Improving the Periermance o Quality=Adapive Streaming
over Multiple Heterogeneous Access Networks

Adaptive HTTP-
streaming server



Using mulwple links sinmultdneeusly Intrecuces Several

challenges
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We have focused on bandwidth and latency heterogeneity, as well as emulated

dynamics and real world links.



Single wireless links are oiten unable te SUupPPert Streaming
or high=cuality viceo-.
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Static subsegment approach, on-demand streaming and buffersize/startup
delay of two segments
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Bandwidth ratio. X:Y means that one link was allocated X% of the
bandwidth, while the other Y%.

Unless the buffer is large enough to compensate for the bandwidth heterogeneity,

the fixed size subsegment approach will never reach maximum performance.




In many scenarios (for example Ve streaming), increasing
the buiier/startup delay is net cesirable.




We wantee to evaluate the perormance oF OUr REW
gPProach for dierent tYees or Streamings
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On-demand Live straming
streaming with buffering without buffering



First step in recucing the eiect o bancdwicth heterogeneitys
Impreving the quality acapion mechanism

How long will it take to receive a segment in the specified quality:

transfer_time[quality level] = segment _size[quality level] / aggregated throughput

How much content is buffered (in time):

duration_buffered_data = time_left_playout + (buffered_segments * duration)

How long will it take to receive the data that is already requested:

pipeline_delay = requested_data / aggregated_throughput



FIFSt Step ih FecUcing the @IEEE O vaheWIicith hEterogen@itys

mpProving the cuality acapuen mMeEchanisSnn

Quality adaption loop:
for quality level = “super” to “low” do

if transfer_time[quality level] < (duration_buffered_data — pipeline_delay)
return quality_level

The new quality adaption mechanism considers all relevant delays and selects the

most suited quality at the time of the request.



StEo MUMLEr tWO [S 1O Feplacing the Stauc SUSeghrEn

APPlCREHE

_________________________________

Downloaded data
Subsegments (200KB) [ ] Notdownloaded

Vo |

Iy L
time [s]
F-======- >
0 Segment s, 2 2+A Segment s, 4+A
(currently played back) (currently downloading)

Dynamically dividing subsegments based on measured throughput reduces the share

of data allocated to the slow link (the ratio between I, an I, is 3:2)




FOF CESHNE PUIPOSES, 100 tWo Secone Vicee Seghments Were

Usee, They nave the rollowWing CneraCteriStes:

Qualiylevel | low | Medum | High | Swer

Minimum bitrate
per segment 524 866 1491 2212
(Kbit/s)

Average bitrate
per segment 746 1300 2142 3010
(Kbit/s)

Maximum bitrate
per segment 1057 1923 3293 4884
(Kbit/s)

In all our controlled network environment tests, the combined bandwidth was 3

Mbit/s (i.e., the average requirement for super quality)
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BV @IVICInE e SUuvsegments cynamically, vaneWwWietn

NELErOgENEItY Sheoulec het haVe an EiEct:

Static subsegments Dynamic subsegment
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Considering link capacity enables allocating more accurate shares of data, and the

video quality distribution is independent of heterogeneity.




Increased latency Cause recuEsts anel FeEtransSmissions o
arrive later, potentially aneciing the periermance

Quality distribution (in %)
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RTT of each link (in ms). :0 means that a single link was used



PRrrerming @XPEriMmEnts Witk real-worlc gives an Impressien

O NEW e seluwen Will actuaily perierm.

Requested quality vs. maximum achievable quality for live streaming without buffering
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Segment number

WLAN (avg. throughput 287 KB/s) + HSDPA (avg. throughput 167 KB/s)

Quality level Low Medium High Super
Single link 0% 27% 68% 5%
Multilink 1% 10% 35% 55%

A significant quality increase was seen for all streaming types when the second link

was added.




FOr Ve streaming, ceacling mISSes are e@specially inpertant

(Wihe Knews wWinat Vou coule misse)).
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Deadline misses with real world networks

Using multiple links caused deadline misses, however, they were rarely severe. Also,

for our tests, the number of skipped segments was acceptable.



In surmmary, the dynamic subsegment approach Utilizes the
links more ermcientlys

Increased video
quality for all
three types of
streaming

Quality is now
independent of

bandwidth
heterogeneity




