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Abstract

At present, LTE mobile networks are constantly evolving and the number of users is constantly
increasing in access to multimedia services, which are contributing to the economic value of service
providers. Therefore, the competition between the service providers. The factors that will be a key
indicator of the service provider is the user satisfaction gained from using the service. In the past, the
Quality of Service (QoS) was the key performance of every network because it could be really measured
and helped engineers to improve the network services. However, QOS parameters reflect only the network
performances which do not directly indicate the satisfaction of users. Some users experience a bad service
due to crowd accessibility even though the signal strength is still good. Hence, this research offers
modeling to assess user satisfaction in terms of Quality of Experience resulting from Quality of Service
instead of directly measuring user satisfaction.

From the recent literature survey, no research has found any form of correlation for mobile
networks. There are some specific QOS parameters of cellular networks which are different from other
networks. These parameters are influenced by the propagation fading channel that is special for mobile
networks. Then, the value of QOS parameters based on the same services might be different between
mobile and wifi networks. Although there are some researchers that try to find a relationship but have not
received any conclusions. Therefore, this research provides a model to evaluate the Quality of Experience
(QoE) based on the Quality of Service by using Artificial Neural Networks (ANN). The result of user
satisfaction is that the service provider should. The success of this research will reflect the quality of the
experience the user receives from the service so that service providers will improve the quality of the

service to maintain and attract users.
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YumdUN 2 : Activation
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Tunoui 3 : Weight Learning
= g o 1 ¥ o < < . A .
FutunsdsumoruividinlunszuiumsudansownFY (Back-Propagation) 1a8# Gradient
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Input Layer Hidden Layer Output Layer
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Error
Weight Learning
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Aw,a —
ij
M3UFUAININNINNAYVDQ Chain Rule AIANNT 3.7
OE 0y, Onet
ijk — _g_i—k
Oy, Onet, 0w,

A . . T oF v
1a8 Derivative of the error with respect to the activation — wld
k

a(;Z(tk —3)")

= (- y)="¢
P == =) =€
W, WV
&4 Derivative of the activation with respect to the net input wld
net,
ayk B 6(1 + e—netk )—1 B e—netk
Onet, Onet, (1+e7"%)’
' 1 4 v :
19 y, =————— 11910 Sigmoid Function N1Flumsdadulaasldn
(1+e"")
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——=»0-y)
Onet,
o . . . Onet, _yy
Derivative of the net input with respect to a weight 3 DA
W
Jk

Onet, _ a(ijjk -0,) .

J
ow, owy,

E4
INF1EREUU Weight change rule for a hidden to output weight 9N1NY
5k

f_/%
Aw, :_g[_ek]b/k(l_yk)][yj]z8ekyk(l_yk)yj
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Aw, =6y, (3.13)

é 1 %’ v ld' d' 1 1 g’/ 14 (% g’; Y Y

mmumuniwum%mmw31wummwﬂﬂu%umau%ﬂm1
wi(p+D)=w,(p)+Aw,(p) (3.14)

NUVBINTZUIUMNT Weight Learning Glumiﬂsumumuﬂm%amm THIN mmu%ummw&muw
Y
o

Input Layer Hidden Layer Output Layer

Error
Weight Learning

5U0 3.10 msunsnsznenvudounduvessuseulliwuna

. Onet,
Aw, - 25_E Oy, Onet, | %, J

(3.15)
% Oy, Onet;, 0y, |Onet, oOw,;
REREREANT! Weight change rule for a input to hidden weight WML
- 5
f—J%
Aw, =¢ Zekyk(l—yk)wjk y,(1=y)x (3.16)
k
L ,
Aw, =¢ Zé‘kwjk}yj(l—yj)x,. (3.17)
L &
TagaumsnlFluaniminszninsudouMFouasnusudunyavz 1an
Aw“ = 6‘5}x. (3.18)

Faamhminlmi ﬁz%ammwwmwu%uﬂwu@uwmil“l?fdw
Wij(p+1)zwij(p)+AWij(p) (3.19)
TunOUN 4 : Iteration
o 2 . = ES [ o H A o 2 Aq Y
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N3ZUIUMIHoUSIAY Repeat Process MNUAIUNTENAHADANUAAND MM N 115000051 1A Taef

ANUAANAIANA VT DgNTUAINUEA lHaLNITA 3.20

dataset

SSE = 2 Zek (p)’* (3.20)



41

v v
TuduasuganievesnsBeus TnseurelszanfontiumiuaannanINveIAInINAANA 1A
[ 1 v

(Error) Na3@®4 (Sum of Square Error : SSE) Tﬂsmm SSE %Nmﬁﬂmfﬁﬂ’ﬂﬂ g ATNTIUIUATIVOINS

Repeat Process (Epoch) TumsihyadoyaildlunszuiumsiSouinsoynda deinaaslugili 3.11

WetnuaminnuAanaanawsogeuiulunszuiumsisouivealnssitedszamiiion SSE =
< g1 A Y o 1 = J < 9 a A A

0.001 vzmiu 1491 Fuduriuai sSE szlimsunislunaniesuaziinianasos a1 Epoch i

A é’ A 1 = A [ v A o Y Y1 o ' o

NI oA SSE anasaudeaineonsyldaamwnmvua 13 vz 1891811491909 Epoch 111 19780

g’/ g’/ dyo g‘; d? LK% 1 d' [ k) =} Y 1 =1 é A A

Ase NaldauaszIvegnumneoniyldvesmsiouilulaswelseammifiousadinanacny

° ° 3 = = A & ' 2 o °

M 1dS1u9un 5 Epoch Tumsisouiinismiuau nazaA19e3 Epoch 92 3unun1sivua lnsaaing

moluveslassielszamiiontazanuulsdsuvestoyaminnldlunszuiumsisous

0.7 T T T T T T T T T

oEl SSE=0.001 |
Epoch=19780

05F .

04Ff .

sse

03

0.2

0.1

0 02 04 06 08 1 12 14 16 1.8 2
epoch x104

5U0 3.11 naluaasdrednngans sumsiseuivesszuuInsnedseamiion

U

3.62  mIinaaey lasavielssarmney

o A ' = Yo = A~ ] v o & 9 <
‘Haqmﬂﬂmwmﬂizﬁmmw"lmumiNﬂaaummiﬂugmmﬁuwu‘ﬁmawaymaifn

= 9 Y o Jay Y 1 ~ Y 21 ¥ o 1A A A
L13YUVIBDYLAA N’daWﬁ‘Vl"],ﬂmﬂIﬂ‘i\‘]"lﬂﬂﬂigﬁﬂﬂl‘iﬂﬂM%31@%1“]{\1ﬂ13’3\1u1ﬂuﬂuﬁ$ﬂ1 VALINNIHUIETUN

ueraeAagili 3.2



42

Wi W Wy; Wi W Wy, 6 0,
W Wy W, W1 Wy W, 0 o, o,
Wi = Wik = i = 6 =
(W W - Wy (W Wi e Wi 9 6 |
{ o A [
510 3.12 waawsn lannnszurumsizeuiveslassiielszamiion
o 9 Ay v ~ Y 9 & a1 ¥ o :
ideyan Idvinnszuiumsizeuiundowdraunish 3.2 uaz 3.3 Taslimalrahvinuaza

v

v Y A

leﬂLl,‘]J\WHlINaﬂW‘EVIIli;I}‘DWﬂﬂi$1J'Juﬂ1ﬁl'§'flu:§: Llﬁ$ﬁ1ﬂ1§i‘I’NUTI’YUﬂLEnGTW‘GWN 5 TW'L!@ ANTUNITN
Ay Y o g’/ L oA 1 [ = A I Y v J

230 Taga1nlanine1dnans 5 Tnua Felin1egsznane 0 o 1o ld ldnadnivesnzuuugaunIn

s 1 1 1 =3
%ﬂﬂﬂi%ﬁﬂﬂTﬁmW@giuﬂf%ﬁmﬁ’ﬂﬂ 1995

QoE =+ (3.20)

k=1
Y )

Fawaansn Idvzgmirlinaaoviszaniamveslnswinelszamionnnnistdoudeyaildluns

a

v
=1

¥y A o s Y v ~ ' v o ' Ay o A
| ﬂugLW@CVI']U'IfJLE)'W]W@Wllﬂua’guﬁﬂulmﬂuﬂ']ﬁ?iﬁuwu‘ﬁjgﬂjWQLﬂWWNWﬂ‘VW’]@Qﬂ'Iiﬂ\?ﬁMﬂ']fl'cn 3.21

P y & -
> (0S, - OS)(QoE, — Qo)
Corre _Model = -l 3.21)

i(osp —05) zP:(QoEp — QoE)

1 . . g < o ng a A o 4
Ta#fA1 (Correlation Coefficient) HaztHuar3ialsc@nsn mvewuuiiaoiganinyelssaunisel
UNUMINATOUMIMIIBLU DY NARFIHAaNTYeUITolag Idadaui Idannsiuieves

o 4 ax ' ° '
nuuSaesguaImvet)szaunsniaieds lasenelseamiisnainnisasuunsiaeslaengy
drednnadonlyusns lumsdsziinanuiiane hdwlSewaiioumstiinguaiedialillszidiu

= Hdq ¥ a ' v 9 a v 32 A o oA
auiane lanldimesn1faded1unun1myeauI N5 (QoS Parameters) IN1UU NIUNQUAIDE1IN

o @ a o S 1 a = v A 1 @ < o <
nagoud 1 iunuIteonziiinusinnuiiane lvdeusmsh laSuhuanasiudesdesiinmany
9 ° A 9 ~ ¥ ' a A o A v o
doyasiuaunin e lglumsisenilulasevislssmnmemieduiumsmanuduiusuag

Uszanamanuiane liveanqualedaunusisyaaa



43

A A A ' =
3.6.3 TlflaglﬂfJﬂLWiJLﬁiJ"U@QTﬂiQ%WJﬂigﬁﬁ’lWIEHJ

] = 3 ax a o 7% 9
Iﬂ‘i\ﬁﬂﬂﬂﬁgﬁ'WlL‘I/'IEJlJL’]_Iu'JﬁﬂTHafJuLL‘U‘Uﬂ'li“l/n\ﬂuGIJENZ’fN@QNHBEJ%QLW?J1$1Hﬂ15Lm"l"U

SO

A % v o o o o o @
Tyindudoultniia aremsizouinnuduiusvesfoderindt (Input) nazwadns (Output) ao

]

Y

Tovendwanolscansnmveslasevielseamnentsenouaie
[ ) [ [ v o o P o 1

m3aendaseriidn (npu) Mmdeniladesintiinnudusiusnunasninezy 1l lassielszan
=1 =\ a A 2 9 [ @ v 1 %
MeulszansnmlunszuIumsious uaznadey MIATIVABUILHINANNAUNUTTEHITTE
o Y o [ 4 o 9 a d v a Q‘{ [ @ 4 . .
Budnuwaansausoi la laenmsinsizidulscansandunus (Correlation Coefficient) 1A
A g & A a ¢ Y A A 4 '
wesduiiuRou lulumsdnagirzdealinnuaeiuunnii 95%

o g’; 1 . 2 o 3‘; ] 1 3’, I

UIUFUEDY (Number of Hidden Layer Nodes) [Panchal, 2011] FITIUTUFDULA AT U
hsdryidiwanelszaninmvesIaseelszamiioy Fazdeadinnumunzan binviodos
a 1A a . 1 a a . X 2 <
mul dwrnndunulazima il Overfitting uadieamnuliaging Underfitting aana 2 1fluilgynn
o A A ] o a Q( [ 4 .
mldlszansamvedlaswnelseamifisnanasnnnmisnaaouduilszansanduwus (Correlation

