4 : ; Zyohn Benkoy EmoTmudy
EBviko Kal KanoSiloTplako A
MANEMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

Quality of Experience

National and Kapodistrian University of Athens
dept. of Informatics & Telecommunications

Dimitris Tsolkas, PhD
dtsolkas@di.uoa.gr
March 2015

Npoypappa Metantuxtakwv Znovdwv - Mponypéva Opata AcUppatwy Kat Kivntwv Atktuowv



Zxohn Benkidv Emotnuady
¥ EOvikG kat KanoSioTplako & b me’“
MANEMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

Table of Contents

 Understanding QoS in LTE-A networks

 QoE definition and challenges

QoS - QoE relation

* QoE estimation for VoIP

 QoE estimation for video

 QoE based network management — examples

Npoypappa Metantuxtakwv Znovdwv - Mponypéva Opata AcUppatwy Kat Kivntwv Atktuowv



: i ; Zxohn Benkidv Emotnuady
EBviko Kal KanoSiloTplako A
MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

Quality of Service (QoS)
» What is QoS?

» Measures the “quality” of a provided service from the
network’s perspective

» QoS depends on network parameters, such as:

» Throughput: The rate of packets which go through the network.
Maximum rate is expected.

» Delay: The time how long for a bit data to travel across the network
from one end to another end. Minimum delay is expected.

» Packet loss Rate: The rate at which the packet are lost. It should be as
lower as possible.

» Packet Error Rate: The errors in the packet due to corrupted bits. It
should be lower as much as possible.

» Jitter: is expressed as an average of the deviation from the network
mean latency
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Quality of Service (QoS)

» QoS classes
» Different services - different QoS parameters
» Resources are not infinite! Thus, guaranteeing different QoS levels is a
fundamental procedure in any system.
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QoS in LTE/LTE-A
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QoS in LTE/LTE-A

» Two important types of data stream are defined in the EPS

» Channels, which carry information between different levels
of the air interface protocol stack.

» Bearers, which carry information from one part of the
system to another, with a particular quality of service.

» The most important bearers are EPS bearers, which carries
data between the UE and the PDN gateway (P-GW).

» When the network sets up a data stream, the data are carried by
an EPS bearer; and are associated with a particular quality of
service.
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QoS in LTE/LTE-A

» Channels
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QoS in LTE/LTE-A
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QoS in LTE/LTE-A
» EPS-bearer
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QoS in LTE/LTE-A

» Each EPS bearer is associated with the following QoS
parameters:

» QoS class identifier (QCI): This is a number which
describes the error rate and delay that are associated
with the service.

» Allocation and retention priority (ARP): This
determines whether a bearer can be dropped if the
network gets congested, or whether it can cause other
bearers to be dropped. Emergency calls might be
associated with a high ARP, for example.
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QoS in LTE/LTE-A

» There are a few different types of EPS bearer. One
classification refers to quality of service:

» A- GBR bearer has a guaranteed bit rate (GBR)
amongst its quality-of-service parameters. A GBR
bearer would be suitable for a conversational service,
such as a voice call.

» A non-GBR bearer does not have a guaranteed bit rate.
A non-GBR bearer would be suitable for a background
service, such as Email.
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QoS in LTE/LTE-A

Resource Packet dela Packet error loss
Qcl Priority ¥ Example services
type budget rate
3
1 2 100 ms i Conversational voice
104 ! ’ g g
2 - 4 150 ms Conversational video (live streaming)
% 107 5 :
3 3 30 ms Real time gaming
-5
4 i 300 ms = Mon-conversational video (buffered streaming)
1073 . i
5 1 100 ms IMS signaling
Video (buffered streaming),
) G 300 ms 1078 TCP-based (e.g., www, e-mail, chat, ftp, p2p file
o
o sharing, progressive video, etc.)
4 c - 100 ms 1078 Voice, Video (live 5trt=-?am|r"|g}, Interactive
= gaming
-3
a 8 2 Video (buffered streaming)
300ms z TCP-based (e.g., www, e-mail, chat, ftp, p2p file
107 : : 2
9 9 sharing, progressive video, etc.)

