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ABSTRACT

Video streaming services are becoming more popular nowadays and users are limited
to the maximum data rate of internet packets by using fair usage policy (FUP) from service
providers for internet usage on LTE networks. When the maximum data usage meets the
conditions, the efficiency of the user's video streaming service is not as good as expected and it
will result in a bad user experience.

This research thus introduced an LTE network that can enhance the performance of
video streaming services in the event of the subscriber downloading and uploading volume
having reached the limitation. The performance of the proposed LTE network would be different
from the traditional LTE network i.e. to increase the functionality of the PCRF device to work
with video caching server for the video caching server to acknowledge which user downloading
and uploading speeds have been reduced and when the subscriber uses streaming video in video
resolution with high bit video transmission rate, it will help to choose the optimal video resolution
and the best data downloading and uploading rates that the user received at that time. Efficiency
of time delay, time variability, time lag, and transmission rate measurements were conducted in
this research. From the research, it was found that when users receive data rate of 512 kbps and
use video resolution 1080P and 720P, the proposed LTE network would adjust the video
resolution be 280P, which yielded better time delay, time variability at the average of 41.91% and
30.26%. The transferring success rate was also increased by 62.10% when compared to the video

resolution at 1080P, 720P. Additionally, when users receive data rate at 384 kbps, the proposed



LTE network would adjust the video resolution be 240P, which yielded better time delay, time
variability at the average of 42.76% and 62.13%, respectively. The transferring success rate

would also increase by 50.34% when compared to the video resolution at 1080P, 720P and 480P
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Currently, video streaming service is very popular
in LTE networks. Typically, in case amount of usage data
reach one preset threshold, user maximum data rate will be
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Charging Rule Function) communicates with video caching
server in service provider network in order to improve its
streaming video quality of service. In the proposed
mechanism, PCRF will communicate to video caching server
to select the best video resolution according to the current
maximum FUP rate. This research compares the performance
of traditional LTE network and the proposed one by
measuring packet loss, time delay and delay jitter.

Keywords: Network LTE, PCRF, Streaming Video, FUP

1. unin
y s . ,
ﬂs;]mﬂmm’oﬂmmmau (Fair Usage Policy —
Fup) fuuTewnoiigliuims Insdwiindouiinalanly
IS Y a 9 9 9q 9 a
Wunasgulums ldusmsms lanudeyavesdldusms
Tasai1e 3G6/4G ivetloaiu luldg1Faunieseldausy-

19

dadoyallSuamuin deazdinadonuninns Ifusnsiu

vq ¥ & @ ' v vq 9 A
Alyus1eou 9 dred19ms ldnuvesdldaundana

nsgnuiudlFausiedu  mu nmsiill1dau Bit Torrent
Y o 14 ' 3 < 1 ] 4 4 o
Taols InssnniiiedodailuTuan nSederunesmia i
TseansammslFau 4G Tassivanas danansznude
v 9q o ' A A o °
msldnuvesdldnudinlvgimae nanmsitinuves
A o 2 A Y '
FUP fio szuvvztlSuannnuisilums¥eunedyInseie
3G/4G il ldnuiimsldaunlsnadeyamusifisimua
2 g 40 £ A o v
FaduuloveananiiruatuieSnuunasgiuns 14
A n59918 364G ed1mzay Feezaelid1dusns
9 Y A <3 A a
4G oaud o ldau Idednswsumazaulsz@nsnmw
A 999 o 2 9
e 14911 Internet gniSuannmsIMs 19w
a411199910 FUP - m3ienldanuusnsai 9 azifaniu
vy 2 ' ~ . 2 o o g =
ANy lumsisong Video ¥airauilu Content 0
a 4 o A Ay ve ~
dowunduluilegiu nwnazidesi ldsurnazlioins
' A a o Y 9q 9 a
nszqn li'Tvadu ifaeimsnimuan $11dd140una
o v . Ay 1 P
Uszaumsalms 149 (User Experience) 0 lianensld
' Yq ¥ a Ao A a A
A lnseieveed 1dusms Auddeiivaausuuinaie

PsudgequanlumsldusmsansuiaidTeldnudldau

aay

lunsaingliusmsldngmsldauediunniion  (Fair

9

Usage Policy — FUP)

[ Y

a au A
2. NHHAHUAZNHIYNINIVD

I
axa ]