. ' Ay v ' P
Coefficient) ‘5314'3’]\19&11/]1@%’]ﬂﬂ’ll@’lﬂ7}!@]llﬁ$tﬂ’]ﬁﬂ1ﬂ

v
=t

sudeyanldinlassielszamiionlunszurumsisons (Data Set of Learning) Tn59%18
Usgamifeudilszaninmmeluvevvavesdoyanlasumsinadou dedimndoyan 19inaoud

=} < 1 9 a Aa ] =1 dé‘
ﬂﬁﬂigfﬂﬁm’Jﬂﬂ?ﬂiﬂﬂl@ﬂﬁ]@fﬁwﬁ\iNﬁslﬂ‘]_l‘iﬂm/]ﬁﬂw\léll@QTﬂﬁQﬂﬂﬂﬂiZ’dTﬂl‘ﬂﬁJﬁJﬂﬂJu

115 Normalization Y939 0ya 19Hnaou Feazdesliudoyaliiia lugrimuzaunoutlowdng

U

Tagavnetlsyannifeuiio)szansmning
1A DD R ool T [ ' ..
AT UAUVDIAIN UMD (Tnitialization Weight) 9zTinanen151911nd9a Local Minimum 1350
L. o AN Y o & ° 1A o v ~ YA o
Global Minimum veaHaansn e aaiunisdivuaaineeusula (SSE) lunszuiumsGeouind o
4 =) (%] 1 Sol % d' (%] 1 Ll = =% 1
matnamsUsuanihminnmIng aunduszdananolsanimuuadInsavielssenimioy

$1uauseunisAnaou (Epoch) ariimuin lagsilimsiFeusisawazdmnideslornz i ld
Y A

Aa A o dg [ o ! v 9 S :: d‘ Y a
UszAninmanas NeatlyunUMITIMuaa1 SSE A2Ug 81110 SSE 1f1d1 9 uaz Epoch Nrioainu 11
o Y 1 = = Y d‘ = 9}& 1 1 a A d' 1
'fﬂﬁ]ﬁ]%‘l’lﬂﬂiﬂi\i"’l]TEJllizﬁﬁ’IWlﬂiJ‘l’iEgﬂﬂﬁ!ﬁﬂugﬂﬂu‘ﬂﬁ]gﬂ\ilﬂW‘l’iMWﬂUl@“ﬁ\ﬁ]gﬁﬂwaﬁ'f)ﬂi%ﬁ“l’l‘ﬁﬂﬁ"lﬂl!,ﬂ

(5N

[l
v A

a < 9 v a .. . A 1 ' = 9
HaveIlanFunlslunisaaauls (Decision Function) MHUZANISTINAADNTTOUIUAL

o

s
NAANDNA



44

o J ° o ¢
3.7 l’ﬂ5\1@'%1\3!!”U%1ﬁﬂﬂﬂmﬂ1‘Wsllﬂ\ﬂjﬁgﬁﬂﬂ]imﬂ]ﬁu1!!ﬂﬂﬂ1aﬂﬁﬂ‘mﬂ 1W°llﬂﬂﬂ§$ﬁﬂﬂ]ﬁﬂ!

pppdiassnunmvestszaumiaiaieds Inssiedsznniionanms 15l iesunannues
U3M3 (QoS Parameters) Tumssziiuanuitanelavesuinis lasll Inssadwuewuusiaosnunin
vosszaunisaiiszneulu@ae 2 dauldun dauilFlunsadrauusiaesquninyes
Uszerumsal (Create QoE Model) tazduiildlumsdsziiiuganimuestszaunsel (Estimate QoE)

= 9 1 =1 @ A
%QLLﬁﬂQIﬂﬁQﬁiN"’UﬁNIﬂ‘N"IﬂEJ‘L]‘iz’s‘Tﬁ/l!,‘I/lleI@Ng‘]JT] 3.13

Create QoE Model

Pre-Processing Learning ANN Synthesis Parameters

Lo o e o S s i Vet
[T Syupyiy' ¥ A Sl ™ !
! Estimate QoE E
: :
: Import Estimate Result !
I

1
i :

o t4
3.7.1 msﬁ%’mmmmmﬂmmwmmﬂixﬁumim (Create QoE Model)

' Aq ¥ ) o < £

dunlFlunsaiuuuiiaesnun muoslszaunisal (Create QoE Model) tiaz T 1un1s
[ SR v Y a A 1 @ = 9
duns1zinadaded1unun1MY0IUTNI5 (QoS Parameters) NaAIHAADTZAUAINNINED Tovoef 1F91u

o = 9 dsg £ ax ] = Aa
Taguuudiaenunmedlseaunsanas nuua1895 Insa1edszanmoniingzuaunig
a I v Y = 9 A @ A o Y @ s A I v
ARlamMaaINFUFoUINMIHouvounTewns nigUnuumMshauadwiuayewysdine 14 ldna

o

v A & 1 1 ¥ o 1A ] A o A 9
ansnitluamoruihmiinuaza@asiddugdunuvesaumsnindiamansnezgniiunldlums
Usziliuazuuuqaunnuealszaunsal
o ] 9 o Y 2 =2
waann lanussiudoyaifadvauguuesnTnig (QoS Parameters) HazAZLUUANNNY
voa < 4 A o
wo 19910819911 (Opinion Score) YoanguAtod1uhmuIond yadoyavzinusIus Mo Nazai 11

o t4 1 a U
ﬁ%’nuuumamﬂmmweumﬂizﬁumim (QoE Model) Tuusiazu3n1s Tasluaiuveaniseaiig



45

o J v 2 . a 4
puvuTaenunMUeslszaumssiliznoudIe NTZUIUMINOUITY (Pre-Processing) AT 1ZHT0YA
' Y o ~ Y ' ) Y a ~ Y 9 A Y
NOUTININUUUIIADY ﬂig‘]J’JUﬂTiL‘iEJug"U@QIﬂiﬂ"’Mﬂﬂ§$ﬁ1°l/IL°VIEJllGl‘ﬁLﬂﬂﬂﬁlﬁﬂugﬂ]@yjﬁmﬂ’dﬂﬂ

° o 7 o . A g o 7 Ay v
HUDIIADY LATNTLVIUMTTUATIZH V98 (Synthesis Parameters) Nl umisdaunsizinan lasn

@ a 1 Jd

HAAOUANDIVDITITIRIUAUNINYDIVTNIT (QoS Parameters) ADAZUUUAMAINYO I T2 AUNT Ol

(QoE Score)

a 4
372 mydsziugunnuel)szaumsal (Estimate QoE)

dwilFlumsdsziiiugaunimvealszaumsalumumsdsziiiuanuiianelvnngldau Tae

o A { < ) P o
IH1fioalasoa1uAUAIMYDIVINT (QoS Parameters) N Idanmsinunamsiauuglnssiaminivu

9
a @

A o Ay Y Y ° S v Y ]
"VIW@WNIII?LH‘I??J AZENQOS ‘Hﬁ\ﬁ]"lﬂ‘Vlll@ﬁiNlL’U’UﬁﬂﬁﬂﬂﬂmﬂﬁNﬂJﬂ\i‘ﬂigﬁ‘Uf‘ﬂimlﬁﬂﬂiﬂﬂllﬁ’) ITINY

oe

1 Y]

' P ' A o D] < ° o . A
Anhiinaunasiaien o e ldaunnmsinuna vnnsiilaslime (Drive test) naz1so
J A § 4 o
Jeannd (Walk test) Tugn1uiiaie q Adesmsnsiudennuiiane lvvesd 15auie 14 un1sii 1y

[ 1 { a o 1
Ysuilgeszun Tuamvesldsunsunldlumsisziivaunmueslseaumsaidsgneudle dauves
o Y Y & = o Y 9 ' v Y A ° 1 A4 o
M31IBYa (Import) F9921Y1UNM31H NV YaVBIANTITEA AN INYBIVTNITAWHUIHUATIN
< o Y Y ° t3 4 v X oA
M3AURa tazi 1oy avo U U MUBsEaUMIal (QOE Model) Nar31NIUINAIUN
o o
THlumsadauuiiaesguninvesilszaumsal (Create QoE Model)

! a 7 . < a
luduvesmsisziliuazuuuaunmilszaunisal (Estimate QoE) Fvzidlunmsiszdiun
@ A Ayy g ¢ ' >
aumnvelszaumsal Tasnad Idvzilumiazuuuguninvealszaumssinnmstounidode

Y a o 1 ,ﬁ’ AA g ' 2 a @ 4 Ay Y
AUAUNINVDIUTNIsHazA eI uNInure uagludiuilvzinsdunsizvinai ldain

J

HAADUAUOIUBITITOA 1UA MATNYBIVT N5 (QoS Parameters) ADAZUUUAMA TNV 52 AUNT 0]
A a1 s u’d‘?x’/ 9 A 2 A o Y o o o A
(QOE Score) thalimaniunmyinae 13 imeszydaganiildan QoS Parameter Fuiludrudrngfoy
] X A o 1 A H ' S <
vawen lanalynuiiesduaInnsiil Qo Score aniunaain lana 13 uazdmugamoinazilums
{ < { A4 Y
naaana (Result) Tagdsznouldarounui (Map) lunisinunaluiiunfnuna doyadedoain
AMUAINUBIVINIG (QoS Parameters) HAZAZUUUAMNINVOIUTZAUNITDI (QOE Score) 581 DIA
o ldSuilzeszun
° ° L4 9 < ' v 9
mswuusaesguamvesdszaunisa ldldaunnmanurasiditeaiuguainves

a = <3 1 a o
U3M3 (QoS Parameters) 9110 115153 AZENQOS fivz Idanmisinudoyaveaazuimsnnnsn



46

s A 7 XA A4y A o Yy =K o = '
h];ﬂi%ll‘ﬂﬁﬁi@:]@ﬁﬂlﬂﬁ G]UJWU‘VI1/]@@\‘lﬂ15‘1/]511]Nﬁ!W'ﬂ]1“?73‘1/]@1«!'0\133@]Jﬂ’ﬂiJWQW@clﬁ]ElUEN"U@Q

A mveslszaumsel

3.8  nanMmgLN

o

& 9a v e~ 0 s A g9 a
Tuuniidivelauanadsnisesnuuvunuiiaesguainvestszaumsaiine 15szilugmain
2 91 v Y a Ay v <
Yoalszaumsnl lngnslda1Tedea1unmnINY0IT N1 (QoS Parameters) 71 1A91NAITINUHATIU
¢ ¢ da ¥ < ° 7 ao A <
ginsalaninTlundaaslsunsy AZENQOS figmimniszgnaldluauiduive s lumanudoya
H 9 Y o '
uaznadeUINNguAIeE Az auyag U Iaas Bnniiuituananurazngudledaiuana1eny
a { J o 4 4 {
TunFnsnldau 1aun Call Youtube Facebook Line 1182 Web Browser U135z UU Insdwinaoun
o o ¥ ° a s
WCDMA g LTE Taguuusiaesganimuesllszaumsaignasndunnuuuiiassnisnsiasmaasn
~ o Y o A a s v 9 ' o A 9 ° =
Imshauadienuauewypdiie insiziGouinndeyavesatlesengnioudunusiaeuiioy
[ = d' 9 k) a [ ] (]
nuagzuuuanuiane langldaulalsadunnnguaied
o Jd Y asy [} = = Y [ o
puuaegun medlszaumsaialeds Inssinelseamienil Inssaamanunsiinn
1 1 o o a
dosdrunlFlumsadruuusiassnunimueilizaunisol (Create QoE Model) taz I lumsilsziiiu