*IP Multimedia Subsystem (IMS)
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QoS in LTE/LTE-A

» QoS main entity: PCRF
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QoS in LTE/LTE-A

To summarize...

» Guaranteeing different QoS levels is a fundamental procedure
in any system.

» QoS in LTE/LTE-A system

» LTE/LTE-A network use bearers to carry information from one
part of the system to the other

» Data are carried by EPS — bearers
» There are different EPS — bearers for different QoS
» A QoS-based classification is: GBR and non-GBR EPS — bearers

is QoS enough!?
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QoE definition and challenges
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QoE - Definition
» What is QoFE?

» Several attempts in the literature

» The definition in ITU-T Rec. P10 (formerly G.100): “the overall
acceptability of an application or service, as perceived subjectively
by the end-user”

» More or less refers to the perceptual quality of a provided service
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QoE - importance
» Why the study of the QoE is important?

» The QoE encompasses the issue of the user’s decision on
retaining a service (and keep paying for it) or giving it up

» It is more efficient to focus on guaranteeing QoE than
promising high QoS

» Obviously, high QoS results in high QoE, however the

quantification  of this relation may be useful from the

perspective of saving network resources or providing QoE-
centric services (and charges)

» QoE is the most reliable way to evaluate real time services
such as VolP and video which are currently used by more
and more people
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QoE - challenges

Can we measure QokFE?
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QoE - Dependencies

» Application specific features

© Video Call ®0O O
Max Carey Chat  show messages from Yesterday v

f | Jason Green Aug 17, 2012 525
‘ How was your trip to Spain?

:'_ Max Carey Aug 17, 2012 527
‘ - "= 1spent whole my time in the city of Barcelona which is the

|
i e most popular city of Spain.

Before | went to Barcelona | was saooo worried which the city
: . \ B MaxCarey Aug 17,2013 83
F ‘ “= There are lots of art rmuseums. | had the opportunity (o see
3
t

o

-

P

s r A Jason Green Aug 17, 2012 5:28
B Oh Nice. What did you da?

is safe or nat. As soon as | got there.my fears were instantly
! ‘ - soime of the artwork done by Salvador Dali and Pablo Picasso.
s . %
r |

dispelled
[
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QoE - Dependencies

» Terminal type
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QoE - Dependencies

» Content
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QoE - Dependencies
» Pricing policy

Quality _
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Number of Selections
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Quality Classes

A. Sackl, P. Zwickl, and P. Reichl. “The trouble with choice: An empirical
study to investigate the influence of charging strategies and content
selection on QoE". . In: Network and Service Management (CNSM), 9th
International Conference on. Oct. 2013
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QoE - Dependencies

» Sociological factors
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QoE - Dependencies

» Environmental parameters

g ¥
iy, -
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QoE - Dependencies

» Psychological factors
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QoE - Dependencies

» User's profile
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QoE - Dependencies

» User‘s experience
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QoE - challenges

Can we measure QokFE?

Highly subjective metric - there is a long list of dependences

we cannot measure it, but we can, to some degree,
estimate it
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QoE - estimation

» QOoE estimation
» Can be based on subjective or objective methods.

» How to assure the reliability of subjective methods and how

to map objective parameters to QoFE!
QoE Assessment Methods

‘ Subjective ‘ Objective ‘
CLaboratory > (Crowdsourcing)

—

— : —_— T P

(Full—reference ) (Reduced-referenc@ ( Non-reference )
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Subjective QoE Estimation

a Skype™ - Call quality feedback = | —

@ How would you rate the overall quality of this video call?

