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PATIKORN ANCHUEN : QOE MODEL IN MOBILE NETWORKS
BASED ON QOS MEASUREMENTS USING NEURAL NETWORK
APPROACH. THESIS ADVISOR : ASSOC. PROF. PEERAPONG

UTHANSAKUL, Ph.D., 117 PP.

QOE/QOS/ANN

At present, mobile networks are constantly evolving and the number of users is
constantly increasing in access to multimedia services, which are contributing to the
cconomic value of service providers. The factor that will be a key indicator of the
service provider is the user satisfaction gained by 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 help 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 they




have not obtained 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 success of this research will reflect the quality
of the experience so that service providers will improve the quality of the service to

maintain and satisty users.
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[http://alaska.reru.ac.th/text/ann.pdf]
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[http://alaska.reru.ac.th/text/ann.pdf]
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[http://alaska.reru.ac.th/text/ann.pdf]
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A13199 4.1 Tasenaanadoanunane laluusns can 3G

QoS Parameters Correlation Coefficient
setup_duration -0.462
MM_CM_SERVICE REQUEST to CC_SETUP duration -0.127
CC_SETUP to CC_ALERTING duration -0.409
Ec/lo Average. 0.119
RSCP Average. 0.090
WCDMA Tx Power -0.103




A o oA ' = a
A15197 4.2 Tavendananennunane laluuSns Youtube 3G
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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 Ist 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




A o oA ' = a
A15197 4.3 Tavenadananenuinane la1uu5n1s 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
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M3 4.4 Jadendiwaaoanunane laluuinig Line 3G
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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

A o A ' = a
A1519% 4.5 Jevenaswanennuinanalaluusms 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




A13199 4.6 Tavenaananonnuane laluuS s Call test 4G (CSFB Base on 3G)

61

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

A1319% 4.7 davenasnaneanuinanslaluuims Youtube 4G

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




A o oA ' = a
A15197 4.8 Tavendananonuinane 1a1uu5n1s Facebook 4G
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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 CWI0] 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

A1319% 4.9 asenaswaneanunans laluusng 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
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A13199 4.10 adenasnanennunanelaluuinig 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
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FMSUTLUY 3G (WCDMA) luudazusmsnand laaan1s1an 4.13 94 4.17
1 a Y o d‘ = é Y 1 dy
HAzIZUD 4G (LTE) lunaazuimisuaalanin1sei 4.18 09 422 Feilademariiazgn

[ Y
il iludeyalumsdSullsandornoduaasdemseadiuaisil

{ o J @ a a
A1519% 4.13 ﬂﬁﬁ\ilﬂ'ﬂ%ﬁﬂTﬂ%ﬂﬂﬁHuﬂﬂ!ﬂWWGUEN‘UiﬂTiGlu‘Uiﬂﬁ Call 3G

YadeeugunnvaIu3Ins Aunau TYRIIFEY
setup_duration 5523 “) foatioani
MM _CM_SERVICE REQUEST to 1276 () doarioanm

CC_SETUP duration

CC_SETUP to CC_ALERTING duration 4686 () doarioanm
Ec/lo Average. -7.84 +) #0911

RSCP Average. -84.67 (+) #p411AN

WCDMA Tx Power -2.18 (-) Aoatloan

o 4
= IHUAAUNMNVBI QoE Score NAININI 3.75




{ o J @ a a
A1519N 4.14 ﬂﬁﬁ\ilﬂ'ﬂ%ﬁﬂTﬂ%ﬂﬂﬁHuﬂﬂ!ﬂWWGUEN‘UiﬂTiGlu‘Uiﬂﬁ Youtube 3G

66

Yaduiugun e auins Aunau TYRITEY
Throughput Download App 1610 +) #9911 N
YouTube Duration To First Play 3.60 “) foariaenin
YouTube Buffering Duration 2.10 G foatloani
Ec/lo Average -8.14 +) foauAN
BLER Average Percent 1.08 +) g’]’mmﬂh
Data HSDPA Served Rate 2618 (+) AD4UAN
Data HSDPA Throughput 2400 (+) Ap91AN
HSDPA SBLER on st transmission 23.25 (-) Aoatloan
HSDPA Num Codes Used Avg. 9.25 ) doaloenm
HSDPA MOD QPSK Percent 34.68 (+) AIu1IN N
HSDPA MOD 16QAM Percent 39.32 () doarfpen
Data_HSUPA_P_Happy bit TTIs 83.84 (+) AB9NAN
Data HSUPA P Serving RGCH Up 1.67 (-) Aoatioan
Data HSUPA P Serving RGCH Hold 86.13 (+) ABAAN
Data_HSUPA P DTX 61.04 (+) AB9NAN
Data HSUPA Avg Raw Throughput 149.13 () AoININN
Data HSUPA Avg Scheduled Throughput 133.57 +) foa1n N
Data_HSUPA Total E DPDCH_Throughput 53.00 (+) #BAAN