2.1 nqENINEIVDY

4A31319 37 1o (Streaming Video) [1]Anl15Ta

avah Il Fuamninau lvdiaatidouugdnyel 14

9

Y 4

TaglisuiudesnrniIvaaaindumesiiasunasy g



d o an

¥ v
1ie991nn150121 Tnaa lidifadatidesia Iidey 10an
) o 3 ' o an A a ¢3 9
Aoutnann aniumsau lidiaatienindumesiinde
matlaaasuilegilfansonaninatoya ldnoud lvd
2 L v o s Y9 ¥ <
nanuavzgnasidudeginsaivesdly edralsnay
gUnsaldarenieiilFezdectszuranaldiiinedae

=

& v { vy o A v Vo
Lu’l’N‘Mﬂ‘U’t)iJﬁWﬂﬂﬁ\iﬁﬂﬂﬁl\uﬂiﬂﬂu?Jﬂﬂ1ﬂi]$ﬁﬂ\1l1ﬂi‘uﬂﬁ

U 4

' o

Y- S o Y o Y A
sanud lunreanudriiesuds dedesdinisutlas

k4 v
Foya (Decode) a1ty tioth Tuaawalugilvoudos

&y

A A v o H )
nsemmnaonliae sadduasuladuaouniiaaidn
Yq v [ <3 Yo A1 axn = = a
Alanvzdunamulaiuiiiale nserdounaminszagn

A ' &£ ) ' Ao o
niongaaull 9lu Video naazilszinniionsimsivds

9 @ =
Uoya aanaaalumsnein 1

M3 11523 Teuazdasinmsdadoya [2]

szinn 9n310AV0997 19
1080P 3,000 Kbps

720P 1,500 Kbps

480P 500 Kbps

360P 400 Kbps

240P 300 Kbps

' . IS G
LTE [3] 61910 Long-Term Evolution tJwumnalulad
Aoars 1¥monnuriguiteldiugunsaideas1iae b
' 2 o A A A s A A A o
MazduInsansidenenduanisnlvu vonToansessy
o v ~d A Y o w <
dyaruld TaemaTuladiieenuuioaadosinaniiwsid
vouna TuTagnis119ogilegiiueds GSM/GPRS/EDGE 1#

- a a P < v 1y 44 4
uﬂ‘sz’mﬂﬁm‘wGlumummtiﬂumiiummﬂy_am‘wumumn

IANDEINNIN
MME rm! ——
OII ot
) Internet
UE oNB SPGW

amd 1 amilasnssuveuniouts LTE
PCRF [4] &011910 Policy and Charging Rules
. ° Y A a v v
Function  miifiauguiSnanisldaudeyaves
' o = I~
AlFaululaseine LTE dwaaslunmi 1 1 llaw
nanms 199110619gATI U (Fair Usage Policy) 1013113
[ Y a Y ] Jq 9
Fams maldaulSnadeyalulassieg dldauinese

pwazlFaudeyalulSmaiuinnuly dinaldquain

84

a 4 ! =
msldusmsvesdldanau o desasnitnaiseziilu PCRF
o a A A 999 = 9 9
Mo Taeiiteuluiulodldnuiinsldnudoyansua

a Ao Y vq v 4 o o
ﬂiﬂ1mﬂﬂ1ﬁuﬂ1] @Glﬁlﬂ‘]ui']ﬂuuc] ﬂggﬂﬁﬂﬂﬂi‘]ﬂ'ﬁiu-ﬁq

P A A o ' 9 3 9
Yoyaas mudeu luidvua dawalinnusilumsldau

U

v vq ¥ 3 ' Ay o
‘Uf)llﬂﬂ]'ﬂ\?W‘l%\?‘]ﬂi']ﬂﬂ“ﬁﬂﬁ\?ﬂ']ﬂﬂﬁlﬂﬂ@ AIYNaNNII

@ ' o 9 9q Y a @ o
gananvzir lIng liuims Insaunanaunsasulsedu
Y a o 99 9 l 9t
Auamms Iiusmstudldaulaswieynauluszoulid
auamlumsldusmsedrumnzauauiimua 13
a d‘ d‘ Y

2.2 MHIVYNUNYIVDI

e [51 1dimanlseuieu Qos voansld
91U Social Network Application 1dun Skype, Line, Tango

uaz 00voo Tulnseiie 3G Ndassu-dideyagegailnd

v

uazlnsadie 36 NgniSuandasiiu-dedoyagagaiian
M A4 duva . da
FUP Tasmslsauuuumaeun nanldneInsavie 3G 7l
o o vy an a a a AAA
onn5u-dadoyagegailnaiidsz@ninmaniinsding FUP
0619110
Nu3de [6] TdumssransmsIFanuusmsansy
' v Fa
1997 TeuuTasavne LTE Tagmiilesdanavesdumyananga
Video Caching 1ae'1d31a03fmM1i9903 Video Caching 0¢
1 Data center 891NA14, N39 Video Caching 08AINANN A

v
a

. : g . H
1aznTal Video Caching 1l Caching card fAAID

e,
=h.