S u bj e Ct i Ve Your feedback will help us make Skype better,
Methods: Zeaaa  Bxcellent
o/ Perfect, dear, no problems
. . Good
e sy’ Minor problems, hardly noticed them

MQOS ITU P.800

blems that affected the call

M OS Qu a I Ity ’ I'\""i"'/" Had :everal problems; really affected the call
uTorrent Verv bad
. el
Exce I I e nt "\;/‘ Pro'I:.:Tems so bad the call was impossible

Good

Poor J

5
4
3 Fair Help your fell
5 i
1

[ ok ][ Cancel ] |

Bad r [¥] Show this dialog again.
U
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Subjective QoE Estimation

Several standardized recommendations, among which
= |TU-T P.800: fr telephony (and VolIP) applications

= |TU-R BT.500-13: for TV (and by extension video)
applications

= |TU-T P.911: for audiovisual applications (P.910for the
video modality)

= |TU-T P.920: interactive methods for audiovisual
applications

= |TU-T P.1301: audio and audiovisual assessment for
multiparty telemeetings

= |TU-T P.1501: for web browsing

Those are the most commonly used, cf
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Objective QoE Estimation

Subijective Obijective
Methods: Methods

MQOS ITU P.800

\[oN Quality

5 Excellent
4 Good
3 Fair
2

1

Poor

Bad
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Objective QoE Estimation

A huge number of objective methods in the literature, many
standardized ones, too:

=|TU-T P.863:Perceptual objective listening quality assessment, FR
method for voice applications

=|ITU-T G.107: E-model, NR parametric model for dimensioning in
voice applications

=|TU-T P.563: NR signal based method for voice applications
=|TU-T J.247: FR method for video quality estimation,

low-res, able to cope with losses during transmission

=|TU-T J.341: FR method for HD video, can cope with losses

and freezes of up to 2s.

=|ITU-T P.1201: NR parametric method for video streaming

=|ITU-T P.1202: NR parametric method for video streaming,
bitstream-based
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QoE Estimation — Objective methods

e —— o m—— e T e T — T
 Signal-based > ¢ Parametric » (Protocol-based> CHybrid>
J2ignal-basec arametric Prot ased Tybri

-~ = . - s o "
. Full-reference | _Reduced-reference) | Mon-reference |

A first classification:

"Full-reference (FR): compare the degraded signal to
the original one

=Reduced-reference (NR): use features of the original
signal in the comparison

=*No-reference (NR): do not rely at all on the original
signal
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QoE Estimation — Objective methods

| Objective |

tf5| gnal-ba sea"} (_Parametric (Protocol-based CHybrid>

- ) g =, 7 ™
[ Full-reference ) i_Red uced-reference) . MNon-reference )

Parametric models:
=Use of mathematical models to translate network
parameters to QoE

Npoypappa Metantuxtakwv Znovdwv - Mponypéva Opata AcUppatwy Kat Kivntwv Atktuowv



Zxohn Benkidv Emotnuady

EBviko kat KanoSioTplako i
MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

QoE - other challenges

» QoE monitoring

» Find user-transparent and passive ways to feed QoE
measures back to the core network

» QoE management

» How QoE variations can drive the resource, interference and
mobility management?
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QoS - QOE relation

Npoypappa Metantuxtakwv Znovdwv - Mponypéva Opata AcUppatwy Kat Kivntwv Atktuowv



i i Zyohn Benkoy EmoTmudy
EBviko kal KanodiaTpiako y
& MANEMIZTHMIO AGHNQN Turua NMAnpopoptkig Kat TNAEMIKOVOVLIWY

QoS - QOE relation
» QoS » QoE

» Objective estimation of what is provided

» From network perspective
to the end-user

» dela N : :

. & » Subjective service perception from the
> Jitter, end-user:
» packet loss, » application specific features

» throughput... » Environmental etc..