o 4
= FHUANUNMNYDI QoE Score WA131AI 3.75




{ o J @ a a
A15190 4.15 ﬂﬁﬁ\ilﬂ'ﬂ%ﬁﬂ1ﬂ%ﬂﬂﬁ1uﬂﬂ!ﬂWWGUEN‘UiﬂTiGlu‘Uiﬂﬁ Facebook 3G

Yadeeugunvau3Ins Aunau TYRINFEY

post_photo_duration_time 5.18 Q)] foatloanm
download photo_duration_time 1.43 “) foatloani
throughput post photo 54.39 +) fo911n N
throughput download photo 203.04 +) #9911 N

Ec/lo Average. N.A. N.A.

HSDPA Num Codes Used Avg. N.A. N.A.
Data_HSUPA P _Happy bit TTIs 51.15 (+) ABANAN

Data HSUPA P Serving RGCH_Up N.A. N.A.

Data HSUPA P Serving RGCH Hold N.A. N.A.
Data HSUPA P_DTX 52.02 (+) #p411AN
Data_HSUPA_Avg Raw Throughput 400.40 (+) ABNAN
Data HSUPA Avg Scheduled Throughput 469.65 +) f991n N
Data HSUPA Total E DPDCH_Throughput 237.99 (+) AB4NIAN

o d
=+ HUANINMNYDI QoE Score HA131NIN 3.75




68

{ o J @ a a
A1519%N 4.16 ﬂﬁﬁ\ilﬂ'ﬂ%ﬁﬂWﬂ%ﬂt’J@%uﬂﬂ!ﬂWWGUEN‘UiﬂﬁGlu‘Uiﬂﬁ Line 3G

Yadeeugunvau3Ins Aunau TYRINFEY
LINE Load Photo Result Time MS 4697 (-) feariouni
Ec/lo Average. -12.50 +) foauAN
HSDPA Scheduled Rate 141.57 (+) AB4UIAN
Data HSDPA Served Rate N.A. N.A.
Data HSDPA Throughput N.A. N.A.
HSDPA SBLER on st transmission 37.26 (-) Aoatloan
HSDPA SBLER 36.66 (-) Aoatioan
HSDPA Num Codes Used Avg. 1.13 +) ﬁﬂﬂ‘lﬂﬂ?h
Data HSUPA Avg Raw Throughput 209.55 (+) #pa11AN
Data HSUPA Avg Scheduled Throughput 191.47 (+) #p411AN
Data_HSUPA_Total E DPDCH_Throughput 36.43 (+) ABNAN
#x£MUUAAUNUNUDI QoE Score NAMINI 3.75

A o Jd @ =) a2
AT NN 4.17 ﬂ1‘§ﬁ'\uﬂi1$°ﬂ?ﬂﬁiﬁ]ﬂﬁ1Uﬂmﬂ1WﬂlfN‘UiﬂﬁcluUfiﬂ1i Web Browser 3G

YadeiugumnvyauIns Aunau TYRIIFEY
Ec/lo Average. (dB) -6.30 +) FoI1 N
BLER Average Percent 1.08 ) foaloenm
HSDPA Scheduled Rate 7022 (+) AB9NAN
HSDPA MOD 16QAM Percent 39.71 (-) doatloanN
Data HSUPA P Happy bit TTIs 84.93 (+) #BANAN
Data HSUPA P Serving RGCH Up 0.20 (-) Aoatioan
Data HSUPA P Serving RGCH Hold N.A. N.A.
Data_HSUPA P DTX 4938 (+) AB9AN
Data HSUPA Avg Raw_Throughput 354.32 +) foa1n N
Data HSUPA Avg Scheduled Throughput 323.19 (+) fauAN
weMUUAAUNMINYDI QoE Score NAIMIN 3.75
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{ o J @ a a
A1519% 4.18 ﬂﬁﬁ\ilﬂ'ﬂ%ﬁﬂ1ﬂ%ﬂﬂﬁ1uﬂﬂ!ﬂWWGUEN‘UiﬂTiGlu‘Uiﬂﬁ Call test 4G (CSFB on 3G)

Yadeeugunvau3Ins Aunau TYRINFEY
setup_duration (ms.) 5500 ) foaloanm
CSFB - EMM_ExtendedServiceRequest to 1382 (-) Aoatioan
MM_CM_SERVICE REQUEST duration
CC_SETUP to CC_ALERTING duration 3870 () doarioanm
Ec/lo Average. (dB) -8.02 +) Foa1 N

o d
= IUUAAUNMN VB QoE Score NAININI 3.75

{ o d @ a =
Gﬂi'l\iﬁ 4.19 ﬂ1§ﬁ'\1lﬂi1$°ﬂﬂﬁjiﬁ]ﬂﬁ?ﬂﬂmﬂ1well’f]\‘lﬂiﬂﬁclu‘ﬂﬁﬂ1i Youtube 4G

faduiugaunnvaauins Aunau TYRIIFEY

Throughput Download App 1560 (+) foa1n N
YouTube Duration To First Play 3.33 “) foatloani
YouTube Buffering Duration 1.73 “) doaripenin

Avg RSRP N.A. N.A.
Ave RSRQ -11.41 (+) AN

Avg RSSI N.A. N.A.