] v
A A a o

eNodeB luTaseino LTE  Taoagillddinsdinlinsaads

b3 A a a
Caching card DU@1n5al eNodeB vziiiutlsz@niniwnms s

A A ax = ' Aava A QY
Nuaasuiaaa lonnigaua lumaliides da 1491ega
E

'
Ada

A1NI U eNodeB N1FuualunsdiiAadavideo caching

' v
A

Tudrugiinia vzllszd@niaindosniinsdinaad

Caching card ¥ eNodeB  0g1szual 3% uazazil

v E 1
Y5z aNTnNganNNTANAAAT Video caching N Data center

v '
o A

FIUNA1NDN 10% sarudionlSeueudseanTaniiu

3

v
=

= o awv A o JYq ¥ a [
Juiumsasnu auIseivauzih g 1¥usng Tnsae
LTE 1aen1% Video caching 1uunsza1emuugaazgiinin
= v Y o ' aw =
nnmsansAuad dalinuauiselanaue

a A Y a A A am Yo
wwraalumsiugunImms lsusnsaainiela le1vny
9q ¥ = o o 1y o A
Alinuignaadasimssu-dedeyagagaduiioanin FUP

Ed x

Tasauddeihinduenudfald PCRF - @150 Video
Caching server 18 PCRF #ans1und1daugnandasins
v 19 A A 999 = a ] ~
Su-dedoyariiosnin FUP iWed l9ausieiiisonldauansy
1937 1o PCRF 9 dam5 1184 Video Caching serverlfarasu

Falenldsnsimssu-dideyadeandoanudnsimssu-da



3. VHADUMTAUHUNUIVY

3.1 {(‘Hﬂﬂuﬂ15f’)@ﬂ!!ﬂﬂ

u3Tei 185 aeaTnsevio LTE Taofmualsl
Tnsfwilinaoudi (User Equipment - UE) i3en 19 uansuiia
@ ToruTasaie LTE Tu 2 gilunvde

1. Taseeiduitfinsfnda Video caching server
Pigquitoyadiunas

2. Tasevieiiinaue Tag PCRF awisadalsl
Video caching server Lﬂéﬂum Video Resolution #1851
ms3u-dadeyagegaves UE

uiseldnageulszdniainvesszuui
Huauelaeldnaey UE fifidasinmssu-dadoyagagn 4
sunuudaeniu fie

1. UE §i8a51ms3u-dadouagaan 84 Mbps

AN T |

2. UE i8a51ms5u-datoyagaga FUP 512 kbps

3. UE fi8n51ns5u-dedoyagaga FUP 384 kbps
oy
4. UE fidas1mssu-dadoyagaga FUP 256 kbps
{ o o o o
TaggUnuunsiaesluszunidruauInsdun
44 w4 de .
indeud 1 UE waz hilimandeud Tasdiasanisiiauues

FTUUAIY NS2
3.2 MInaaau

3.2.1 ms%"mmamummﬂumiﬂﬂﬁﬂu
msnageuisuen UE veldnuaaiuiaiale
TaaiSan Resolution ﬂs:mminqmﬁq Video server AU
Video caching server Iaslunsdivealnsedioitinaue
PCRF ilxﬁ"dﬂﬁvlﬂﬁiﬂ Video caching server TFuany
aziBoaveaaniuiiaialeldifiu 720p, 480P, 360P W30
240P ﬁuﬁué"mmﬁi"u-dqeﬁ’ﬂu"aqaqwum UE @14 FUP
voudIiuims Tasm3seiivzil3oufoudszangamues

A

an 1 =) <3 <
AaIuNIA TonnmMsgaudeuninia (Packet loss) AN
A19Maal (Delay) tazA1nNuLalslsIuvesnuaIh
Maa Jitter)  Tasnssiaes 2 juuy e Taseaie LTE