Subjective Application Quality

Objective Application Quality

Network QoS
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QoS - QoE relation: the 1QX Hypothesis

The subjective sensibility of the QoE is more pronounced the higher this
experienced quality is.
«If the QOE is very high, a small disturbance will strongly decrease

the QoOE.
if the QOE is already low, a further disturbance is not perceived

significantly.
Example
This relationship can be motivated considering a restaurant QoE: If we
dined in a five-star restaurant, a single spot on the clean white tablecloth
would strongly disturb the atmosphere. The same incident would go

unnoticed in a simple tavern.
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Zxohn Oenkoyv Emor nyv
¥ EOvikS kai KanoSiotpiako , AR SaRRs ”'-'_"‘J:
MANETMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

QoS - QoE relation: the 1QX Hypothesis

Area 1: No distortion
Area 2: User disturbed
Area 3: User gives up (']QQE

0008

~ —(QGE —T)-

G ® © §
QoE =6 +y

QoE value
W
1

= S
QoS disturbance
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Iyohr Oenkiv Emommuoy
¥ EOvikG kat KanoSioTplako 2 & b me’“
MANETMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

QoS - QoE relation: the 1QX Hypothesis
MOS vs Packet loss

45 T T T 1

» Measurement exponential: R = 0.998
T fexplx) = 3.010 = exp(-4.473 =+ x) + 1.065

Mean opinion score

1 |
0 0.2 0.4 0.6 0.8 1
Packet loss ratio
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MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

QoE estimation for VolP
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Zxohn Oenkoyv Emor nyv
¥ EOvikS kai KanoSiotpiako , AR SaRRs ”'-'_"‘J:
MANETMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

< OLR >
Send side SLR > RLR '.- Reccive side
Ds-factor ——— ______Il':i iJBI _F_IL_H_m ________
Weighted ccho

path loss WEPL

/

Room noise Ps Round-trip delay Tr Room noise Pr

— " E—
| Suletone masking
rating STMR

Coding/decoding

Circuit noise Ne % Equipment impairment factor [e

Listener sidetone
rating LSTR
(LSTR = STMR + D)

referred to O dBr Packet-loss rohustness factor Bpl

Packet-loss probability Ppl

Mean one-way delay T

Absolute delay Ta Talker echo

Quantizing distortion gdu loudness rating TELR

ey e L PR R

Expectation factor A G.A0TI0A) F
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Iyohn Oenkyv Emomnudy
¥ EOvikG kat KanoSioTplako 2 “ I o I*
MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

Xpnon E-model yio tn peAetn tng oxeonc

QoE-xpovoc peonc kaBuvotepnonc
ouvoeonc T

Ta sT mT Mepimtwo [
o sT=1,ml =100 ms (user class 1) sualoﬁanoia P 1 XPnons
N ™+ sT=055 mT =120 ms (user class 2) o TIoas
sT =04, mT =150 ms (user class 3) Ka ’UOTSpI‘]Or]Q -
38 Tuyxaia 1 100 Edbapupodoipo os
OAOUC TOUG TUTTOUC
36 ,
TNAEPWVIKAG
1l OUVOMLALOG
AyvwoTeG OHAdEC
= 32t XPNOTWV Kol
0 QTOALTACELG
Z 3 :
- kaBuotepnoewv
=]
VR XapnAn 0.55 (120 NepUTTWOELG
XPNOTWV UE XapunAr
26f gvaloOnoia otig
n KaBuoTEPNOELS
29l MoAU xaunAn 0.4 150 MePUTTWOELG
' .. XPNOTWV PE TTOAU
9 . ! ! ! | | | . . XaunAn evawodnoia
0 50 100 150 200 250 300 350 400 450 500 OTIC KABUGTEPRTELC
ﬂnuug:_.ld'lpja_'_.luﬂ_prhn_lmth -T (ms)
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¥ EOvikG kat KanoSioTplako & b me’“
MANEMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

Xpnon E-model yia tn HeEAETN TNC OXEONC
QoE-xpovoc peonc kaBuotepnong cuvdéeonc T

0 sT=1 ml =100 ms (user class 1)