L)

4 2 d" 1 1 = a
AZUUUAUNNYDIUTZA NIl (Estimate QoE) Tagnat luunazdiuvzlinszuiumsiniizidoya

v
=1

' o v o 1 [ a

AU MUV A0 WAz NMTTUATIZHDIAUHAUDIANTITEAUAUATNVDILT NS (QoS Parameters) 1
. ' o ¢ g ¢ [ S S
AIHAADIZADAZUUUADN NV 52aUN T8 (QOE Score) MInMsaunmaiazuuudua o 1yl
1Y a v A ¥ ' = vq ¥ = 0
Wuadndalunisdsuljsszumaiodieliaovauosaonnuiane loved 141y an1sii

° o a S

spusiaesgunnvelszaumanl W lFaulumsdszdiuiuazde s Tdsunsy AZENQOS lums

F4

fuma TasWine (Drive Test) 30 108nNd (Walk Test) @13

S 9

A ° 9 v

NNABDINIINI 1Y L!,azml,m‘lmy,mﬂsl“lf
) o A o ' "y Yy 1y ~ A dd v

Houwdnuuusiaeuneringa Iagludesldnguinadenlidsziiivlununndesmsnswwannu

= A U e < a0 X @ I av
WQWE)G],ED mﬂwﬂanmui]zu,ﬂumia’ammmJ’emnmUcna“luuwaﬂM%gﬂuwammmina



47

Y o F a ¢
‘U‘ﬂﬁ 4 !!‘U'U‘i]]ﬁi’)ﬂﬂqﬂ!ﬂTWslli’N‘ll‘53@"]Jﬂ1im!!i13ﬂ1‘5’3!ﬂ§131’i

41  pan

& ! g o 0 ¢
lu@‘W']Gluj_n/]ﬁzﬂglﬂUﬂ’lﬁuuﬁuawam@Qﬂ’ﬁﬁ%l’]\ulll‘]_lﬂ’]a@\jﬂmﬂ']weuﬂ\jﬂigﬁ‘]_lﬂ’lﬁﬂlllagﬂ']ﬁ

a J

< = y & 4 o Ay
Ansizianmsinuranageuauiane laved v luiiuivaznguaiediai ldeenuuu13Tuum

= ° Y, ] ° o A A o o '
3 Tasgninlglunsaiiuuuiiassgunimvesszaumsal luusnisnmruauazdunsew
[ a ) 1 o & 3’; 14
anigvelated1uguN IMYBIUTMINAINaRDAZIUUAUN WD TZAUNTBI FI2YNAUN A
4 < 1 @ 1 a o ° o { g
azunuiodznouliiiualetears q lumsiigainimshuuusiassignadrevul)ldaulums
A 4 j’ A gi Y o = 9 o
Usziiuguainveaszaumsal Tununa1s o Huazae N sfssumeuanmsas1uuuIIas
P 9 g <3 = 1 o 1 =) [
AAMNYMTEAUNITUNTTNIUNNMINVHANINATOVANUNIND 1991NNgUAI0e1URsIN U U
A A Vo & Ao & < A A v o a A )
WUNLANANNUFINUITIUILIAN VAR TUNUNNFINNUHIUATLAZIINIAUATINF AL 1o 19
~ ' ° ~ y 2 A Y1 o Y a
ATeuMeuANUEANA1YD WU DT1A0INYNATNIUINNTIA DN 1FATIToA U UNINYRIUT AT
v v 4
(QoS Parameters) ﬁu@ﬂmmu"lﬁ'!,m A3UVDN End Parameters LA & 3U All Parameters c’?ﬂumuﬁ
Usznou'l1JA8 End Parameters Radio Parameters 1182 Data Parameters 92 19U 18099 2N INVO
P gy 2 < A Ao o a A ) o A
Uszaumsaingnadryunnmanuralunundmdauasssduindsezneulide 2 npuiiaes fio
° ¢ Aq Y A a s
pupTIaeIRaNNYedllszaunsal Nl4iNed End Parameters Tunssziuagaunimveaszaumsal

o sAq U1 o & Ay v A
LLag llﬂﬂﬂqa@\iﬂmﬂqwm@\jﬂjgﬁﬂﬂ']im1/]Glc]fﬂ'lﬁiﬂﬂﬂ‘ﬂqwuﬂfﬂulﬂﬂ']ﬂiﬂﬁuﬂﬁ1] AZENQOS f9 All

a o o w ° o~
Parameters Tumsdsziiuguninaueslszaumsal uazdmsunuusiassnunmveszaumsainla

v

= 9

< L A A v o Y 1 o ]
‘U1ﬂﬂ?ilﬂﬂﬂﬁiuW”ﬂﬂ?Ql‘ﬂWNW’luﬂi'ﬂﬂﬁgﬂﬂﬂﬂﬂﬂ PABINIREGRN qﬂllﬂ LL'lJiJ‘D’la@QV]ﬂﬂﬁﬁ’l\ielluiu

Y
9
A A <

F ] Y
NUNTMIauasswdu Tag azimuudiasaurardvulTeumeuanuuanaralununuean1sn

1 9
IS v Y

I a o 1 o { 1
Waﬂﬂﬁ@ﬂﬂ’)]uﬁﬂW@i%ﬂﬁ’Nﬂu mﬂuu%nJuﬂWswqwsﬂmmmﬂmwmuummmﬁ'lﬁ}%mﬂqm

@ 1

1 A 1 o dy A A @ A A Y XK 9 1 ' gl,: cg/ o av
Y91 RLanaan U Tunui@ReIny memzmjmmamﬂmmlmmazﬂqm Netuuudaeslunuive

Q k'
o y A

v A 7R A dy v Y < ] £
uuldadraiengainaisnmsnldeenuuy ninmsnuranisnaaeuauiiane lvvng 149 lu
1 @ 1 ~ 1 o j’ A A 1 @ A 9 Y I K 4
nquileesiuananuluiunfuanaeiuneazfeouliimudsnzuuuguamasalszaumssinaz
@ IR 1 v Y a2 A ' v 7A o ' oA H,
dunsizinemifatedugan nuessmsNdawano szAUAUN MU szaUMIENAINI INUANNAT

13 nagdrannsarh llsiudeyalumssulzuniens



48

Y 4 13 d
4.2 mamnaﬂumamm&mumam@mmwma Qﬂﬁ%ﬁ‘l.lfniﬂ!

o 4 [}
lumsadranuiiaesnunmvelszaumsaiaieds Insaiedszamionsz 191 sunsuuun
& Y ° 9 =< < 1 @
uatl teadavusiaswazldlisunsy AZENQOS Tunmisnaasunnuiane lauazinunaaifave
Y ~ o vy aw Y o o o & Y1 '
AUAUNINVOUT NS Haann Idveagivesmsdtoudrezihmswannuuusiass e ldieaenis
o < J . a
il 1Fuanmanuralaswma (Drive test) 9110 11513y AZENQOS Tunisisziiiuganinues
4 a J o 2 { o < o
Uszaumssinazginsginavesdadoduguninvesusmsnzii Il 1dluiudeyalumsdsulg

A |l
IIDUY
o d
43 msadrpudieesnamnveiszaunisel

av ° J ]
ﬁ]"lﬂfﬂﬁ'f)'f)ﬂLL‘]J‘]J\ﬂu'Jﬁ]fJ"U'O\Tﬂ"liﬁ%)%ulﬂﬂﬁlﬂmﬂ\‘lﬂﬂ!ﬂ"lell@\‘l‘]Jigﬁﬂﬂ"limﬁjﬂﬁiﬂiﬂm?ﬂﬂ§$ﬁ11’l

A X o ° ' 9 A 9 o 7 A Vo '
Yy clf\iﬂjﬂ']iﬂ'lwuﬂﬂqueuﬂ\jm%\ﬂu lW'ﬂﬁi'NU,CUUaﬂqa@\jﬂmﬂqv\lﬂjgﬁuﬂ'ﬁm Tﬂﬂmﬁ)ﬂﬂquﬁ%@fﬂﬂ

v
A o

v K a o g’./ A T 1 = @
ﬂlﬁ]ﬂuﬂﬁﬂ‘kﬂﬂﬂ!$’Jﬁ’)ﬂi'53JﬁTdG]iﬁﬁﬂi“l/]iﬂllu1ﬂ11 ¥uln 4 agslumammmnqmq 18-25 1 nias

=

=2 [ G a o ) =) a Li’ = a (2 )
AnyluszauiSayanes smamedoma lulaggsuns TuusnaiuinwaumImedoma lulaggsuis

a

= Y Y ~ ~a a

Vlﬂﬁgﬂ’ﬂllllllﬂilﬂ 16 Mﬂmm 91ATLTIUTIN 1, DINITLIYUTIN 2, DIATIFINIT 1, DIAITUITIWUIFT,
a o o 4 1 v @

p1MTNIMTUNANYY, 159911130019, IMTFIWAL, NgueIAITHoNNInAnYI, T5awe1u1a und.,

Road Zone 1, Road Zone 2, Road Zone 3, Road Zone 4, Road Zone 5, Road Zone 6 LL81¢ Road Zone 7 i

[ { o @ § [ ] Id 1 o a
uaaaaegld 4.1 Taslisrwamindnuiidisumsnaaey 92 au Tasuailu 16 ngu himsdseiiiv

=

ci 1 1 Y A v =K 1 9 a !d’ Yo tszl/
aw Tyunuaazngu laaen FainAnyudazaudewsziivnnrannmnglnsalinldsuniuanuaz
v 9 F ]
T 12 ase lusmsnunnmuua
) P P Aa & ~
1INMTOONUULNINARDI AoanadeunnglnsaiauninIiundaas ldsunsy AZENQOS #

113013 Call Youtube Facebook Line 1182 Web Browser UUIZUUINIAnnaouN 3G (WCDMA) 1ag

Y
deé 1

) a = o A A ° 1% g
4G (LTE) ﬂ'JEanil]i31,11uﬂ’)’]jJWQW@iﬂﬂ’]ﬂﬂ’]ﬁﬂ’llH”ﬂ'ﬁWgﬂu1u1ﬂ§$Qﬂﬂ1ﬁuﬂ1u3%Uu SHALAASAIN

tnsdsziliui 1 1duaedoyadosdiudronu ldun Jaseduguaimyeansnig (Qos
v

o [ d‘ 9 1 a = ] ] 9 1 é ]
Parameters) d 11150 T sunsunlFamlunaazuimsvzlinamuasg 3 aau l1Aun End Parameters a1

Y v 9
ﬂmaﬁ“lmmazmmiwmmmﬂu 1A aIUVDN Radio Parameters LLAS Data Parameters c?iamammu