PDSCH Traffic To Pilot Ratio arg(1) N.A. N.A.
Ite 11 pdsch throughput all carriers mbps arg(1) 2.25 +) fo91n N

o d
#**IUUAAUNMN VDI QoE Score NAININI 3.75
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{ o J @ a a
A15197 4.20 ﬂﬁﬁ\ilﬂ'ﬂ%ﬁﬂTﬂ%ﬂﬂﬁHuﬂﬂ!ﬂWWGUEN‘UiﬂTiGlu‘Uiﬂﬁ Facebook 4G

Yadeeugunvau3Ins Aunau TYRINFEY

post_photo_duration_time (s) 5.710 Q)] foatloanm
download photo_duration_time (s) 5.770 “) foatloani
throughput post photo (kbps) 31.28 “) foariaenin
throughput download photo (kbps) 166.10 +) #9911 N

Avg RSRP N.A. N.A.

Avg RSRQ NA. NA.

Avg RSSI N.A. N.A.
CQI CW[0] arg(1) 523 (+) doIuINN

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 N.A. N.A.

o d
#FHIHUAAUNMNVYDI QoE Score WA131AI 3.75

A o d @ a a
AT NN 4.21 ﬂTiﬁ'\uﬂﬁ'lgWﬂ'lﬁi]’ﬂﬂ@aﬁuﬂmﬂ'lwellf]\?‘ﬂiﬂ']ﬁsluﬂﬁﬂ'ﬁ Line 4G

Yadeiugaunnvaausns Aunau TYRIIFEY
Avg RSRP N.A. N.A.
Avg RSSI N.A. N.A.
PDSCH Traffic To Pilot Ratio arg(1) N.A. N.A.
Ite mcs index arg(1) N.A. N.A.

o d
= FHUANINMNYDI QoE Score N30 3.75
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{ o J @ a a
A15190N 4.22 ﬂﬁﬁ\ilﬂ'ﬂ%ﬁﬂ1ﬂ%ﬂﬂﬁ1uﬂﬂ!ﬂWWGUEN‘UiﬂTiGlu‘Uiﬂﬁ Web Browser 4G
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Correlation Coefficient
QoS Parameters
BKK TRAIN NMA TRAIN

End Parameters
setup_duration -0.73 -0.67
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Correlation Coefficient

QoS Parameters

BKK TRAIN NMA TRAIN
End Parameters
YouTube Duration_To First Play -0.66 -0.70
YouTube Buffering Count -0.73 -0.81
YouTube Buffering Duration -0.77 -0.76
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YouTube Duration To_ First Play -0.66 -0.70
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RSCP - 0.40
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WCDMA RSSI - 0.34
BLER Average Percent - 0.35
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Data HSUPA P DTX 0.23 0.37
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Correlation Coefficient
QoS Parameters
BKK TRAIN NMA TRAIN
End Parameters
post_photo_duration_time -0.45 -0.22
All Parameters
post_photo_duration_time -0.45 -0.22
download photo_duration_time - -0.25
throughput download photo 0.20 0.17
Ec/lo 0.17 -
WCDMA Tx Power - -0.18
Data HSDPA Served Rate - -0.24
Data HSDPA Throughput - -0.24
HSDPA SBLER on 1st transmission -0.16 -
HSDPA SBLER -0.16 -
HSDPA MOD QPSK Percent - 0.21
Data HSUPA P DTX 0.20 -
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Correlation Coefficient
QoS Parameters
BKK TRAIN NMA TRAIN
End Parameters
LINE Load Photo Duration MS -0.35 -0.23
All Parameters
LINE Send Duration - -0.35
LINE Load Photo Duration MS -0.35 -0.23
Ec/lo 0.15 0.20
WCDMA Tx Power - -0.19
Data HSDPA Served Rate - 0.24
Data HSDPA Throughput - 0.27
HSDPA SBLER on 1st transmission - -0.18
HSDPA SBLER - -0.22
HSDPA Num Codes Used Avg. - 0.19
Data HSUPA P Serving RGCH_Up - -0.16
Data HSUPA P DTX 0.20 0.23
Data HSUPA Avg Raw_Throughput 0.18 0.17
Data HSUPA Avg Scheduled Throughput 0.21 0.14
Data HSPAP MOD 64QAM Percent 0.15 -
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Correlation Coefficient
QoS Parameters
BKK TRAIN NMA TRAIN
End Parameters
Duration_Time -0.48 -0.61
All Parameters