' +  57=055 mT =120 ms (user class 2)
15l sT=04, mT=160ms (userclass 3) | 1, O TUMOC TOU XPnotn Sadpapatilet
ol EVEPYO poOAo otav ol
kaBuotepnoel umnepPaivouv T
i 150 ms
ﬁ3.2-
: 2. O tumocg tou xpnotn Stadopormolel
EZE 10 puBUO mtwong tng QoE kabwc
e avédvouv oL  KaBuoTEPNOELC,
avadeLKVUOVTOC TNV onuacio tng
ol Evtaéng UTTOKELLEVIKWV
221 TIOPOUETPWY OTNV €KTIHNON TOU
L QoE.

0 50 100 150 200 250 300 350 400 450 500
One-way Delay of echo path - T (ms)
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Iyohr Oenkiv Emommuoy
¥ EOvikG kat KanoSioTplako 2 & b me’“
MANETMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

Xpnion E-model yia tn peAetn tne
oxeonc QOE-mocooTO XAMEVWVY TIOKETWV

I - O GIBMVAD(e=15.B= 1612 o , A :
Tay © GTIMVAD(e=11B=19 L KaAN T[OLO"CI’]TO( Tou gfom LG[J.IOU TOou
1, T . +  GSMEFR (le = 5, Bpl = 10.03) Kwdkomowntry/anokwdikomowntry  (le)
r -*- — o — _ — I 4 14
40$+ s ¥y G.711(le =0, Bpl = 4.3) OMIAlOC €XEL WG OTMOTEAEOHO TNV
+ 4 #  GT114PLC (le =0, Bpl = 25.14) , , ,
?Oéfﬂ 4y emitevén peyoAUtepwyv THwv  QoE
KR ' + * - 14 ) 7 ]
\ Oé'm + b **ﬂ aveéaptnTta amo To PUOUO amwAeglog
v T Fay, TTOKETWV.
fg 3k | ng ++++ ﬂ*** |
9] *
= : PR *ry ; :
W \ Hf‘o%o T+ by *+4 2. H evpwotia TOU Kwdwomownth/
[=] L N * + . ] ’ 7
G 22 \ '+ Bog, 5 T, +, arokwdikomownth outAiag (Bpl) emibpa
' * CI + 14 14 I
N ey, O%ODDD Thig, ONUOVTLKA OTOV PUuBuUO pE Tov omolo
- + -1 i I I I
2 >, § eel, “Cong4, MELWVETAL N TIoLOTNTA EUTELPLOC KAOWC
- ** 7 ’ ]
~. Tree, ] auéavetal TO TOCOOTO  XOUEVWV
1.5' - - ’
-l TIOKETWV.
‘| | | | | | | | | | -

0 2 4 6 6 10 12 14 16 18 2N
Random Packet-loss Probability - Ppl (%)
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Ixoh Oenkdv Emomudy

EBviko kat KanoSioTplako i
MANEMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

Xpnon E-model yia tn peA€tn tng oxéonc touv QoE pe ta
neptBaldovta BopuBou napalnmen (P,) kat amootoAea (P.)

4 n _. . T T T T T I ! 4 T T T T T T T T T
Y b o Gl DS = _3
E%iﬂ*
+ -
35¢ 15} et oD
it ¢ Ds=1
Cotet oty
T, # Ds=3
3t ; Ot
Ot e
O #
@ 25 @ 25 Oo;ﬁf**
: 2 R
y w e
S g ? Syt
ek,
15¢ 15 Uotit oty
Yot oy
Gt oty
1 st
I il i
05 I : . L I ! ! ! ! U 5 | | | | | | | | |
#4045 R0 5560 670 T8 B 8 %40 45 50 55 60 65 0 75 80 8
Raom Noise at the Receive Side - Pr (dBA) Room Hoise a the Send Side - Ps (dBA)