Y
=1

s 3 1 a d‘ = 3 1 J U = & % d'
u%umﬂmﬂmmazmmimwuauﬂmmilmﬁﬂm@ﬂumumﬂuiaﬂ “If\iﬁ"liﬂifluﬁﬂﬂﬂﬂzll‘ﬂ 3.3
luaiuvean11]998 Radio Parameters 118 Data Parameters 1155101 3G (WCDMA) e 4G (LTE) 9

' v Ay vy ] ~ ' ] ' A 3
afaven 1dninTusunsy AZENQOS Manua9zisonin All Parameters tag ludoyadiunassaziiu



49

Y =3 A Y o a ' = v A o oA
mwammﬂmuumquwaﬁlw;ﬁflwmmmiﬂizwu“lmmazmmi NOANINNNINITAUUUNIT

A q Yy a = Yy 9 ) - = a ad
LW@GI,'Hm"]ﬂ?u‘ﬂigluuﬂ')'liJWQW’E)G]fMLa’J Gu@uamﬁmmuu%munmmmummiummﬂTuTaam

U QU

4 o o L4
T¢u ieth ldadhaunudassnunmvetsgaumsal

26 8866

&

e80

unilnalemn [ THE Trad HIGH TECHNOLOGY HOUSE

2 dd. o o & .
F Walk Test camn) ~vhnadifigasusnaamTsfaumonin

nuudyufaumiingrdame Tuladgsuns * Do To
MAP OF SURANAREE UNIVERSITY OF TECHNOLOGY

= o a ) = ~
JUN 4.1 ueuEaInedema TuTaggauis
Ay v < 9 1w 1 Y 9 = @ = ~ 9 a 4
Hafl laanmsinudoyavesnguaiodaiuazaesliszauaNuiane leid ldaulseduasuns
o Yy 1y v Y o a L X 4 g v Axvq ¥
5 5za0 laun deenn Yoo wold @ uazdun e lumsnaaesniurzdesnsounguyaniid lHau
sruvann lFunion q fu e udyananielueinis yan llivanzauawanuazainues
D) Yy Aq X 4 a w ~ & < Ve 1 o =
Al aag fedl lununuvanerdoma Tuladgsuis 399 NMINURATDINGNAI081TNANYIAME
Y H 4 Y
Innssumaaiav Ingauuay $uT7 4 TS wougadeyanmuanii 500 yadveyaluudazuims
1&un Call Youtube Facebook Line tiaz Web Browser lagtsiazszuunumalulas 3G (WCDMA) uag

% { 1w 1 ) a J ° % 1 @
4G (LTE) Hsdoyad lannngualedisazgmit 15l umsaimsziuazadsnuusiassgeaniadoaiu

E4
(Y 1

ﬂmﬂ1WﬂJf’N‘]ﬁ 113 (QoS Parameters) PUN9 3 A hlﬁ)uﬂ' End Parameters Radio Parameters L4 ¢ Data
° a 7 v o A J A o oA o Aa ' =
Parameters fnzgﬂm'lahmiwzwmmauwummzﬂ’nwﬂmuu W‘l@ﬂﬂmﬂﬂﬂﬁ]ﬂﬂﬂuﬂ’ﬂﬁﬂﬂ31uwQ‘Wfﬂﬂ

youg I luadranuiiass



50

A v Y A A ' =
431  madenaveaugumuLIMsNaInadenuiane la

AfaveMIUAUAINVYBIUTNIT (QoS Parameters) Tuaua1s 9 laosuie i luuh 3 Wadehn 3.3

= v 3’, Ay v <3 o a 4 o v J 1 1 v 9
CBQ"IJE)H@VIQW11ﬂ“l/lulﬂi]'lﬂﬂ']'iLﬂ‘]Ji'J‘]_l5'JiJ%gunJTJlﬂi'lg‘lfiﬂ?l'lllﬁuwu'ﬁigﬁﬁ1\1ﬂ1ﬂ%%ﬂﬂ1uﬂmﬂ’l‘w€u®\1

o 1

a o = vq ¥ . ¥ A A A
V3TN (QoS Parameters) ﬂmmuummwawa%ﬁuam“lmm (Opinion Score) MU (NONILNIIAA
v A a o { o o s A '
Javenuarwsudunezgniiunldlumsiueazuunquaiwvesdszaumsal iesoinlull
o o 1 = Jq 9 @ A A 1 1 v A
anudunusaonuiane laveosd 19y uazdiauisanszidenaniz ludiuvesnidfoden

sgnov @BIJ’J 8 End Parameters Radio Parameters (L@ ¢ Data Parameters L‘ﬁ DUYNTIUVDINIT A %)1 N
v

9@ 1UEIU All Parameters ¥1IA51

9

o @ A Ay v
LLUU%1§1@QﬂmﬂWW"U@Qﬂigﬁ'UﬂﬁimIﬂﬂﬁ?uu%$u1maﬂaﬂqﬂ
v

EN

b &
a

9
o 7

v o J . o 1 a J o ] 1 a
ANNANUNWUSD (Correlation) Tﬂammmsmmaimwmw"lmﬂuwammgmasmmsmmmmauwuﬁ

a

Ausgauauianely Tasiarsafaiod1ay (Significant) azadulseansanaunus
Y ! '
(Correlation Coefficient) ¥atAaz9ds (F1M5UUIToUANUA Sig<0.05 HI0TTAVANNITO U
1 % d. d 4 § o 4 a
110N 95%) Tasdon Igmmizdate iy l)awSeulan latvua e ldmsidszitiuguninves
L4 @ a 1 a
Usgaun1sal (Quality of Experience) 91n1J938@ 1UAMANINUITNIG (QoS Parameters) Tutaaz U3 ms Iag
A o Ao v o Jw = X 9 ow v o &
onafavenlanuduiusiuazuuuanuiiane lvgwanngadoyanquaediaagl1a dsll
F1suszun 3G (WCDMA) Tundazysmsuaad laaansnan 4.1 §94.5 uazszuv 4G (LTE) Tuuaag
a Y o A =3 & [ 1 dy o Y 9 o
Uinsuaaslanin1inai 4.6 04 4.10 Fadevemiariigniir l) IdTumsadausiassguainves
Uszaumsal

A o A ' =3 a
A15199 4.1 dedendawanonnuiane laluySms Call 3G

QoS Parameters Correlation
Coefficient
setup_duration -0.462

MM _CM_SERVICE REQUEST = to ~CC_SETUP | -0.127

duration

CC _SETUP to CC_ALERTING duration -0.409
Ec/lo Average. 0.119
RSCP Average. 0.090
WCDMA Tx Power -0.103

wexyua 1 |Correlation|>0.09
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2 oA - -
A15197 4.2 Tadendawanonnuiane 19 luUIN13 Youtube 3G

QoS Parameters Correlation
Coefficient

Throughput Download App 0.592
YouTube Duration To First Play -0.446
YouTube Buffering Duration -0.578
Ec/lo Average. 0.214
BLER Average Percent 0.246

Data HSDPA Served Rate 0.520

Data HSDPA Throughput 9.573
HSDPA SBLER on [st transmission -0.219
HSDPA Num Codes Used Avg. 0.207
HSDPA MOD QPSK Percent 0.226
HSDPA MOD 16QAM Percent -0.276
Data HSUPA P Happy bit TTIs 0.224
Data HSUPA P Serving RGCH Up -0.392
Data HSUPA P Serving RGCH Hold 0.267
Data HSUPA P DTX 0.358

Data HSUPA Avg Raw_ Throughput 0.362

Data HSUPA Avg Scheduled Throughput 0.365
Data HSUPA Total E DPDCH_ Throughput 0.246

sk ua 19 |Correlation>0.20
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A13197 4.3 Padendawanonnuiane 19 1uUIN15 Facebook 3G

QoS Parameters Correlation
Coefficient

post photo duration_time -0.375

download photo duration_time -0.235

throughput post photo 0.349

throughput download photo 0.296

Ec/lo Average. 0.249

HSDPA Num Codes Used Avg. 0.200

Data HSUPA P Happy bit TTIs 0.210

Data HSUPA P Serving RGCH Up -0.215

Data HSUPA P Serving RGCH_Hold 0.206

Data HSUPA P _DTX 0.374

Data HSUPA Avg Raw Throughput 0.278

Data HSUPA Avg Scheduled Throughput 0.292

Data HSUPA Total E DPDCH Throughput 0.263

#exf§1111a 11 |Correlation>0.20
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2 v 40 - - ,
A15197 4.4 TadendawanonuNane 19 JuUINIg Line 3G

QoS Parameters Correlation
Coefficient
LINE Load Photo Result Time MS -0.171
Ec/lo Average. 0.170
HSDPA Scheduled Rate 0.141
Data HSDPA Served Rate 0.141
Data HSDPA Throughput 0.146
HSDPA SBLER on Ist transmission -0.185
HSDPA SBLER -0.185
HSDPA Num Codes Used Avg. 0.154
Data HSUPA Avg Raw Throughput 0.206
Data HSUPA Avg Scheduled Throughput 0.199
Data HSUPA Total E DPDCH_Throughput 0.160
wexiyua i |Correlation[>0.10
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A13197 4.5 Tadenaawanonnunane 1 1uuTnN1s Web Browser 3G

QoS Parameters Correlation
Coefficient

Ec/lo Average. 0.202

BLER Average Percent -0110

HSDPA Scheduled Rate -0.124

HSDPA MOD 16QAM Percent -0.154

Data HSUPA P Happy bit TTIs 0.139

Data HSUPA P Serving RGCH Up -0.195

Data HSUPA P Serving RGCH Hold 0.172

Data HSUPA P DTX 0.113

Data HSUPA Avg Raw Throughput 0.204

Data HSUPA Avg Scheduled Throughput 0.224

wrrfyua 19 |Correlation>0.10

AN5197 4.6 Padenaananannunane 1alu13a5 Call test 4G (CSFB Base on 3G)

QoS Parameters Correlation
Coefficient

setup_duration -0.400

CSFB' - EMM_ExtendedServiceRequest to | -0.197

MM_CM_SERVICE REQUEST duration

CC_SETUP to CC_ALERTING duration -0.369

Ec/lo Average. 0.144

R TEeN ) |Correlation|>0.10
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Naananannunane 1o luusms Youtube 4G

d' U
A15199 4.8 129y

QoS Parameters Correlation
Coefficient

Throughput Download App 0.363

YouTube Duration To First Play -0.381

YouTube Buffering Duration -0.632

Avg RSRP 0.128

Avg RSRQ 0.203

Avg RSSI 0.127

PDSCH Traffic To Pilot Ratio arg(1) 0.123

Ite 11 pdsch throughput all carriers mbps arg(1) 0.375

wrrfyua 19 |Correlation[>0.10

fidananoanuiianelaluu3ms Facebook 4G

QoS Parameters Correlation
Coefficient

post_photo_duration_time -0.305

download photo duration_time -0.173

throughput post photo -0.171

throughput download photo 0.130

Avg RSRP 0.162

Avg RSRQ 0.135

Avg RSSI 0.159

CQI CWI[0] arg(1) 0.112

PDSCH Stream[0] Block Size arg(1) 0.146

PDSCH Traffic To Pilot Ratio arg(1) 0.102

PDSCH Stream[1] Block Size arg(1) 0.145

LTE PUSCH Tx Power -0.109

#ex4unlY |Correlation[>0.10
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2 v 40 - - ,
A15197 4.9 TadendawanonuNane 19 luUTNIS Line 4G