Duration_Time -0.480 -0.611
Throughput Download App 0.609 0.606
Ec/lo arg(1) 0.269 0.307
RSCP arg(1) - 0.275
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WCDMA RSSI - 0.235
BLER Average Percent - -0.222
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Data HSDPA Served Rate 0.456 0.461
Data HSDPA Throughput 0.479 0.468
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Correlation Coefficient
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End Parameters
setup_duration -0.76 -0.66
All Parameters
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YouTube Duration To First Play -0.69 -0.57
YouTube Buffering Count -0.78 -0.81
YouTube Buffering Duration -0.80 -0.83
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Throughput Download_App 0.30 0.56
YouTube Duration To_First Play -0.69 -0.57
YouTube Buffering Count -0.78 -0.81
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Avg RSSI - 0.15
PDSCH Stream[0] Block Size -0.32 -
PDSCH Traffic To Pilot Ratio - 0.14
PDSCH Stream[1] Block Size -0.26 -0.13
LTE BLER = -0.18
Ite mes index -0.19 -
Ite 11 pdsch throughput all carriers mbps 0.30 0.45
LTE PUCCH Tx Power -0.11 -
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Ite tx power -0.17 -
Ite mcs index 0.22 -
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LTE PUSCH Tx Power -0.14 -
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MODEL MAD %ERROR

CALL 3G
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NMA 0.182 4%

YOUTUBE 3G
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NMA 0.088 2%
FACEBOOK 3G

BKK 0.100 2%

NMA 0.113 2%
LINE 3G
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NMA 0.324 6%

WEB BROWSER 3G
BKK 0.257 5%
NMA 0.271 5%
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Correlation Coefficient

Dna WINNY
Call 3G
Setup_Duration (ms.) -0.73 -0.55
CC SETUP to CC_ALERTING duration (ms.) -0.69 -0.50
Youtube 3G
Throughput Download App (kbps) 0.37 0.77
YouTube Duration To First Play (s) -0.66 -0.63
YouTube Buffering Count (n) -0.73 -0.77
YouTube Buffering Duration (s) -0.77 -0.85
Facebook 3G
post_photo_duration_time (s) -0.45 -0.57
download photo_duration_time (s) -0.10 -0.63
throughput post photo (kbps) 0.12 0.10
throughput download photo (kbps) 0.20 0.18
Line 3G
LINE Send Duration (s) -0.12 -0.13
LINE Load Photo Duration MS (ms.) -0.35 -0.28
Web 3G
Duration Time (s) -0.48 -0.85
Throughput Download App (kbps) 0.61 0.78
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Correlation Coefficient

Ve WY
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Setup_Duration (ms.) -0.76 -0.64
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(ms.)
CC SETUP to CC_ALERTING duration (ms.) -0.71 -0.58
Youtube 4G
Throughput Download_App (kbps) 0.30 0.89
YouTube Duration To First Play (s) -0.69 -0.61
YouTube Buffering Count (n) -0.78 -0.84
YouTube Buffering Duration (s) -0.80 -0.83
Facebook 4G
post_photo duration time (s) -0.23 -0.31
download photo_duration_time (s) -0.10 -0.35
Line 4G
LINE_Send_Duration (s) -0.11 -
LINE Load Photo_Duration: MS (ms.) -0.37 -0.45
Web 4G
Duration Time (s) -0.52 -0.91
Throughput Download_App (kbps) 0.62 0.84
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11nM51aen1Ta90AUABATNUBIUI NS (QoS Parameters) THULABLUINITAY

A Y g’z 1 v A 1 4 o
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M15199 4.51 myduaszimiitsaugunimvesinmsuuimsluszuy 3G (WCDMA)