H cuokeur opAlag Tou amnootoAEa Stadpapatilel ONUOVILKOTEPO
PONO O€ OXEON HE TNV OUCKEUN TOU TOAPAANTIIN OTNV
Stapopdpwon tou QOE, adol TuUXOV aoto)iec/umofabuioelg
oA\ amAacialovtol dStaddopeveg peoa oto Siktuo.
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MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

QoE estimation for Video
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Zxohn Benkidv Emotnuady

EBviko kat KanoSioTplako i
MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

ITU-T G.107/0

= Three functions:
= Video assessment
=  Audio assessment
=  Multimedia assessment.
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Zxohn Benkidv Emotnuady

EBviko kat KanoSioTplako

MANEMIZTHMIO AGHNQN Turjua MAnpo@opLkniic Kat TNAEMIKOVWVIOV
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i, EBVIKG Kkal KamnodioTplakd , SN]SR VIRV "
MANETIZTHMIO AGHNQN Turua MAnpo@opikrg kat TNAETIKOWOVIDV

ITU-T G.1070

e 1.Video assessment

Ppr

Dp
Vg =1+ leoging e PV

(ln(FrV) -1 n(ofr))z
2Dfry’

YmoBaBpioeig Adyw kwdiomoimomg

leoding = Togr - €

_F_V _B_V ! r I ! 4
Dp = Vig+ Vyg-e % + Vyy € v BaBpdc supwotiag Pivteo w¢ TPOS TV aMOAEL TOKETWY
p
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Zxoh Benkiby Emotnudy

EBviko kat KanoSioTplako 2 ’
MANENIZTHMIO AGHNON T[.lﬁl.lﬂ I"Ihr]pmpopmnq Kat TT]?\E'I'HKDWLI}VL[IJV

ITU-T G.107/0

e 2. Audio assessment

54

1, av@<0
1+0.0350+0(Q - 60)(100-0)-7-107%,  av0<Q <100
45 av(Q >100

0 =93193 ~ Iyre — Loy

94.769 - R, (94.769 — R,)?
dte = u

2 . +100 - 1‘ (1-e¢T)  YmoPaBpioeis Adyw «xo0c» TOU OPANTY

P pls

Ppls t Bpls

le-eff = les +1(95 = Is)- YroBabpioeic Adyw efomhiopion
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Ixoh Cenkdyvy Emomudy
¥ EOvikG kat KanoSioTplako 2 & b o I:
MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

ITU-T G.10/0

e 3. Multimedia assessment

MMq= ml'MMsv+ mz‘MMT+ mg'MMsv'MMT+ my,
MMSV= m5'5q+ m6Vq+ m7‘Sq‘Vq+ Mmg

MMy = max{AD + MS,1}

AD - mg'(Ts+ TV)+ mlo

MS = minfmyy - (Ts =Ty) + myp, 05, avTg>Ty
O min{myg - (Ty = Tg) + my, 0, avTy > Ty

Npoypappa Metantuxtakwv Znovdwv - Mponypéva Opata AcUppatwy Kat Kivntwv Atktuowv



QoE(MOS)

o]
i

4
T

EBviko kat KanoSioTplako
MANENIZTHMIO AGHNON

Zyohn Benkoy EmoTmudy

Turjua MAnpo@opLkniic Kat TNAEMIKOVWVIOV

Xpnon G.1070 yia tn HEAETN TNC OXEONC
QoE-kaBuotepnon tou onpatog Bivieo T,

EB T T T T T T

27

=]
[ ]
T

[
e
T

Ts = 20ms
Ts =100ms

Ts = 260ms ||

Ts = 400ms

- |
=3

2.1
0 100 200 300 400 500 600

Video Delay - Tv ms)

800

900 1000

Ot TopanmANCLEC TLUEC
kaBuotepnoswv opAlog
kol Bivteo mpoodidbouv
N BEAtlotn TmoloTNTA
geumnelplag, yo kabe pia
nepUTTwon  ouvonkwv
Siktuou.