1nd waz Tnsaveninauedaaaalunini 2

85

' Video Caching
“'I Server

UE

v
av

4 LA 2
2w 2 Tasevreidwane luauddeil

3.2.2 mudsuazadulslumsnaaeu

a Y

Tunisnageumsldauaasuiiaialonz 14
Video Resolution 5 szinnuazldsasimsiu-dedoya
qegalums Download ansiueenlidald@unlsuaz i

uilsaansei 2

19197 2 dlsuazamdalsnlFlumsnaaeu

dunls maaunls
UE ( Uplink) 21 Mbps
UE ( Downlink) §i 458l

84 Mbps, 512 kbps, 384 kbps L1a¢ 256 kbps

Video Resolution

i 5 Uszan

1080P , 720P, 480P, 360P Liags 240P

Core Network

1000 Mbps

Internet

1000 Mbps

Delay

321919 UE 1ag eNB 9 22 ms

5¥1719 eNB 1Az S/PGW 9 2 ms

FZHIN S/PGW Lag Video Caching Server 93 ms

4. HaMSAUHUNU

MnMsnadeumsFenldauaasuiialelu

o

Tasseminauelagldonsimssu-didoyagaganaraiu

a
v

vosms 1 nuaniuiiaiale minfiu 4 nadidedl nadifi 1.
UE M8asmssu-dadioyagagaii 84 Mbps 5on14 Video
Resolution 14 5 5z, n3dif 2. UE 14dasimssu-a
foyagagaii FUP 512 kbps 136019 Video Resolution 1080P
waz 720P n3difi 3. UE 198n31mssu-dedeyageqadi FUP
384 kbps 13614 Video Resolution 1080P, 720P, 480P 1A
360P Lazn3difi 4. UE 18asimafu-dedeyageqadi FUP

256 kbps 538019 Video Resolution 114 5 152197




\J =S & < v
4.1 MM IFULaeUNNINAVDYA (Packet loss)
namsirassmmsgudouiinfadeyauaaseglu

<
NINN 3.

Packes loss v a1 Yilan nuazleadie g fiwdaznandvaamadausio 16

AmA 3 aslSeufeun Loss  1ein1s148as A5 U-a
doyagagauns Video Resolution fighari
Y N A ax ~ o

NNMTNATOUMI N UAATUHNIIA 1oz HHany
] o & A ~ Y. . &
A1 Loss AdH n3aiN 1.n15558n 19 Video Resolution 4 5
U521aM 921AAA1 Loss 117D 0 %  1Hee9Inda hignsina
@ o "y A A
8n51M3TU-a9T0YagIgAIN FUP, NTaIN 2. uag TN 3.
UE 921831 Video Resolution 480P 11az 240P A1N&19 1%

= o o 1

< . Ao A Vo a
11 Resolution NANEAT115UAT FUP 91 UE U1@’]5‘1_| CINAN

a
v

Vo o ~ A ~ 9.
Loss 1M1 0% 9142 n3di waznsdifi 4. msi5enld Video
v
Resolution M9 5 1szianvziian Loss g9 39 liuugiiinig

v g
Idami

4.2 MANUATINIAT (Delay)

#amss1assmIANNaITIMeIamaaeglunw

=
I

e
- sranbgs
- g

sk

FEEE o

580

oo xﬁ” - ; P
— R Siinbgs
“‘; e i et [T
2 s i e ik
Wideo hutl

o

2wl 4 nalSenfious Delay  1iiaflins196as1nsSu-da
Yoyagegauaz Video Resolution fin1ariu
Y A A ax = @
NMINATDUMT I NUAATNHIA Toaziinany
v @ ;sy A = v A A aa 3
A1 Delay @9il nsdif 1. maFenldauaasuiialons s

a o ' o 9
ﬂiglﬂ‘ﬂﬁlglﬂﬂﬂW Delay ﬂnlagul,uﬂigﬂllﬂllﬂ1iﬁl"]f\ﬂu

o v w 1%

iesandaligniriadasinmissu-dedoyagegaain FUP,
A Vo . . &£ g
NIN 2. UE 22185 Video Resolution  360P @11y
. A S o 1 a Yo a 1
Resolution  NANgAd@1vIuA1 FUP 1 UE Vlﬂi'ﬂ‘l]%!.ﬂﬂﬂ1

Delay 192.45 ms $4anad91nms Mo Insevnennilseuna

86

{ o 2
10.53 % 387 3. UE 92 1851 Video Resolution 240P &1y
. dad o a4 & Yo a
Resolution NaNgaAad11IUAT FUP % UE Vlﬂi‘ﬂ‘llzlﬂﬂﬂT
= v ' a
Delay 279 ms mamwmmﬂmmuimwwmnﬂszmm
A ~ Y . I
11.58 % 1aznsaiN 4. n1550n 19 Video Resolution 914 5

k4
Uszinnezifan Delay ga 39 linuzihms il

4.3 msudsthuvesnnuaiimanal Jitter)
namsiiassmmsgudouiinfateyauaaieg

Tunind s.