Podeshunmnnueanins Uoudia Jumau MY fvEY

Call 3G

Setup_Duration (ms.) 5013 NA -) doafoann

CC SETUP to CC_ALERTING duration (ms.) 4402 NA () doariesnn

Youtube 3G

Throughput Download App (kbps) 1631 1477 (+) #9911 N

YouTube Duration_To_First Play (s) 3.46 437 () poariesn

YouTube Buffering_Count (n) ) 3 (-) foutosni

YouTube Buffering Duration (s) 9 4.29 (-) foutosni

Facebook 3G

post_photo_duration_time (s) NA NA () doariesnn

download photo_duration_time (s) NA NA (-) Aeariouni

throughput post photo (kbps) 60 NA (+) doauNAN

throughput download photo (kbps) 39 116 ) FoanAN
Line 3G

LINE_Send Duration (s) 3.71 NA (-) fAparipeni

LINE Load Photo Duration MS (ms.) 1690 NA (-) Aparipeni
Web 3G

Duration_Time (s) NA 15.8 (-) Aearieun

Throughput Download_App (kbps) NA 1763 (+) #9911 N

o d
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PJoduiugaunnuesusns Vaudin Joiha TYRIFY
Call 4G (CSFB Base on 3G)
Setup_Duration (ms.) 5370 NA (-) foafoann
CSFB (ms.) 1117 NA () doaoon
MM_CM_SERVICE to CC_SETUP duration v ,
117 NA (-) foUBDINN
(ms.)
CC_SETUP to CC_ALERTING duration (ms.) 3715 NA (-) Aearioen
Youtube 4G
Throughput Download App (kbps) 1696 1588 (+) #9931 N
YouTube Duration To First Play (s) 3.6 4.67 Q) foarfeenn
YouTube Buffering_Count (n) 6 4 (-) doutosni
YouTube Buffering Duration (s) 13.58 5.63 (-) doutosni
Facebook 4G
post_photo_duration_time (s) NA NA (-) doutosni
download_photo_duration_time (s) NA NA (-) Aeariouni
Line 4G
LINE_Send Duration (s) NA - (-) Aoadoann
LINE Load Photo Duration MS (ms.) 5920 NA (-) Aeariouni
Web 4G

Duration_Time (s) 5.64 14.21 () poariesn
Throughput Download App (kbps) NA 1830 (+) #9931 N
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QOE Model in Cellular Networks Based on QOS
Measurements Using Neural Network Approach

Patikom Anchuen, Peerapong Uthansakul, Monthippa Uthansakul
School of Telecommunication Engineermg, Swanaree University of Technology
Muang, NakhorRatchasima, Thailand 30000
Email: m584074 8@z sut.ac_th, uwthansakulidsut ac.th and nupi@satac.th

Abstracr— In the past, the Quality Of Service (Q03) was the
key performance of every metwork becamse it could be really
measured and helped engineers to improve the network services.
However, Q05 parameters reflect only the nefwork
performances which do not directly indicate the satisfaction of
msers. Some users experience a bad service due to crowd
accessibility even thoungh the signal strength is still zood. Hence,
this paper proposes the estimation model of wier satisfaction in
terms of Quality Of Experience (QMJE) by using nenral metwork
approach. The input of this model is obtained from the measured
QOS5 parameters. Firstly, the anthors determine the correlation
of QOE due to the QOS5 The algorithm wsed for amalvsis is
Artificial Neural Metworks (ANN) toolbox in Matlab seftware.
Data Collection Q05 parameter and Application Mean Opinion
Score (AMOS) in each wser of different networks were used to
learn in neuwral metworks to get the right weight: in QOE
correlation model. The role of this research iz to demonsirate the
e of menral metwork approach to create QOE model in the
assessment of wser satisfaction resulfed from the QOS5
parameters instead of directly measuring the Mean Opimion
Score (MOS5) from nsers.

Keywordi—DOE; 0OS; AMOS; ANN

L INTRODUCTION

Mowadays, the users of mobile networks have a lot of
multimedia services connecting to the mtemet. These sermvices
require 2 high speed data transmission. In fact, for 3GHG
networks and beyond, thers 13 no any difficulty to provide such
a high data rate. Based on the eurrent technelogy hke HSDPA
or LTE-A, the technical limmtatien 1= out of consideration. It
becomes to the fact that any network operators can offer 2 ugh
speed zenices to any users. Ths can be evidenced by the
similar Quabty Of Service (QO5) obtaned by any petwork
operators. Therefore, m order to merease and mamnfain the
number of users, the operators have to concemn the pew
parameter that has a direct impact on usars.

The Cruabty Of Expensnces ((HOE) 13 the paramester to
represent the sansfaction of the nsers and this QOE 15 affected
by many mdicators of QOS5 Az a result of technologieal
development offering multimedia service, the service operators
need to wnprove their sermaces for the sansfachon of customers
that affect the decision of customers to consume networks. The
numbar of uzers in mohils network has tremendons mpaets for
business and i causes a lot of marketng competition
Therefore, the operaters need to offer the greatest expenience to

975-1-4673-9749-0/16/531.00 £2016 IEEE

Increase user satsfactions and attract new users. The QOE can
also represent the growth and success of the service network.
The (MOE 15 the viewpoint of the user whils Q05 iz the
viewpomt of the network that indirectly affecis safisfaction of
nuszers. Indeed, there 13 3 comelation between QOE and QOS
parameters. Hence, if we know the comelation, the operators
can realize the user satisfacthon from the measwred QOS5
parameters. This can mmprove ther metworks to meet all
coverage areas with the best user expenence.