QoS Parameters Correlation
Coefficient

Avg RSRP 0.091

Avg RSSI 0.087

PDSCH Traffic To Pilot Ratio arg(1) 0.098

Ite mcs index arg(1) 0.079

syl |Correlation|[>0.06

d' Y d’ U 1 = a
A13197 4.10 AfaveNaananenNunane la 11155 Web Browser 4G

QoS Parameters Correlation
Coefficient

Duration Time -0.535

Avg RSSI 0.098

PDSCH Traffic To Pilot Ratio arg(1) 0.178

LTE BLER arg(1) -0.142

Ite mcs index arg(1) 0.094

wrxyua 19 |Correlation[>0.09
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SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.7576 0.9637 0.9044 0.8505 0.8315

M3190 4.12 MarduRusvo U U e waazUIMs 1usEUY 4G (LTE)

SERVICE Call test Youtube Facebook Line Web

CORRELATION | 0.5834 0.8371 0.7985 0.3732 0.8032
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FAULTAIAINTIT WNATUANU

{ o J 1 o a a
A1519% 4.13 mi’mmiwwmﬂ%%ﬁ’mﬂmmwmmmmﬂummi Call 3G

YodeugaunInueauinis Aunau TP tY
setup_duration 5523 ) doalooni
MM _CM SERVICE REQUEST to CC SETUP | 1276 () poroani
duration

CC SETUP to CC_ALERTING duration 4686 () fearfoani
Ec/lo Average. -7.84 +) ﬁjﬂdmﬂ’h
RSCP Average. -84.67 () AoaAN
WCDMA Tx Power 218 (-) Apatipen
= MUUAAUNMUNUDI QoE Score NAWNANI 3.75
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M3nh 4.14 maduanzimidaseugaamueanims lunsms Youtube 3G

YademuaumMnueIuIns Aunau TP {1tV

Throughput Download App 1610 (+) Ao9UINNN
YouTube Duration To First Play 3.60 “) foatloani
YouTube Buffering Duration 2.10 Q) faarfeeni
Ec/lo Average -8.14 +) éfmumﬂdw
BLER Average Percent 1.08 ) doaunn
Data HSDPA Served Rate 2618 (+) ADIINAN
Data HSDPA Throughput 2400 (+) ApAANN
HSDPA SBLER on st transmission 23.25 (-) deatiounii
HSDPA Num Codes Used Avg. 9.25 (-) Fontosnin
HSDPA MOD QPSK Percent 34.68 (+) #BINAN
HSDPA MOD 16QAM Percent 39.32 () AvaripEnI
Data HSUPA P Happy bit TTIs 83.84 (+) ARAINAN
Data_HSUPA_P_Serving RGCH_Up 1.67 (-) dearlpeni
Data HSUPA P Serving RGCH_Hold 86.13 (+) #9911 N
Data HSUPA P _DTX 61.04 (+) #BINAN
Data_HSUPA_Avg Raw_Throughput 149.13 (+) AD9INAN
Data HSUPA Aveg Scheduled Throughput 133.57 (+) #9931 N
Data HSUPA_Total E DPDCH._Throughput 53.00 (+) #BINAN

o d
#*HIHUAAUNUNUBI QoE Score NAININAN 3.75
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M3nh 4.15 maduanziamfadodugannuesnins luuims Facebook 3G

Yodeugaunnueauing Aunaal Ul
post_photo_duration_time 5.18 Q) foarlaenin
download photo_duration_time 1.43 “) foarioenin
throughput post photo 54.39 (+) AD93NAN
throughput download photo 203.04 (+) ApUINNAN
Ec/lo Average. N.A. N.A.

HSDPA Num Codes Used Avg. N.A. N.A.

Data HSUPA P _Happy bit TTIs 51.15 +) #9931 N
Data HSUPA P Serving RGCH Up N.A. N.A.

Data HSUPA P Serving RGCH Hold NA. NA.

Data HSUPA P _DTX 52.02 (+) #9911AAN
Data HSUPA Ave Raw Throughput 400.40 (+) AoaAAN
Data_HSUPA_Avg_Scheduled Throughput 469.65 (+) ABINAN
Data HSUPA_Total E DPDCH_Throughput 237.99 (+) #paNAAN

o d
#FMUUAAUNMNYDI QoE Score HAINANI 3.75
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M3Nh 4.16 myduanziamlateduganwueims luuims Line 3G

Yodeugaunnueauing AN YR (it

LINE Load Photo_Result Time MS 4697 () Aearfpuni
Ec/lo Average. -12.50 ) #oaunnM
HSDPA Scheduled Rate 141.57 (+) #9911
Data HSDPA Served Rate N.A. N.A.

Data HSDPA Throughput N.A. N.A.

HSDPA SBLER on 1st transmission 37.26 ) Foatesni
HSDPA SBLER 36.66 (-) Aparipen
HSDPA Num Codes Used Avg. 1.13 +) #oIuInNnN
Data HSUPA Avg Raw_ Throughput 209.55 ) #991NAN
Data_HSUPA_Avg_Scheduled Throughput 191.47 (+) ABNAN
Data_ HSUPA_Total E DPDCH_Throughput 36.43 (+) Ap1INNAN

o d
#FMUUAAUNMNYDI QoE Score HAMNANI 3.75

{ o J 1 o a a
A1519% 4.17 mﬁmmfnzwmﬂ%%ﬂﬁ’mﬂmmwmmmmi1uu5ﬂ1s Web Browser 3G

YodeugaunInueauinis Aunau TR {1tV

Ec/lo Average. (dB) -6.30 +) #o1u1nNN
BLER Average Percent 1.08 (-) doalosni
HSDPA Scheduled Rate 7022 (+) AB9NAAN
HSDPA MOD 16QAM Percent 39.71 () Avarioeni
Data_HSUPA_P_Happy bit TTIs 84.93 (+) AoUNNAN
Data HSUPA P Serving RGCH Up 0.20 () Avatioeni
Data HSUPA P Serving RGCH Hold N.A. N.A.

Data HSUPA P DTX 49.38 (+) #B9NAAN
Data HSUPA Avg Raw Throughput 354.32 ) foannnN
Data HSUPA Avg Scheduled Throughput 323.19 +) #9911 N

o d
#FMHUANUNMNVDI QoE Score HAMNANI 3.75
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M3uh 4.18 madunnzimdasodugaamueansmslunims Call test 4G (CSFB on 3G)

Yodeugaunnueauing AN YR (it
setup_duration (ms.) 5500 -) doartosnn
CSFB -  EMM ExtendedServiceRequest  to | 1382 () deatiosni

MM _CM_SERVICE REQUEST duration

CC SETUP to CC_ALERTING duration 3870 () Avaripeni

Ec/lo Average. (dB) -8.02 (+) AB9NAAN

o d
#FMUUANINMNYDI QoE Score HAMNANI 3.75

M3Nh 4.19 msduanziamlatedmuganmuenins luuims Youtube 4G

JadeenunaumnueIuing AN TYRIIrEY
Throughput Download App 1560 +) #o9NAAN
YouTube Duration To First Play 3.33 (-) deatipen
YouTube Buffering Duration 1.73 -) foaresnn
Avg RSRP N.A. N.A.

Avg RSRQ -11.41 (+) #o9NAAN
Avg RSSI NA. N.A.

PDSCH Traffic To Pilot Ratio arg(1) N.A. N.A.

Ite 11 pdsch throughput all carriers mbps arg(1) 2.25 (+) Ao N

o d
#EMUUAAUNMNYDI QoE Score JAMMINNN 3.75
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M3Nh 420 maduanziamdadodugannuesnins luuims Facebook 4G

Yodeugaunnueauing AN YR (it
post_photo_duration_time (s) 5.710 G foatiesni
download photo_duration_time (s) 5.770 Q) foatiosni
throughput post photo (kbps) 31.28 () deatlounii
throughput download photo (kbps) 166.10 (+) A99AAN
Avg RSRP N.A. N.A.

Avg RSRQ NA. N.A.

Avg RSSI N.A. N.A.

CQI CWI[0] arg(1) 523 (+) ANAAN
PDSCH Stream[0] Block Size arg(1) N.A. N.A.

PDSCH Traffic To Pilot Ratio arg(1) N.A. N.A.

PDSCH Stream[1] Block Size arg(1) N.A. N.A.

LTE PUSCH Tx Power NA. NA.

o d
#FMUUAAUNMNYDI QoE Score HAMNANI 3.75

M3nh 421 myduanzimilatemugaun mueuins luuims Line 4G

Jodeugaunnweauinig Aunaal e[ty
Avg RSRP N.A. N.A.
Avg RSSI N.A. N.A.
PDSCH Traffic To Pilot Ratio arg(1) N.A. N.A.
Ite mes index arg(1) N.A. N.A.

o d
##*MUUAAUNMNVYDI QoE Score HAMMNINAN 3.75
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M3nh 422 maduanzimidasodugaamueanins lunsms Web Browser 4G

Yodeugaunnueauing AN YR (it
Duration_Time(S) 5.57 (-) doarioani
Avg RSSI N.A. NA.

PDSCH Traffic To Pilot Ratio arg(1) N.A. N.A.

LTE BLER arg(1) NA. NA.

Ite mcs index arg(1) 3.68 ) #oaNAAN
= MUUAAUNUNUBI QoE Score NAMNNNIN 3.75
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ci 3 d’d 1 \ =< g d' 4 v ~ a2
M1319N 4.23 ﬂ‘ﬂi]ﬂ“l/lll’d\iWEW]E)ﬂ'JHJWQWE)1%%1ﬂwu1/lﬂ§\1mWiJ‘I’iTllﬂiLLﬁngﬂ’muﬂii1"]5ﬁ§Jﬂu°lJiﬂ15

Call 3G lua@Iuv09 End Parameters 1a2 All Parameters

Correlation Coefficient
QoS Parameters

BKK TRAIN | NMA TRAIN

End Parameters

All Parameters

073 067

021

069 063

Eclo 0.15 0.26

RSCP 041
WCDMA Tx Power -0.15 -0.36
WCDMA RSSI 038




70

A o oAA ! =2 dy = [ o = a
M1TNN 4.24 ﬂ“’l]i]fl‘ﬂi]ﬁﬂWﬂ@]f)ﬂ’ﬂl]WQWE]Ql"l]"l]'Iﬂ‘W‘Ll‘V]ﬂ§QLVI‘W31‘H'll!ﬂ5LLa%ﬂﬂﬁ’JﬂuﬂiiﬁfﬁNﬂu‘Uiﬂ]3

YouTube 3G lua@Iuv0d End Parameters 1@ All Parameters

Correlation Coefficient
QoS Parameters
BKK TRAIN NMA TRAIN
End Parameters
-0.66 -0.70
073 -0.81
077 -0.76
All Parameters
037 0.60
-0.66 -0.70
073 -0.81
0.77 -0.76
045
040
041
034
035
042
049 0.65
0.50 0.68
021 032
023
-030
0.39
-0.55
-0.45 -033
0.28
0.23 037
021 035
0.21 034
0.25
038
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A o oAA ! =2 dy A v o = a
M1TNN 4.25 ﬂ“’l]i]fl‘ﬂi]ﬁﬂWﬂ@]f)ﬂ’ﬂl]WQWE]Ql"l]"l]'Iﬂ‘W‘Ll‘V]ﬂ?ﬁm‘wuﬁ'luﬂﬁlmgﬂﬂﬁﬁﬂuﬂii'l“]fﬁilﬂuﬂiﬂ'li

