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ABSTRACT

The rapid growth of smartphone usage causes the mobile network operators face a
signaling storm problem. As a result of the behavior of continuous use the data service and the
fast dormancy mechanisms that aim to reducing the power consumption of smartphone with fast
RRC state demotion. However it makes more often state transition and generates more control
signaling, causing congestion of network signal.

Research results indicated that smartphones Android’s generates more signaling than
10S’s smartphone. This paper presents a mechanism to dynamically adjust the timeout of RRC
state transition by considering the overall load of the network and take into account the operating
system of smartphones. If the network congested, system will set the longer RRC timeout to
smartphones. In order to let smartphones remained in the active state to reduce the transition of
state, as the result the signaling will be decreased. The operating system of a smartphone that
generated more signals will adjust the longer timeout period than the operating system that
generated less signals. However, this technique will increase the battery power consumption of
the smartphones.

Simulation result found that the proposed mechanism can reduce the amount of signal
by 29.74 - 37.08 percent. As the result, the congestion of signaling could be reduced. However,

the battery consumption will increase 30.76 - 58.25 percent.
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{ @ 1 @ 4 . Y a
VINNNA 3.4 UTAAIDI1NITATIIIA Traffic 1INANIIN WU iPhone AI87TN3
y v & 1% ) . i A 7 P
190U AWATUADUNITAS 1 remote virtual interface N303IVFOVDUNOSIWA LAz 19 Tng
[ @ { I o
UATY tepdump 1UA1ITATIVIY Traffic udrfuiin 13 IWandmua’ld
3.3.2 M3dansmMWnvesz Ul AN Android
[ J { a wa @
M350 Traffic 1InM3IFuauin Iunlgsz ol ians Android §ive'la
o [ 4 { a wa . 4 1
1 Tnsunsuy Wireshark dmsvauninIduin 145z uu111@n15 Android Taeiidea1 Shark for
3 o @ < 9 a Aa 1Y 1 [ 4 AR A
Root * dmiumstivdeyansmilnninissu-aesgringamnsnIiuuas Tvual alinis

v ) Y
MRS UAD TNTLUATY AT&T ARO Data Collector MU¥HI0M 2.5.1 FITWTUATULIL

® int0x90. (2012). Capturing Network Traffic using the WiFi Pineapple, tcpdump and
Android. Retrieved Oct 26, 2013, from http://blog.intninety.co.uk/2012/08/capturing-network-

traffic-using-the-wifi-pineapple-tcpdump-and-android/
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o 4 { A oA . o ! A Y
mamuuansn I ldszuul iians Android 1azas1991 Traffic MAaTLINN5 1F910
¢ $ 2 : = s
Joyavesauin Ilunsoniulalasase ¥z 1ddoya Tratfic iJu lWduwana PCAP Tag
! ' Y ! '
AN “Start” 1NBITNN15ATIVIY Traffic 9NTUNATJY Home 1o 11)iTla Tnsunsundoanis 14
9 A o Y Y w9 !

U 1FNUIUATUMNIZIZDANNTIHUALAINAINAVG INTUNTN Shark for Root NATJY
A a o v ' o 9 4 Hq 9

“Stop” INBYANITNTIITY Traffic AINIDINNTATIIIA Traffic 1NN IFOuamITn Inunly

521U AN Android Tun1ni 3.5

Parameters :I-FVV -s0

Start

Stop

Open capture file (You can use Shark Reader)

Status: Running

Filename: /sdcard/shark_dump_1383571538.pcap
Size: 0 bytes

killall: tcpdump: no process killed

kill: you need to specify whom to kill

killall: tcpdump: no process killed

tepdump: listening on rmnet0, link-type LINUX_SLL
(Linux cooked), capture size 65535 bytes

Got 0 Got 0 Got 0 Got 0 Got O

Y @ Il [ J
ﬂ]‘i/‘l‘ﬁ 3.5 @10819N15053939 Traffic 1INEWI5N 1Y Android

{ 2 g o 1 o
1NN 3.5 1AAHTI190UD3 TNTUNTY Shark for Root Fuudi0d19n15a521970
4 a
Traffic 910@15N 1WU Android A1MATMIV9AY
3.3.3 WgAnssumMsas ndyavesszuulfianisaneg
A Y o . J = a o
i l¥nalnnisdSuszezinat Timeout vosdn1uzoIT 01T WTONITUIUSD

v
1 A

A Y aq Y Aa oA J ' Y Yy 9 =

izﬂzmammm:ﬁﬂmmgaﬂimizuuﬂgmﬂmimmGluiz‘mwmﬂsmmhlﬂ ADIUNIT

a c A 9 < v ' Y 9 2 ~ Y
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5 Y 3 9 = A ' Y} 3 9 a