The melatonship between QOE and QOS5 revealed that
QOE 1= the feshng of users on mmltmedia services such as
excellent good, far, poor and bad. The CHOS 15 the viewpomt
of the operators that mdweetly affect this feeling Using
quantitative QOS5 parameters 15 2 technical concept to mterpret
the viewpomt of network to be the viewpoint of users. The
estimation modsl 15 3 complex process of determumng the
relationship between the context and QOS5 parameters.

Many researchers have presented the coneept to find the
comelation of QOE. For example, the IQX- hypothesis method
was a result of guanttatrve (OS5 [1]. There was also a
prezentation on the general relationship betwesn QOE and
QOS5 methods on IQ-hypothesis for mmltimedia streaming
services [2]. The comelation between QUE and QOS5
parameters by means of the VQM-BASED for streaming video
15 presented m [3] and QOE management based on stztistical
analysis 15 diseussed m [4]. There are some atiempis fo
estimate JOE models based on machine learming methods
using artificial newral networks to map the comelation between
QOE and QOS5 parameters such as back-propagation neural
networks used to assess quabity of experience for video quality
[5] and tvpical newral networks nsed in the evahmhon for video
streammg [6]. Howaver, all above mentionsd Iiteratures did mot
find the comelation medel for cellular netwerks. There are
some specific (OS5 parameters of cellular networks which are
different from other networks. These parameters are influenced
by the propagation fading chanpel that 15 special for cellular
networks. Then the value of QOS5 parameters based on the
same services might be different between cellular and wifi
networks. Although, QOE was studied for vidso semices on
LTE network [7] but there haz not been any QOF eshmation
model yet. Therefore, thiz paper proposad the method to assess
QOE from QOS5 parameters using the newral netweork approach.
The proposed QOE estimation model 1z tamed by the user
expenence from popular application on smart phone called as
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AMOS. It is very easy to apply the surveyed user experience
into the proposed model m the future.

The remanders of this paper 1z orgamzed as follows:
Section I discusses on the background overview about the
parameters mmvolved in the model The neural network used m
the relationship 15 presented m Section II1. The results of
proposed model are discussed in Section IV and the conclusion
of this paper 1= presented in Sechon V.

0. BACEGROUND OVERVIEWS

The QHOE defimition can be classified into two groups. The
first group 15 the subjective quality assessment from mean
oplmon score to measure the zatisfaction of users as stated m
the recommendanons of the ITU-T E 800 [8]. The second
group 15 the objective gualty assessment from relation of
mathematical equations that has been proposed to ITU-T such
as P 862 [9] PESQ (Perceptual Evaluation of Speech Quality)
and G.107 E-Model [10].

The factors m the service network mfluencing QOE of
services operator's melude delay, bit rate, jitter and other QOS5
metnies. This paper proposes to assess QOE usmg QOS
parameters mstead of assezsmg by the users. The factor of
service 15 measured from the QOS5 measunmg tool and at the
same fime the opinion score is measured by the AMOS
application. The results of Q05 paramsters and AMOS were
used for leaming in the artificial newal networks and determine
relationship to create QOE medel.

A. Q05 Parameters

The parameters measured by the Q05 measming tool wall
influence the opimion scores of users. The authors have chosen
commen tools for appheation on the smart phone to measure
the parameters provided by the service meluding download bat
rates, upload bit rates, latency, jitter, browsmg performanee
rate and streaming performance rate, as shown mm Fig. 1. The
authors collect all parameters by nsmg the menitonng
program called as nPerf which 15 Lcense-free. All QOS5
parameters have the following meanings.

-Download bit rates is an average of downleading data. It
indicates the amount of data connected to the services that
users get from nPerf server used for testing of applications.

- Upload bt rates iz an average of uploadng data. It
indicates the amount of data connected to the services that
users get from nPerf server used for testing of applications.

- Latency average 1= the parameter that indicates the
average tme delay of a small packet transmitting round-tnp
from wser to nPerf zerver. The imcreaze of average tume will
result on users to recaive a bad sarvice

-Lateney Titter 15 the variance value of the time delay of a
small packet tramsmuttmg reund-tnp from the nser to nPerf
SeIver.

- Browsmg Performanee rate is the parameter that mdicates
the effectiveness of the service recerved by users when visiting
the scope of the Web browsing from the measuring toal.

- Streamung performancs rate 15 the parameter that indicates
the effectrvenssz of the szervice recerved by muzers when
operating the traffic streaming.

Dsvwmloend bk pafe {average)

Ui il it faverage)
Latencyloverage)
Latencyljitter)
Depp Broweing perfortmnie rate
Streomaing performance raie

Fig 1. QOS parameters

ﬁ}AMOS

Fig. 2. AMOS Measuring Tool

Table I: QO5 parameter Level of Application Mean Opinien Score.

