feature

of mobile nets!

— Need for testing to find other unexpected interactions!
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m Stalls at higher bandwidths

video stall duration (s)

m Suspiciously appears above the

; Y (s RO Mbi
\ radio capacity (~ 80 Mbt)

m Possible explanations:

bandwidth (Mb/s)

m Excessive buffering in the net

m Negative interaction of TCP and HARQ

m Packet buffers fill, nothing will be dropped,
TCP won’t back down

*low qualit
< standard duatiy
High qualty

— Bufferbloat

number of video stalls

m Further investigation needed

bandwidth (Mbls)
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m Extend the handover blackout to other events of variable lengths, e.g.:

m Horizontal and vertical handovers
m Areas with low radio coverage and insufficient throughput
m (Car) traffic tunnels

m Subway, metro traffic and tunnels, etc.
m Does network-assisted mobility help or hinder in such scenarios for streaming?

m Could application-layer mobility in conjunction with context-monitoring
even provide similar or better results?
®m Mobility as context factor
m Requires good predictors, e.g. by deriving information from past patterns
m Provide an interface with every available context information to applications
so that they can conduct appropriate QoE optimizations themselves

m Passing information up the protocol stack, no network assistance
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m Use context and context predictors in adaptive

streaming strategies

m Compute optimal context-based buffering and

quality level selection strategy to ensure best
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m “Tunnel” scenario easily transferable from TCP video streaming to other applications
m Is mobility support really necessary for many applications today?

m Web/HTTP traffic consists of many small objects, could easily completely forgo
network-assisted mobility and just reorder/schedule around
m VolIP and other real-time communication:

More tricky, but, e.g. adapt existing over-the-top mobility solutions (SIP proxy)
— Streamlining for future mobile architectures

m Remove global mobility support

m Provide a trimmed down architecture with only the essentials

m Increase scalability/performance by removing most control plane procedures,
just provide a bare-minimum bit-pipe access

m Solve remaining issues and provide missing features over-the-top
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Access Provider Nets
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B Much potential for (negative) interactions and feedback loops
between mobile signaling and (amongst others) streaming
m E.g. stalling events during handover

m Requires good understanding and deep investigation

Applications could orchestrate their own mobility using context monitoring

Mobility scenarios and mobility prediction merit further investigation

m Goal: Reduce network complexity, increase scalability by moving exiting network features and

relinquish control to the application layer
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