3739137 W']ﬂnlﬁlfﬂﬁlﬁlﬂ‘ll‘uﬂﬁalja‘ﬂ']ﬂq@nﬂmﬁﬂxﬂiﬁ$ﬁ31ﬁﬂ131%\11uu“ﬂuﬂlﬂyja1uﬂ']ﬁW‘U']iﬂ!']ﬁ]g

o Y 3 A o o Aa 9 = Y g}Ay ~
Mmlveseuamhauninlumsidssuanangdnssumslanuvesyd uazdsalainunlunis
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Aa 9 o o F)
nuuFmMsteyavesdsnIny 910 1WdUszinn Packet Capture @28 TWs1N5U MATLAB A1)
a 4 o 4 4
HUUNISAATIEHAITMHUATDIULDIT015FUDY INTUNTY AT&T Application Resource
.. 4 2 g A A A J o 4 =) 1 9
Optimizer (ARO)' HuT1AT09NBAUATIZHMITAMHUATDIULDIT01TF 1UTLHI19N15 LFU
a 9 4 4 ] 4 I Y
vsmisdoyavesauin vy 90 nldiszmnn Packet Capture 151 TWduwana pcap iludu
: o q ¥ ' ' lq v 2 S v s @ ' )
gaazin linsunlusrananlsnuansn Twuiviins lsaauzesersa luararlatha
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wagiimaasudasaniue ldamuzerserssonq wela et 1165 1evinganssuy
{ 4 4 14 ~ 9 a wva 1 9 ]
TumsnlasumlasaniuzeriorsdvesaminTlunldszuulianisaie 18 ualwsunsy
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Sh]
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Waten 3.3.1 Wawsos 1 1siludeyanzii lAnnzinganssudlsunusiaanms

U
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a J o 4 I A v v A
AUATITUNITNIUUATDIUSDITDITY UUYUADUAIY

A3

1) Wa lWadeyanslinumana PCAP @20 Tns1nTy WireShark

2) nseatioya Packet i ldoen1300n 91nT0YA Traffic insa93ATae liifing 19
audeyamsnuniaten 3.3.1.6 T8wuduilu Packet v01 Service #1979 i launsatlaldvun
waz 1319 packet 9110 Insunsufidosnisanymganssy Tagldimureay lodtludumly

3 7 4 ! g o
190 1@ http://who.is Lﬁaizuﬁwamazﬁmmm Packet WU Iﬂﬂﬁ]qu‘ﬁJfJHQMﬂ Packet

* AT&T. (2012). AT&T Application Resource Optimizer (ARO). Retrieved Nov 10,

2012, from http://developer.att.com/developer/legal AgreementPage.jsp?passedltemld=9700312.
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' g’/ A . ] o a oa . a Jd Y A
mmuu"lﬂizymau"lﬂumﬁﬂim Filter ﬁ’TVii‘]JiziJ‘]J‘]JQUG]ﬂ"Ii 10S @I NUATITHUDYAN

Y Y o A
Gl@ﬂﬂi@ﬂﬂ@ﬂ”lﬂﬂ\‘]ﬁ”li"lx‘]‘ﬂ 3.1

M519h 3.1 Mmsnsestoyai ldsamsdmiuszuulgians ios

a1y ﬁj"ﬁ]u]lellﬂ'lﬁﬂiﬂﬂ “umy 1P L%'IGU'E]Q
1. !(ip.addr == 17.0.0.0/8) 17.0.0.0/8 Apple Inc.
2. !(ip.addr == 74.125.0.0/16) 74.125.0.0/16 Google Inc.
3. I(ip.addr ==124.40.224.0/12) | 124.40.224.0/12 | DTAC Network

dmSuszuuUiian1s Android N3099oYa Packet N1 hideen1500N 1INVOYA
{ o 1 Y Y o Y A Y Vg
Traffic 1932990 lag lilin1sldaudeyameainiidon 3.3.1.6 Tanuinilu Packet Vo9
. ' () v a ) 19 1 Y] a
Service @199 N luaninsatlalanua waz 111 packet 910 TnsunsuideanisAnyInganssy

y . o @ a oA . a 79 { 9
Tagszy@oululun1snseq Filter dM5UszuUUHTANMS Android e1130ATIZHIDYANADA

Yo A
ﬂﬁ@\?'ﬁ)@ﬂ]’lﬂﬂ\?ﬁ'ﬁwﬂ 32

Y 9 { 19y ) [ a oa .
M99 3.2 Mansostoyan idesmsdwiiuszuuilfiians Android

LRS! L?;E)uhl"llﬂ'lﬁﬂiﬂﬁ nuvrgay IP L%}T’IJ’E'N
1. !(ip.addr == 74.125.0.0/16) 74.125.0.0/16 Google Inc.
2. I(ip.addr == 124.40.224.0/12) | 124.40.224.0/12 | DTAC Network
3. I(ip.addr == 184.72.0.0/15) 184.72.0.0/15 Amazon.com, Inc.
4. !(ip.addr = 23.20.0.0/14) 23.20.0.0/14 Amazon.com, Inc.
5. !(ip.addr ==68.67.152.0/23) 68.67.152.0/23 | Appnexus Inc.
6. !(ip.addr ==68.67.176.0/23) 68.67.176.0/23 | Appnexus Inc.