Amtaiteitol
OUYXPOVLOMOC
KOlL X0V

ELKOVOLC
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Zxohn Benkidv Emotnuady
¥ EOvikG kat KanoSioTplako & b me’“
MANEMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

Xpnon G.1070 yia tn HEAETN TNC OXEONC

I 14 14 I
QOE-Tt0000TO TWV XapEVWV TIAKETWV Blvteo P,
B 1. H mowotnta eumnelpiag mapovolalst
0 MPEG-4,QVGA video size = 4.2 inches e, e , ,
n +  MPEG4,QQVGA video size = 2.1 inches | $Olvouca exBetikn ouumnepldopa
o +  MPEG-2,VGA video size = 9.2 inches WC TIPOC TNV OTMWAELD TIOKETWV,
2e o‘ — - —-MPEG-4 VGA video size = 9.2 inches Kae(b GEL’)TE CXUE,CIXVETCXL
' 'o'-._ *  [TU H.264 VGA video size = 3.2 inches C’I’l ] o ) )
2‘; .,'-.__ 2. O Ttpomo¢ Opwg E TOV OTfolo
r a " 7 ’ ’ 7 7
s 1N R T, $Oivel n ouvaptnon aptatal ano
+ ' K .
%‘1.5_ . %*q.ﬁ% | o XOLPOAKTNPLOTIKA ToU
[ _‘"’*’*.-,,.,'_;_# npoBaAlopevou Bivieo, OmMwc n
T e Uy ™ l Kwdlkomoinon, n availuon Kot n
*“ K L 'ﬁ'&, h g, ’ ’
o -.,.,..____.fma-,x&._% L 00ovn npoBoAnc.
m%m T, .f'":r""lf’f"'}frf"'}."T":ff""f':""f':'-""=f-:-r-- i 3. Meyalho peyeBoc NG  0B0vNng
0r —— OT(PWXVEL OAN TN KOUIUAN TPOG Tal
[]5 | | | | | | | | | Ka’.-[w
0ot o2 3 48 6 7T 8 8 104, Xelpotepn KwoLKoTolnon

Video Packet-loss Probability - Pplv (%) 5 LoV pVEi HEVGAOTEDI’] KU p'[é'[l’]'[a
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Zyohn Benkoy EmoTmudy

e B Ri <H eebey
Xpnon G.1070 yia Tn HEAETN TNC OXEONC
QoE-puBuo petadoong mAaolwvy F

Brv = 128 kbps
Brv = 256 kbps
Brv = 512 kbps
Brv = 1024 kbps
maximums

W | 1. YUNAN molotnta gpmelplog amottel
OWoTO  OUVSUAOMO,  peyEBouC
nmAatoiouv kat puBpol petadoong
nAaLoilwy yla dedopevn

XWPNTIKOTNTA YPOUUAC LETASOONC.

24t

Flao + + + o

QoE(MOS)

| | | | |
0 10 20 il 40 Al Al Kl il a0 100
MgderpraameoRaiEtbmipagiakwy Zrovdwv - Mponypéva O<pata AcUuppatwy kot Kivntwv Atktowv




4 : ; Zyohn Benkoy EmoTmudy
EBviko Kal KanoSiloTplako A
MANEMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

Example -1
Evaluating the impact of femtocell
proliferation on VolP QoE
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EBvikd kat KanodioTplako A
& MANEMIZTHMIO AGHNQN Turjua MAnpo@opLkniic Kat TNAEMIKOVWVIOV

QoE Estimation — Objective methods
Voice Services

Subijective Obijective
Methods: Methods

MQOS ITU P.800

\[oN Quality

5 Excellent
4 Good
3 Fair
2

1

Poor

Bad
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PR, =94.2 : Zyohf) Qenkdv Emotruidy
EBviko Kal KanoSiloTplako A
MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

The E-model

» E-Model has been proposed by the ITU-T for measuring
objectively the MOS of voice communications.