CONTENT
Excellant
Good
Far
Poor
Bad

SCORE

e L] L s P

B AMOS Measuring Tool

Far QOE, the stdy requires the real expenence of users on
providing services. The users are the persons who assess the
service which sometimes 1t takes 2 long e 3 lagh cost, and a
lot of repeated tests m order to get the Mean Opinion Score
(MO5). The MOS i hikely correlated with QOS parzmeters. In
this expenment, the authors employ the mstromentzhion for
measuring MOS by applicabeon i Smariphone, mstead of
measuring the opinien scove from users. Metwork Assessment
Teol (HAT) 15 used to measure the Application Mean Opmmeon
Score (AMOS) for each measured valne The trademark of
AMOS 15 shown m Fig. 2. The valuez in Table I prezent five
levels of scores including Excellent, Good, Farr, Poer and Bad.
The Metwark assessment tool (HAT) is nsed to assess AMOS.

This paper measwred the QOS5 parameter: mchiding the
average of download bit rates, the average of upload bitrates,
the average of latency, jitter, browsing perfoimance rate and
streamung performance rate. These parameters influence to
AMOS which can be the experience of users as indicated m
Tzble I Based on experimental results, the authors create the
QOE estmation modsl from both collected values from nPerf
and AMOS of NAT by applying the artificial neural networks
which will be explained in the next secthion.

Il MNEURAL NETWORES

MWewrzl networks are mathematical models or computational
models that look very similar to the struchwe and function of
the human bram. The process begms with the concept of
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biological networks for neurons in the buman bram consistng
of dendnte which it recerves perve impulses into the neuron
and axon that transmits merve impulses to other neurons.
According to this model artificial neural networks of
connections between neurons that work together as a network,
typically artificial newral networks 15 capable of learunz from
data between inputs and output in the desired format.

Afrer the process of learmung artificial newral networks, the
authors will collact information link weight and the threshold
of sach newron. To be used in the next test, the artificial neural
networks can be deployed m a vanety of patterns. The general
format 15 used widely, as shown m Fig. 3. It is a model of data
input and cutput which typically there 15 a mathematical model
to formulate the relznonshop of data.

SuTEuT

Hiddun Layer Curtput Layer
input (& T
Aol AH
[ 1=a e r I ¥ ﬂ
‘ ﬁOJ :J*@d :
o 10 VY
Fig 4 Two-layer-forward neural network
LCTTTTITTTTETT Coarnimg Mewral Meimarks

]
L]
) Impmi = 1 .
. 7 arget : AMOS
i ‘ " meters =+ DOE model H b NAT
|

e R, SR

Fig. 3. QOE estimation modsl

The basic algonthms om peural networks can be
expressed in (1) and (2) [5].

" A

o, =f| 2 wx, +91Jj =123, .p [oh)
-] r

e ! b

P
Ye=f| w40, k<1230 @)
=l ;

When W,_r 15 the link weight of mput node X, to hidden layer
node h;; Wy 15 the link weight of hidden layer node h; to
output layer node K ; a, is the value of hidden layer node
and ¥, 15 the value of output layer node; 9) 15 the thresheld
of hidden layer node ﬁ}. and 9]; 15 the threshold of ouiput
layer modek ; M 15 the oumber of mput node; p is the
number of hidden layer node; g is the number of output
node. The autheors choose the decision funetion of Sigmend
expressed in (3}

Fx=1il+e™) @

The application of ariificial pewral networks for the
proposed model 15 to estimate the QOE value from the QOS5
parameters. All parameters including the average of download
bt rates, the average of upload bitrates, the average of latency,
jitter, browsing performance rate and streaming performance
rate are the mput values for newral networks. The valus of
AMOS 15 the output for the process of learming m ANMN.

In this paper, the authors will use two-layer-forward neural
network with sigmerd hidden newrons and lmear owiput
neurons by toolbox in MATLAB software, as shown in Fig 4.
In propesed QOE model, this paper sets the number of idden
nodes at 10 nodes. These nodes can be increased or decreased
depending on the vanance of mput data. In thas paper, the
vanation of experimentzl data 15 not too mmch so the amount of
10 nodes 15 approprnated for QOE model.

IV. EXPERIMENTAL RESULTS

This sechon presents cperating procedures in order to create
QOE model It mecludes all steps m the learming newral
networks and the testmg process of newral networks as shown
mn Fig 5. As seen in Fig 5, there are two parts of QOE model
inchnding learmmmg and testing newrzal networks. In leaming
part, the lirk weight and threshold to the system are obtamed.
For testing part, the already learmad QOE model is tested with
the input parameters that ave different from the set of learning
steps. The outcome of testing part 15 the eshmated QOE value
which is the aim of this work.