namnnlyl e saed v masaa diesees 08 oS ilon s Bomio o e

manad o an i assto 46

= = P (- A A Yo o '
2 5 naidSewieuan Jiter  1H01N13 16RT1A15TD-d 9

doyagaganaz Video Resolution Agamis

] A A an ~ o
1NNMSNATOUMS IFNUAATNNIA lovelinany

1 . o ::y A = v A A aa 3
fin Jitter A9 ATAN 1. Mo lvnuanTuNIIA o 5
Ussianvzifa Jitter  dtazludemansznudiunglgam

iesninds ligndnadasimssu-dedeyagagaain FUP,

aa Yo . . & o
n39i71 2. UE 921431 Video  Resolution  360P ¥aiilu
& . N\ 4 ve A i
Resolution nangaa1isun1 FUP 1 UE ‘lﬂi'ﬂi]mﬂﬂﬂ1 Jitter
22.02 ms F9anad91nM5 15uTasenAu sz 9.26 %
A Yo . . 2
A591N 3. UE 921851 Video Resolution 240P daiilu
L dad e o 4 ve a4
Resolution NANgadm5uaA1 FUP 7l UE 185uvziian Jitter
66.62 ms Faana1nmslFanulasai@nszanm 9.63 %
1l Ea
waznsaN 4. M3i5en1d Video Resolution 319 5 Uszinnag
a . =<y o v g
naa Jitter g9 39 Tnuzihms gl
) v A A aa
NNAMINATDUTAUMNT IFNUAATHHIIA 1o
1 v Ea
fudasimsiu-dadeyagegail FUP finauniuannse
a31m31% Video Resolution Naeandeaazdngalunaay

Ao A
NIUAINTIT1IN 3

A

A151991 3 dATIMsTu-dedeyagegaiial FUP

a

1ag Video

=)
o)
ho)

. da
Resolution NA

Video Resolution A7 qa

FUpP
512 kbps 480P
384 kbps 240P

256 kbps Tinunih il Fauansuiialale




5. agl

v
=1

Aw Y3 v A A aa
udenaasidiuinmslsnuaaiuiegale

Y Ao A A a P
melalasevrentinaue asomivlszansamlumsly

Y [

NuaasuiaaaTelddudlFauedauinae asain UE 14

gt

§n31M55u-davenagegai FUP 512 kbps v 1uifad1ns

U WA

A 1

aadouiiniaasie Loss WA 0%, A1 Delay aAad91n
msldauTasshe@ulszanm 1053 % uaza Jiter anas
szine 926 % uaznidii UE 1¥sanmsfu-dedoya
q99afi FUP 384 kbps az'liifammsquidoudiniiaian
HUNUAD Loss (ML 0 %, A1 Delay anasyszanal 11.58 %
waza Jitter anaslsznim 9.63 % 19weaailyninising
Uszaumsaims 1Faudi1ia  (User Experience) Llazan

JyninisérearenazerssroiugnaisieInlinug

9

THuTmsualumaliadmsudlduinmsmsiumii

Ty PCRF o19deslddunulumsdiunlasuTnsaiieis

Yy A = '
cﬂmwmsmmamiamuiuamﬂmm"lﬂ

PNA1391909

[1] Netthailand. (2016, June 20) video stream.Online :
http://www.netthailand.com/home/articles.php?art_id=8&

[2] YouTube Help. (2016, April 14). Live encoder settings,
bitrates and
resolutions.Online:https://support.google.com/youtube/answer
[3] gawaf g1uzlsz@n3, (2016 September 15) LTE. Online
: http://pharm4glteand3g.blogspot.com/2013/08/4g-1te-and-
3g.html

[4]Kamp. (2016 August 09). PCRF. Online:
http://telecom10.blogspot.com/2015/02/perf.html

[5] Apiwan Wiangjan and Pongpisit Wuttidittachotti, A Study
of Fair Usage Policy Effects on VoIP Quality from Social
NetworkingApplications, IEEE 2015

[6] Hswa a5 Tye, M3Useivgsz@nEnn Video caching

LL‘].I‘1J5'JiJf[uETLLamL‘LI‘Uﬂi%ﬂm‘uuiﬂiﬁhﬁl LTE, NCIT 2016

87

HAIAINT doUN
AHY: Database Administrator

= o w & a
mafnp: Masdany Sy n
Jrnssuneununesiuaz
Tnsauay
ALININTTUANAAT UHIINATINY
o a d
Taunad
mdefawls : 56 uag Video

Streaming on Mobile



Fo-umana

1523amsaAnsn

uniaazaonmanuilgiiv

sz Iadiven

AINT DOULY
W.A. 2554 1na Tulagasaume
J

AINONNAADT §IND VHIINIBUTINVTUAAD

Database Administrator

88



	Titlepage
	Abstract
	Acknowledge
	Contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Reference
	Appendix
	Profile