Facebook 3G lu@auued End Parameters 1182 All Parameters

Correlation Coefficient
QoS Parameters

BKK TRAIN | NMA TRAIN
End Parameters
All Parameters
-045 0.22
-0.25
0.20 017
017
-0.18
024
024
-0.16
-0.16
021
0.20
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A o oAA ! =2 dy A [ o = a
M1TNN 4.26 ‘lji]i]ﬂ‘ﬂllﬁﬂWﬂ@]f)ﬂ’ﬂllWQWE]QI"U"D'Iﬂ‘W‘Ll‘VIﬂ§QLVI‘Wll‘H'll!ﬂ5LLa$ﬂﬂﬁ3ﬂuﬂ§§1ﬂfﬁuﬂuﬂiﬂ1i

Line 3G 11@71999 End Parameters 122 All Parameters

Correlation Coefficient
QoS Parameters
BKK TRAIN | NMA TRAIN

End Parameters

All Parameters
035
-0.35 -0.23
Eclo 0.15 0.20
WCDMA Tx Power -0.19
024
0.27
-0.18
-0.22
019
-0.16
0.20 023
018 017
021 014

0.15
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A o oAA ! =2 dy A [ o = a
MITNN 4.27 ﬂ“’l]i]fl‘ﬂllﬁﬂWﬂ@]f)ﬂ’ﬂl]WQWE]QI"U"D'Iﬂ‘W‘Ll‘VIﬂ§QLVI‘W31‘H'll!ﬂ5LLa%ﬂﬂﬁ’JﬂuﬂiiﬁfﬁNﬂu‘Uiﬂ]3

Web Browser 3G JU@I1U09 End Parameters 1182 All Parameters

Correlation Coefficient
QoS Parameters
BKK TRAIN NMA TRAIN
End Parameters
-0.48 0.61
All Parameters

-0.480 -0.611
0.609 0.606
Ec/lo argd) 0.269 0.307
RSCP arg) 0.275
WCDMA Tx Power 0.242
WCDMA RSSI 0235
-0.222
0.354 0449
0456 0461
0.479 0468

-0.233

-0.239
0.249

-0334
-0.269
0.304
0.237
0213
0.220
0.237 0469
0.240 0491
0533 0.508
0325 0.342




74

ti' o ti'd M ' =1 dy ti' v g = a
M1TNN 4.28 ﬂ“’tlilfl‘l/]ilﬁﬂWaﬁflﬂ’.]'lllW\i‘Wﬂﬁl’ﬂmﬂWLl‘V]ﬂ?\im‘wZJ‘H'I‘L!‘ﬂﬁLlazmﬁ?ﬂuﬂii'ﬁfﬁuﬂuﬂiﬂ”l'5

Call test 4G (CSFB Base on 3G) lua@Iuve9 End Parameters 4ta2 All Parameters
Correlation Coefficient

QoS Parameters

BKK TRAIN | NMA TRAIN

End Parameters

All Parameters

-0.76 -0.66
035 042
-0.19
071 -0.56
017
0.25
-0.25 0.32
WCDMA RSSI 0.26
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A o oAA ! =2 tg A [ o = a
M1TNN 4.29 ﬂ“’l]i]EJ‘VIJJENWa@]ﬂﬂ’l'mW\i‘Wﬂhl"l]"l]'lﬂ‘WLl‘V]ﬂ§QL‘VI‘W31‘H'l‘l-!ﬂ5LLa%ﬂﬂﬁ’muﬂiiﬁfﬁNﬂu‘Uiﬂ]3

YouTube 4G 1ua@Iuv09 End Parameters 1@ All Parameters

Correlation Coefficient
QoS Parameters
BKK TRAIN | NMA TRAIN
End Parameters
-0.69 -0.57
-0.78 -0.81
-0.80 -0.83
All Parameters
030 0.56
-0.69 -0.57
078 -0.81
-0.80 -0.83
013
0.15
032
0.14
-0.26 -0.13
-0.18
-0.19
0.30 045
011




A o oAA ! =2 dy A [ o = a
N1 NN 4.30 ﬂ“’l]i]EJ‘VIJJfNWﬂ@]f)ﬂ’l'll]W\i‘Wﬂhl"l]"l]'lﬂ‘W‘Ll‘V]ﬂ§QL‘VI‘W31‘H'l‘l-!ﬂ5LLa%ﬂﬂﬁ’muﬂiiﬁfﬁNﬂu‘Uiﬂ]3

Facebook 4G lu@auued End Parameters 1182 All Parameters

Correlation Coefficient
QoS Parameters

BKK TRAIN | NMA TRAIN

End Parameters

023 017

All Parameters
023 0.17
0.19

A o Aa 1 =2 cg A (2 (2 = a
M1319N 4.31 ﬂi]i]ﬂ‘ﬂllﬁ\iWZW]’t‘]ﬂ’?ﬂllWQW’E]ELGD‘NﬂW‘L!‘Vlﬂ‘g’ﬂl‘l/l‘Wll‘Vﬂuﬂ5Llﬁzfﬂﬂﬂﬂﬂuﬂii1°}5ﬁu11uﬂiﬂ1‘J

Line 4G 1@ 1984 End Parameters 1182 All Parameters

Correlation Coefficient
QoS Parameters

BKK TRAIN | NMA TRAIN

End Parameters

-0.37 -0.23

All Parameters
-0.34
037 023

P

0.19 018
021

0.18

017

0.22

-0.18

-0.20
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A o oAA ! =2 dy A [ o = a
M1TNN 4.32 ﬂ“’l]i]fl‘ﬂllﬁﬂWﬂ@]f)ﬂ’ﬂl]WQWE]QI"U"D'Iﬂ‘W‘Ll‘VIﬂ§QLVI‘W31‘H'll!ﬂ5LLa%ﬂﬂﬁ’JﬂuﬂiiﬁfﬁNﬂu‘Uiﬂ]3

Web Browser 4G 1U@1U09 End Parameters 1182 All Parameters

Correlation Coefficient
QoS Parameters
BKK TRAIN | NMA TRAIN
End Parameters
All Parameters
052 053
0.62 0.50
Avg RSRP 014
Avg RSRQ
Avg RSSI 0.10 018
011
010
033 024
014
021
012
011
024 023
0.50 044
-0.19
014

Ha1a11nA13197 4.23 B9 4.32 uaaen1fassAIUANNINYBIVI NG (QoS Parameters) NIIKA
[ =1 9 é U z:' ] g‘ﬂ o v 1 Y% = z:'
apanuiiane lavesd 190y Femnudtnnuduiussznneltenuazuuuanuiane laudas

I8 naranduWus (Correlation Coefficient) 941998614 ) Havniand11nd 1 vz aanald



78

[l [l
aA '

o gﬂ = a a = g ! Liy o 9 o
puuieesiuiildszansnmnanga adademarinnarseezih ld1F lumsadraundiassgunin
4 o 1 °
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anseesuieluuaaz e IMIai U0 1A 013190 4.33 D4 4.40

{ 1 [ o J o 1 a { {
W"Ii%ﬁ?l 433 MANTUNUTUOIUVUT1004V0UAAZUTNITIUTZVY 3G (WCMDA) ﬂWﬂﬁu‘ﬁ

NFUNNUHIUAT IUTINYDI End Parameter

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.746 0.842 0.447 0.413 0.693

{ 1 [ o J o 1 a c@’ {
A1519% 4.34 AANTUNUTUO IV UIIA0IVBIUAAZUTNITIUTEU 3G (WCMDA) INNURN

AFANNUNIUAT IUAIUUDI ALL Parameter

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.826 0.965 0.837 0.775 0.941

{ 1 o @ 4 o 1 a A‘ {
A1519% 4.35 ATNTUWUTYDUDUTIA0IU0IUAAZUTNITIUTZUY 4G ( LTE) NNUN

AFUNNUNIUAT IUAIUYDY End Parameter

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.759 0.898 0.265 0.500 0.705

{ 1 v o o ' a y {
A3 N 4,36 AMANTUNUTVOUUVTIABIVOWAAZ VTN TUTZVY 4G (LTE) MNNUNNTANNLHIUAT

luaIuved All Parameter

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.835 0.946 0.267 0.884 0.954
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&miN‘ﬁ 4.37 ﬂ1ﬁﬁﬁhWH‘ﬁ"U’rNLL“U‘]Jﬂiﬁﬂﬂﬂl@ﬂllﬁﬁ%ﬂiﬂﬁiuizﬂﬂ 3G (WCMDA) ﬁ]1ﬂﬁu1’]§]\3ﬁjﬂ

UATTIB AN IUAIUVDY End Parameter

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.634 0.919 0.301 0.388 0.787

@ @

{ 1 o @ J o 1 a y A
&5]131\117] 438 MAMTUNUTUDILVVTIA09UDIUADLUTNT IUTE VY 3G (WCMDA) ﬁﬂﬂﬁu‘ﬂﬁ]\iﬁ?ﬂ

UAFI¥AV IUaIUVD9 All Parameter

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.855 0.997 0.937 0.991 0.955

{ 1 o o J o 1 a c@’ { o @
A1519% 4.39 AT TUNUTUD IV UIIADIVDMAAZUTNIT TS U 4G (LTE) NNUNTINIA

UAFI¥AU 1WA IUV09 End Parameter

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.686 0.943 0.204 0.344 0.759

{ 1 o o J o v a 4 { o @
A15199 4.40 AMANFUNUTVDIUVUIIA09Y0IUA Az VT AT IUTL VY 4G (LTE) AN UNIIv I

UAFIFaV IUaIUVDS All Parameter

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.909 0.970 0.356 0.873 0.956
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BKK_TRAIN NMA_TRAIN BKK_TRAIN NMA_TRAIN
End End All All
Parameters Parameters Parameters Parameters

QOE Model QOE Model

(BKK) (NMA)
BKK_TRAIN NMA_TRAIN BKK_TRAIN NMA_TRAIN
QOE MODEL QOE MODEL \ ' QOE MODEL QOE MODEL
(BKK, NMA) (BKK, NMA)  (BKK, NMA) (BKK, NMA)

MAD MAD . MAD MAD
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A A o 7 v 9
A1TINN 441 Lﬂ%ﬂﬂmﬁmtlﬂﬂﬂWﬂﬂﬂﬂﬂ!ﬂTWﬂJ@QlIi%ﬁllﬂﬁiLlUHi%‘UU 3G (WCMDA) ‘tﬂﬂﬂililﬂﬂ1u

AUNWYDILINI 1UAIUYDI End Parameters

CALL 3G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0.187 49,
NMA 0.182 4,

YOUTUBE 3G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0.081 2%
NMA 0.088 2%

FACEBOOK 3G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0.100 2%
NMA 0.113 2%