» E-model takes into account a variety of transmission
impairments producing the so-called R factor (scales from 0 to
100) and then uses a mathematic formula to translate this
factor to MOS values

R=R, =942

4

3 &g
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R Zyohn Benkoy EmoTmudy

=942
i EBVIKG Kal KanodioTplako i
MANEMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

The E-model

I_:are impairments that are generated during the voice traveling
into the network
I; :are the delays introduced from end-to-end signal traveling

:are impairments introduced by the equipment

»
1 if R<O0,

MOS =4 1+0.035R+ R(R—60)100—R)7-10 0 i 0<R<100,
45 if R>100
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EBviko Kal KanoSiloTplako A
MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

The E-model

Focus on the impairments introduced by the wireless part of
the network — (1) Packet loss and (2) Delay

I, =11+40In(1+14p’

1, =0.024d}+0.11(d [-177.3)H(d|-177.3)

H(x) = 0 forx<0
1 forx=0
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p> EBviko kat Kanodiotpiako 2 “ I o I*
MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

Femto-overlaid LTE-A network

Macrocell
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¥ EOvikG kat KanoSioTplako
MANENIZTHMIO AGHNON

45+ .
41_. ---------------------- oo e - . -
—@— Mo femtos - all UEs
3. —l— Femto-overlaid - all UEs |
---%¥-- Femto-overlaid - MUEs
---i&-- Femto-overlaid - FUES -
25 |
5- T S
|

Results

Zxoh Benkiby Emotnudy

Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

]
0 40 60

1
80

Total number of concurrent VolP calls
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Example -2

QoE-aware Power Control
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EBviko Kal KanoSiloTplako A
& MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

QoE-aware Power Control

e 3GPP Altruistic Power Control (PC)
e Extension of the 3GPP approach

Py, = mEdiaﬂ(FEﬁE—Heﬁﬂ + PLly.ng-muer Pimax Pmiﬂ]

o Frx: transmit power of the interference aggressor
e Poys_mens: received power from the eNB (serves the victim MUE),
o Pluenz-muvz: pathloss between the HeNB and the victim MUE.

Macrocell
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Zxohn Benkidv Emotnuady

¥ EOvikG kat KanoSioTplako i
MANEMIETHMIO AGHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

QoE-aware Power Control

Proposed Scheme (be more altruistic!)

» Enhance the 3GPP Power Control IM scheme

Pr, = mEdiaﬂ[:PeHE—HEHE + PLlyong-—mue: Pmaxe Pmiﬂ]

Y

Py, = mﬂ‘x[Pmiﬂ!PT::{EGPF} _‘dPEﬂR,np!:)! if AP copope = 0

Safety margin ) '
= | Monitoring
T ) § (Through E-Model )
i MOS Vs SINR
N8,
O -E-- Region 1
2 g | Con;-stﬂnt'_t
- optimal .
1 RN SINR in COR
14 Sinking : — ‘
: Unacceptable AP
d QoS degradation x2 COR.opt
SINR
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Iyohr Oenkiv Emommuoy
¥ EOvikG kat KanoSioTplako 2 & b me’“
MANETMIZTHMIO AOHNQN Tunua MAnpo@opIkng Kat TNAETIKOIVWVIWY

QoE-aware Power Control

Result : Monitoring phase

5 = | =
4.5- _ T - -
3 } y(x) = a.exp(b.x) + c
4+ a™ a=5.5924 7
- " b=-0.5719
3.5+ L " c=0.70617 .
O, R =0.93157
3L +  Simulation : ' |
N = Curve Fitting
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SINR at target UE (dB)
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QoE-aware Power Control
Result: HeNB Transmit power

12

o
T

—&—3GPP PC
—e— QoE-aware PC

[s.0}
T

HeNB Transmit Power (dBm)

20 40 50 80 100 120 140 160
HeNB-MUE distance (m)

Indirect interference mitigation and energy saving
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Thank you!
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