The selected data sets wuth different expenimental
conditions are shown in Table II. These value are used to be
mput of the learming meuwral network. For the tesing neural
network part, the authors measure the QOS5 parameters from
the different situation of leaming sets to be input for the QOE
model. The outcome of testing will be compared with the value
of AMOS in order to vahdate the proposed modal.
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Table II: Q05 parameters and AMOS under different ciroumstances in cellular networks

Dommboad bit rate Upload bit rate Latency Latency Browsing Streaming

(averazs) (averags) (averaze) (Tetter) performance rate performance rats AMOS

[Mbps] [Mirps] [ms] Js] [e] [%a]
300 110 43 50.68 7718 4
043 0.31 o 127 2334 2505 2
21.18 41 51 84 e FEEE 3
04 [ 108 70 2742 2511 2
023 0.32 113 1066 27.10 2386 1
§.14 129 [ 85 10.70 B5.29 4
027 [N EE 1486 2334 3018 2
[ ] 044 150 o7 131 8138 43
541 186 154 o3 §6.17 1564 33
555 107 137 13 Q6.6 BA.58 43
431 122 198 137 T0.63 18.76 33
§.43 1485 44 14 5105 7155 4

A. Learming Neural Network

The parameters m Table II were used to learn mn artificial
neural network. All five QOS5 parameters are entered to be
imputs while the AMOS values are entered a5 output, as
written m the matrix form below.

Input layer:

[3g8 2129

043 031

|2118 41

044 020

|0 03

614 120

| 027 010

§13 084 130

| 548 286 154

555 107 134 '

431 121 198 137 o83

[645 265 46 104 5105
Output layer:

4 25 2141 45 35 45 35 4|

The learming results were shown in Fig. 6 acd the
relationship between the target and the output is | 9986,
EI'IHHJ_I-J.TK"I-'J  apach § ; .
|
1

W = Te-D ol mpoich §

£ 2 o

Waabatian € b 5 1. 1 ppeoci §

g - . = -

& Epumies

Fig §. Leaming results

B Testing Neural Netwark

This step is the real test to venfy whether the propesed
model 15 validated or not. The zuthors take measwrements to
cellect QOS5 parameters and then put these parameters to QOE
model m order to get the eshmated QUE vale Then the
authers compare (JOE values obtamed from proposed model
and the AMOS program Tzble III show the QOS5 parameters
and AMOS used for tesinz. Acmally, the authors did the
testing values move than one set but for sake of space only one
example 15 prezented.

Tahle II: QH05 parameters and AMOS for testing.
i T

Thrwrikead dieal [T Qe R —
Hil i pofmem: | pofomanc | AMDS
{weTiggs zrals = e
[pn] [%6] [Ha]
BT [ = 0.3 A543 0

The QOE meodel 15 created by means of algonthm neural
network to assess the QOE from QOS parameters as shown in
Fiz. 7. All programming 1= performed by MATLAB.

:C '_ ET G

BFUT PARAMVETER '

QOE WMODEL

Fiz. 7. QOE modsl in MATLAB,

After entering the Q0S5 parameters into the QOE model
shown m Fig. 8, the QOE model will produce the owiput as
estimated QOE value. Az shown m Fig §, the QOE output 1=
417 while the value of AMOS by NAT presented m Table ITT
15 equal to 4. There 15 2 Iitle error between QOE from model
and AMOS. The aunthors test with 100 different sets of QOS5
parameters. Lhe resulis provide the same agreement between
QOE from medel and AMOS with the vanance of emor at
3.63%. Tke results have confirmed that the QOE model using
artificial newral network approach provide the results simalar to
the evaluation of AMOS.
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Fig. 8. The output from QOE modsl.

The propozed QOE model 15 ready for assessing the user
experience at any locations only if all QOS5 parameters at those
locations are collected In fact, the drive test which 1= a regular
task in cellular network can be often undertaken. It means that
the network operators can realize the satisfaction of users
without performing the real surveys on each nser. This reduces
both cost and time for network operators. Moreover, the output
QOE can suggest the operators to mmprove 3 coverage area
bazed on direct demand of users. With the improvement, the
operators can maintan the existmg users and attract new ussrs.

V. CONCLUSIONS

In thuz paper, the study of estimation model to assess the
satsfaction of users mn terms of QOE iz proposed by using
neural network approack. The QOE value iz estimated from
five QOS parameters meluding the average of dewnload bt
rates, the average of upload bifrates, the average of lateney,
Jitter, browsing perfonmance rate and streaming performance
rate. The results show the good agreement betwesn QOE
value from the propesed model and QOE value from the
AMOS apphications. This 15 very helpful for network operators
to reahre the sanszfacton of users based on viewpomt of

network performances. Hence, both cost and time wall be
saved when using the proposed model
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