LINE 3G

QOE MODEL | MAD BKK,NMA | “ERROR
BKK 0341 7%
NMA 0324 6%

WEB BROWSER 3G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0.257 5%
NMA 0271 5%
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A A o 7 v 9
A1T1NN 4.42 Lﬂ%ﬂﬂl“ﬂﬁmllﬂﬂﬁﬂﬂﬂﬂﬂﬂ!ﬂTWﬂJ@QlIi%ﬁllﬂﬁiLlUHi%‘UU 3G (WCMDA) ‘lﬂﬂﬂililﬂﬂ1u

AUNNUBILINS IUAIUYDI All Parameters

CALL 3G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0622 12%
NMA 0512 10%
YOUTUBE 3G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 2331 474
NMA 0688 149
FACEBOOK 3G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0356 7%
NMA 0463 9

LINE 3G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0560 11%
NMA 0604 12%
WEB BROWSER 3G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0714 149,
NMA 0728 15%




83

A A o 2 o Y
M3 1NN 4.43 LIGEJUWIEJULLUTJQWQ’ENQﬂ!ﬂWWﬂJﬂ\iﬂi%ﬁUﬂﬁmUuﬁgﬂﬂ 4G (LTE) ﬂWﬂﬂﬁ]ﬂﬂﬂWHﬂﬂ!ﬂWW

V9313M35 IUaIUVDI End Parameters
CALL 4G (BASE ON 3G)

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0211 ™
NMA 0097 2%
YOUTUBE 4G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0.080 Ty,
NMA 0.086 2%
FACEBOOK 4G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0.149 3%
NMA 0147 3%

LINE 4G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0.105 2%
NMA 0120 2%

WEB BROWSER 4G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0290 6%
NMA 0306 6%
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A A o 2 o Y
AT NN 4.44 Llr%ﬂ‘]_lWIEJULHJ‘]Jmaﬂ\iﬂﬂ!ﬂWWﬂJﬂ\iﬂi%ﬁUﬂﬁmUuﬁgﬂ‘U 4G (LTE) iﬂﬂﬂiﬁ]ﬂﬂﬂ!ﬂﬂ!ﬂWW

V9IUIMI IWaINVDI All Parameters
CALL 4G (BASE ON 3G)

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0.712 149,
NMA 0564 11%
YOUTUBE 4G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0.182 4o,
NMA 0.182 49
FACEBOOK 4G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 2027 41%
NMA 0.226 5%

LINE 4G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0405 8%
NMA 0449 9%

WEB BROWSER 4G

QOE MODEL | MAD BKK,NMA | %ERROR
BKK 0713 149,
NMA 0.807 16%
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Parameters 91NAIA0INGUAI0818 Fauaasnmsidenldadetelunaazvimsvewaaznquiatediala

#99115199 4.45 Tuszuy WCDMA tazlua1s199 4.46 luszun LTE

M3190 4.45 Tadentidamaneanuitane linnvesnguatedsdmnuindnyiufadny ez yana

@

NNV UTLUY 3G (WCMDA) lua@uued End Parameters

Correlation Coefficient
Podeugaummnveuins
e WY
Call 3G
-0.73 -0.55
-0.69 -0.50
Youtube 3G
0.37 0.77
-0.66 -0.63
-0.73 -0.77
-0.77 -0.85
Facebook 3G
-0.45 -0.57
-0.10 -0.63
0.12 0.10
0.20 0.18
-0.12 -0.13
-0.35 -0.28
-0.48 -0.85
0.61 0.78
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M5190 4.46 Tadenlidananea nuitane linnvesnguatedsdummnuiindneiugiadnyuazyana
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g9UVUTLUY 4G (LTE) TuaIuvod End Parameters

Correlation Coefficient
Yadeiugaunnuesusns
) WM
Call 4G (CSFB Base on 3G)
-0.76 -0.64
-0.35 -0.24
-0.19 -0.21
-0.71 -0.58
Youtube 4G
0.30 0.89
-0.69 -0.61
-0.78 -0.84
-0.80 -0.83
Facebook 4G
-0.23 -0.31
-0.10 -0.35
Line 4G

-0.11 -

-0.37 -0.45
-0.52 -0.91
0.62 0.84
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09 4.49

AN 4.47 MARFURUTVOWDUTIA090 Az YT M I IUTZUY 3G (WCMDA) 3108 Un1indns1

v a R A g A 4
Uﬂ!“ﬂﬁﬁﬂﬂ?‘ﬂmﬂwaiuwuﬂﬂéQWIWZJW"I‘Hﬂi

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.772 0.881 0.615 0.546 0.720

J o

A1519% 4.48 AMANFUNUTVDUVVINADIVDAUABLUITNIT IUTLVY 4G (LTE) 1I0AIUNUENANYA

v a R A g A 4
Uﬂ!“ﬂﬁﬁﬂﬂ?‘ﬂmﬂwaiuwuﬂﬂéQWIWZJW"I‘Hﬂi

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.801 0.891 0.437 0.641 0.730

A13197 4.49 AravduitusuowyuTIaevewEaz LI lUTLUY 3G (WCMDA) 3@ unuyana iy

o A A 4
'Vnﬁ1u1’llﬂllWﬁGlu‘WUVIﬂEQWIWN‘HWUﬂﬁ

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.644 0.959 0.878 0.500 0.872

A15199 4.50 Manduiutyewuuiassvoaazuin13 1usz U 4G (LTE) 11ndaunuyanait

o A2 A 4
'VnQTLl‘ﬂLﬂUNﬁGl‘H‘WU‘VlﬂEQWIWII‘HWUﬂi

SERVICE Call Youtube Facebook Line Web

CORRELATION | 0.728 0.931 0.543 0.691 0.943
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LTE - WEB BROWSER SERVICE
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Uszamifion Tunmsmuur Tuuazaivestladendouiiunsoan e lUsuilunsevreld s
4 U 7 Slg’/ 9 = @ 1 1
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M3nh 451 myduanzianisemugamwuesninms luuimslusyuy 3G (WCDMA)

ﬂ v Y a v A ¥ o I 4
VYLNUAMNINUYDIVINIG UNA MU UUILUN
Call 3G
Setup_Duration (ms.) 5013 NA ) Avariean
CC_SETUP to CC_ALERTING duration (ms.) 4402 NA () Aoatiosnn
Youtube 3G
Y v
Throughput_Download_App (kbps) 1631 1477 () ABINNNN
YouTube_Duration_To_First_Play (s) 3.46 4.37 ) foatioann
YouTube_Buffering_Count (n) 2 3 ) festioan
YouTube_Buffering_Duration (s) 9 4.29 ) Aeatieann
Facebook 3G
post_photo_duration_time (s) NA NA ) foatioun
download_photo_duration_time (s) NA NA ) featioan
Y '
throughput post photo (kbps) 60 NA (+) 19NN N
throughput download photo (kbps) 39 116 ) Aoannnn
Line 3G
LINE_Send_Duration (s) 371 NA () Aostioann
LINE_Load_Photo_Duration_MS (ms.) 1690 NA ) Aoatioand
Web 3G
Duration_Time (s) NA 15.8 ) foatioan
Y '
Throughput_Download_App (kbps) NA 1763 (+) A9NNNN
= MUUANINMNURY QOE NAnNnnd 3.75
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v v A o A o Y
ﬂ%ﬂﬂﬂ]uﬂmﬂ]ﬂﬂlﬂﬁﬂiﬂ]i UNA MU !!‘I«!’JI‘HN
Call 4G (CSFB Base on 3G)
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YouTube_Buffering_Count (n) 6 4 ) Avatieun
YouTube_Buffering_Duration (s) 13.58 5.63 ) Aoatioand
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LINE_Load_Photo_Duration_MS (ms.) 5920 NA ) Aoatioand
Web 4G
Duration_Time (s) 5.64 1421 () Aostioann
Throughput_Download_App (kbps) NA 1830 *) Aoannnn
= MUUANINMNURY QOE NAnNnnd 3.75
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uusnlviin BTS aneigyaitn

QoE Score Difference QoE Scor
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A Aa L4 1 a 1
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ABSTRACT

The number of users on mokile networks hes comtmuoushy
increased due o mamy atractive mullimedsa services. According
i this reasom, the service operaiors have io regelarly improve
their networks in order o retain the need of existing users and alsa
atiract the expeciation of new users. Mowadays, the operators
concom  Chality of Exponence {0y metric = the key
performance mdex 1o evaluate the networks rather than Qualsy of
Service ¢(JoS) metric. However, the QoE metric is based on the
viewpainis of domamns es which the es from
users and . petworks might not be correlated. Therefore, in ths
papex, the demonstratiom of nserceniric and network-centric
viewpaints based on QoS mensurement via Drive Testz on mobile
networks is presented The difference viewpaints of (oF denved
from user-centric amd (oS pammeters achieved by netwark-
centric have been imvestigaied through mobile notworks of 1op
three aperators in Thailand. The results indicste that osly some
(305 parameters can provide the same trend as Qo b implies tha
the operators shiuld set some parameters as the higher priogity for
improving the network quality if they want o satisfy the
expenence of usems

CCS Concepts
= Human-centered computing =# Field studies =+ Mobile devices

ards
Usercentric: Cuality of Experience; Netwark-centric: Quality aff
Service; Drive Tests; Long-Term Evolution.

1. INTRODUCTION

The pumber of wers thal access multimedia services oo mabale
networks has steadily moreased |1 For this reason, mobile
apersinrs missi constantly improve their networks o suppant the
increase m traffic for responding users. Usercentne & the key for
enatling operators to refain existing users and aitracting new users
which can provide bepefits o0 mobile consmunication (2} The
apersors certainly need 1o adjust their perspectives by socessing
Permissbon o make dighad of Band copizs ol all oF paryof this work S
persoml or clissroom use & gramiad withou S provided that topies ae
nol msde o d tor perafls o | advestage st thall capesy
bear ks motice: and the S8 cimnos on the first page. To copy atherwise, or
regublish, o posl on servers of 10 redismibule o lEs, fequires prior
specilic  permeses  andew 8 fee.  Reqessl  permbsions  Som
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Liniversity of Technology
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mser satisfaction in lerm of Qualtty of Experience o(oB ), The Qo
is the degree of delighi or snnoyvance of user which is resulied
from the fulfillment of user expeciations with respecting the
engoyment of service an the light of the user's persanality (31 Also,
it can he used 2% 3 measmErement factor to indicate the network
sucoess. In the petwork opiEmomtion, operators must rely on (oS
messuremenis b reflect the perspective of network-centric. These
datn ore msed & informaion for engineers o improve the
metworks. Therefore, Qo and QoS need 1o map the reltionship o
cresie o JoE model Basad oo previows rescarch surveys, we have
found that the (E model was crested ming difforent methods
e different QoS indicsiors as described in [ There & no
pagticular male for (oE model as it jusi depends oo the
requirement of opersiors. who decide the (oS pammeters of
interest o estimaie (o score. Usually, we can measure (oS from
many parts of the notworks while, if focusing on user<centric, (oS
memsurensents shoald be focused on the enddevice. it & well
kmpwn that when operators need o improve thar networks, the
main process i b measure (oS @ the end-device wilth Drive or
Walk Testz (51 The operators give the importance on many
pammeters that are the key =ed for improving the networks
Improving metwork performance by adjustmg Electracal Tile (E-
Tilts aned Mechamical Tili (M-Tilty and adjusting the approprobe
pawer anienna has been described in T8 These researches
aimed at increasing the Signal o Inlerference and Moise Ratio
SN whech is the Radic pammeter in LTE networks affecting
the downlink transfer of informatian between Evolved Node B
ieModeByand User Eguipment (UEymore efficientiy. The SINR. is
o pammeicr that operatons really concern, which can be used 1o
predict QoE by the model that kas been created [©gi0) In fact,
Eadio parameters may not be able v reach e satisfaction
because (kaE is an endsser endicator (1 1) End pammeters amne the
pammeters that wsers can recognie such os respond time, speed.
jexk of video clips, etc. Radio pammeters are the parameters that
involves mir mierface. Hence, we use dbe End pammeters and
Raidio parameters to evaluate the Q0B from the model created
sing e methodalegy of our research presented previoushy (1231
is 0 Gl modelmg with an Anificial Newrad Networks tANM
method which iz an effective omd Mexible way to choose (oS
parameters for evalsting Qok.

However, it & the fact tha the viewpomis of (ol from users
might nat be the same as metwork's viewpoints. Therefore, in this
pagper, the o pon of Dol diff: e | user-cenirse
and network-cenimic viewpoints i presented. By collectimg QoS
pamameters with Drive Tests for YouTube service om mobile




networks, the Qok model can be created and wsed o evalume the
network  performances (122 The measurements have been
performed through the mobile networks of top three operators m
Thailand. Then this paper compares the resels fom thee
operalors o measure the soocess of netwark hased on usercentric
using Cof memric and network-centric using QoS metnc. The
resalts are preliminary dat@ for operaiors to mprove the network
mnd bhe mmporiant informaitan for the deeper shsdy of QoE
rescarch i the near fishere.

The remainder of this article is organized & follows: The QoS
paremeiters and QoF modd are explamed in Section 2 Section 3
presenis the design and methodology of the conducied rescarch
The expenmental resuhs are discussed in Section 4, and Secton 5
conchsdes the paper.

1, QOS PARAMETERS AND QOE MODEL
L1 QoS parameters

In this paper, the parameters which can be measured from specific
devices 1o collect dain for the use in opemtions are on focus as
shawn in Figure. 1 (3¢ The QoS parmmeters are divided imto two
pans: 11 End parameters consisiimyg of Throughpuen Download and
Buffering Durmation snd 2 Radis parsmeters cossisting of
Reference Signal Received Power and Sigeal to Interference and
Moese Raten. These pammeters can be measured by some specific
devices which are described az follows.

- Throughput Downlad (TIk is a2 average  downbond
throughput from application layer of YouTube session
represented in kilohits per second tkbpsumit

£ Bufferng Dwemtion (BDhis the sum of bufferng duration m
YouTube session represented in second ) unit The BD

should be egual to 0 or close o 0 becanse it is o
measurement of the twitching of clips in YouTube

- Reference Signal Received Power (R5RPiis a cell-specific
=gnal strength relaied 1o metric that is usad 25 an input for
cell resectson and kandover decisions, which is representad
by decibel-milliwatts odBmy unit.
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Figure L. Application and tooks for Drive Tests.

- Signal i Interference and Moise Ratio (3INRi & the miio of
the signal power to the summation of ihe average
mierference power fram the ather cells and the background
maise presenbed in decibed odBy unit. Operators focus an
SINE to increase network efficiency [
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2.2 QuE mode
oE model was crested uming the methods from our previous
research [ 12] to be usald for predicting Col from (oS parameters
which consist of TD, BD, B5RF, and SINE on ¥YouTube service.
For (QoE prediction, (o5 parameters are entered imio (1) and {4)
for evalumimg the Qok score.

¥ = Flx ®owy —8) L]

1
oY=y 2
e = Fly X w— ) £
ok =53, i)

For wy;. Wy, &, @y and 1 which are codfficsent values within the
o model, these coefficients have obnined ffom the resubt af
mideling process using the collecied dataseis from the group of
defined wsers with the suhjective evalustson method m the real
enviroement. The comrelation coefficient of created QoE muodel
was equal o 0.7 which shown a good model These can be
expressed as

0292 0288 0285

_ |21 case sase| ﬁ;ﬁ
= |-oms o084 pogs [T [T
0111 0020 —0470 A

& =[3113 2362 1746], 8, = [0.577]
o= [00D2TD —QOSARD OOIRRIRE 02IESINR]
3. METHODOLOGY
3.1 QoS measurement

o ¥ T

S, »€ B'qr!

| 49
Figure 2. The reute for Drive Test measurements.

For Drive Tests, the specific rouie is on BTS Sukhumyvin Line,

Bangkok. Thailand for three opemtors as shown in Figare. 2. The

meason o select this rowte is becsuse there are many paople

accessing mobile services aof three opermors everyday while

traveling on the train We ased the specific smariphones equipped



with applications for collecting the data and travelled with the
other pasengers oo e tmin o mesare QoS pammeters
throughout  the roste staning from MO CHIT saton o
BEARING station

There are three soartphones to measure QoS parameters. Heresn
this paper, three aperators are named as Opetor A, Opermor B
mnd Operator O The messuring smariphones for all opermors are
st up by Drive Tests applications with the same set of pammeters
and m the same enviromment 1o test the quality of these opemalors.

3.2 QuE estimation

QoS pammeters consisting of TD, BIX RSEP, and SINR are
entered inta the Qo model in onfer to predict te (oE scones.
The cquations m {1 }={4) are converted into (5 ) for the purpose of
easier understanding.

QoE = f(TD, BD, RERP, SINE) {5
The resulis of the QoE evaluation are ranged from | io 5, where |

means the worst expenence and 5 means the best experience
scoording to [TLU=T P00 standands [14]

4. RESULTS AND DISCUSSIONS

By collecting (hoS parameters with Dirive Tesis smanphones on
‘e route shown in Figere, 2 the ChaE can be evalunted by using
5L The messured data are filered first in order 40 screen anky
regquired parameters and then feed mio the Qok mode w predict
e QoE score The samgple daia collected from Operator A,
Operaior B and Operior C are sheren in Table 1, Table 2 and
Tahbe 3, respectively.

Table I. The infermation of Operater &

Painiy (' parimetees [
Threughput  Buffering  RSRP  SINR
e il D st i wiBnn iy
kbpes ]
1 190 a -TLEX 1434 454
2 14 ] ~TL9L 1643 455
1m 19 -] -TRE3 IE3 455
Table L The infermation of Operator B
Puaints o’ pafneters ek
Throughpst  Buffering ~ RSRP  SINR
Do il Diir wtiam ol B
ikl i
1 1904 =] -Ti3h 5L am
2 IRER a -rraT I L 493
4 LEAEL a 4331 1and 4
Taoble 3. The infermation of Operater C
[ [ Juk
Throughput Bulffering RSRFF  SINR
Dhivimdasil Dhar i wllEiin il
i il =

] 3T a Az i ] 491
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4.1 User-centric result

The results from the collecting data af the (of parameters on the
WouTube service in cach opermior were entered mio e Qolt
model i predict the QaE score. The mensusrements took shout 40
minmtes from MO CHIT station o BEARING station. Each. point
of menasremenis took shoul 10 seconds. Therefore, mane than 240
duta points are collected for each operaior. The resulis obtained
from all points are used to comparie the nverage of Qok value o
reflect i the user-centric viewpoint as shown in Figure 3.

As seen m Frgure. 3, the Opematar A provides the best experience
from the viewpoint of users while Operaior B goves the wanst
experience among three opemtors If opermors assume that Qo
will reflect o every (oS parameter, then the wend of all Qo3
paramedens should provide the same trend as showm m Figore, 3.
Haowever, this assumpizon is not true which the resulis in the next
section will demonstrate the confirmation.

4.2 Network-centric result

".I‘nlrm Qak
‘

Crpesnioe A Operator B Ohpeeragor C
Figure 3. Average (JoE of each s peraior rom user-
cemtric viewpaints

For metwockcenirss viewpomts, this paper investigsies the
conventional key pammeters o reflect the quality of mobile
naworks These pammeters are Throughpan Download (TDy,
Buffering Dumtion (B0, BSRP and SINE The apermiors usc
these s o i the netwaork quality The resubls from
the collecting dma of (oS imeach wene
used 0 find the mvemge walue for comparing amoog three
CPETLTS.

Fegure 4. 1o Figore 7. demonstrate the avernge Throughgut
Dawnboad, average Bofering Dumtion, average RSRP and
average STNR, respectively. As seen in Figure 4, the average TD
af Opermior A provides the best performance and Operator B
gives the worst This wend is stll happened for Figure3. and
Figure 6. Operaiar A provides the best average BD and average
RSEP while Operator B gives the waorst BD and RSRP. However,
interestingly, the results i Figure 7. does mot reveal the same




conclusion as the previous figures. In Figare, 7. Operaior C
peovides the best perfi of SINR and Operatar B sill gives
b wrarst SIMEL

4.3 Discussions

This paper demonstraies the viewpaints of wsercentric via (oE
and network-ceniric via (oS parameters for YouTube services
which is one of the most popular zervice an mobile networks. In
Section 4.1, the (oE as nsercentric vicwpoint & o measurement
of entrepeencurial success. The pood expenience of wsers is the
most importance facior for operalars oo gHEin mone users.

Crperatwr C
Figare 4. Average Throughput Dewnload of each
sperator from setwork-centric viewpoinks.

Piperaiar 11

.\'I-;l'u! Thrsmighpan Deawn il
{khps}

Dperator B

Average Biillering Durstlan {s)

Uperaior A Uperaiar €

Figure 2 Average Buffering Durntion of each operator
from metwork-cemiric viewpoinis.

The results in Section 4.1 indicate that Operator A obixins the
highest average QoE and followed by Operator C and Cperatar B
respectively. However, this trend & valid for only some (oS5
parameters as shawn in Section 4.2 when considermg the netwaork.
ceniric viewpoints through (oS p ki is found thai the
average SINR of Opernior C is the kighest and is fodlowed by
Operator A and Operator B respectively. This finding is very
important o Opemeor © because iF Operatar © is happy with the
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network-centric viewpoinis as SINE, then # can misiead Opemior
T o improve the gquality of network.

5. CONCLUSIONS

Usercentric viewpaint is an importnt index used bo improve the
naworks because ot can reveal the satsfaction of wsers vz (o
metric. The results of this research have shown thai the sser-
centric and networkcenire viewpomis have some coosistent
layouts, The SINR is o radio parameter that opersiors musi focus
an in improve their networks all the tme. However, this paper has
foumd that i is inconsistent from ranking the CoE of operators.
The avemge SINR of Operator O is greater than other apemiors,

l
44,03

Figure & Avernge RSRP of cach eperator from
network-centric viewpoinis.

Aversge HERP (dBm

Aversge SINK (1B}

»

Operator A Dperatur ©

Ohperainr B

Figure T Average SINR of each sperator from network-
‘cemiric viewpulais.
hthwmdwfﬁlmmmm

The configuraizons within the metwork of each operaior such 1=
bamdbwidth, frequency, mdio resource allocatsan, efc. may cawse

these resules This paper suggess tha the opembars could consder
}aE metric 2% o high prionty for mmproving the netwark guality if
they want 1o satisfy the experience of wsers.
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