v 1 Y
1INA1519% 3.1 ag 3.2 szyNou lvlunisnseslures Filter 91n1iunatly Apply

iNedutiuNInT0edeya Aan i 3.6
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File Edit View Go

B waea 2ExXES

Capture Analyze Statistics Telephony Tools Intemals Help

Re9DT L

R Q & MEmx B
= 197 s

query response 0xa348 cNAME dualstack.adserver-1241967714.us-ea|j

standard query response 0x09b4 CNAME dualstack.adserver-1241967714.us-ea

standard query 0x50f2 A nyml.mobile.adnxs.com
standard query response 0xagl6 CNAME cdn.adnxs.com. edgesuite.net CNAME a

[5¥N] Seq=0 Win=14600 Len=0 M55=1460 SACK_PERM=1 TSval=40651|

standard query response 0x50f2 A 68.67.152.148 A 6B8.67.152.165 A 68.67.1|

[s¥nN, Ack] seq=0 Ack=1 win=14480 Len=0 M55=1400 SACK_PERM=1
[ack] seq=1 Ack=1 win=14656 Len=0 Tsval=4065114 Tsecr=122660

GET /p/fd/e7/1c/38/fde71c3827856e02fcc8665F4643402d. gif HTTP/1.1

[Ack] Seq=1 Ack=888 win=16254 Len=0 TSval=122660461 TSecr=40
[ACK] Seq=888 Ack=1389 Win=17536 Len=0 TSval=4065141 TSecr=1|
[ack] seq=888 Ack=2777 win=20416 Len=0 Tsval=4065143 Tsecr=1
[ack] seq=888 Ack=4165 win=23296 Len=0 TSval=4065143 TsSecr=1
[Ack] Seq=888 Ack=5553 Win=26240 Len=0 TSval=4065143 TSecr=1

[ack] ses —SBE Ack: 6941 win=29120 Len=0 Tsval=4065145 Tsecr=1 _

=| Filterr  I(ip.addr == 74.125.0.0/16) and !(ip.addr == 184.72.0.0/15) and !(ip.addr E| Expression Clear
: ime Source Destination Protocol Length e
| —— .101.154.49 = 5
9 0.951785 100.101.154.49 124.40.225.53 DNS 77 standard query 0x09b4 A ads.mobclix.com
10 1.024157 124.40.225.53 100.101.154.49 DNS 196
20 3.371093 100.101.154.49 124.40.225.53 DNS 75 standard query 0xa916 A cdn.adnxs.com
21 3.373468 100.101.154.49 124.40.225.53 DNS 83
22 3.516028 124.40.225.53 100.101.154.49 DNS 180
23 3.520788 100.101.154.49 124.40.233.90 TCP 76 59039 > http
24 3.563994 124.40.225.53 100.101.154.49 DNS 252
26 3.582001 124.40.233.90 100.101.154.49 TCP 76 http > 59039
27 3.582463 100.101.154.49 124.40.233.90 TCP 68 59039 > hrtp
28 3.585755 100.101.154.49 124.40.233.90 HTTP 955
30 3.714641 124.40.233.90 100.101.154.49 TCP 68 http > 59039
31 3.714883 124.40.233.90 100.101.154.49 TCP 1456 [TCP segment of a reassembled PDU]
32 3.715097 100.101.154.49 124.40.233.90 TCP 68 59039 > http
33 3.724873 124.40.233.90 100.101.154.49 TCP 1456 [TCP segment of a reassembled PDU]
34 3.725156 100.101.154.49 124.40.233.90 TCP 68 59039 > http
35 3.725228 124.40.233.90 100.101.154.49 TCP 1456 [TcP segment of a reassembled PDU]
36 3.725465 100.101.154.49 124.40.233.90 TP 68 59039 > http
37 3.725528 124.40.233.90 100.101.154.49 TCP 1456 [TCP segment of a reassembled PDU]
38 3.725727 100.101.154.49 124.40.233.90 TCP 68 59039 > http
39 3.734911 124.40.233.90 100.101.154.49 TCP 1456 [TCP segment of a reassembled PDU]
40 3.735174 100.101.154.49 124.40.233.90 TCP 68 59039 > http
—— Ama an mnnoan — —— AACE Trrn oo
@ Frame 1: 197 bytes on wire (1576 bits), 197 bytes captured (1576 bits)
@ Linux cooked capture
Internet Protocol version 4, src: 124.40.225.53 (124.40.225.53), Dst: 100.101.154.49 (100.101.154.49)
Al User Dataaram Protocol. Src Port: domain (53). DSt Port: 7254 (7254)

M 3.6 M3nsesdoyan luidoansluInsunsy WireShark

v v 2 [ A
Lﬁammmﬁ'ﬁ)gaiuﬂ@auu No., Time {a¢ Length INUU ANNINN 3.7

File

Edit View Go

IETEL X =

Capture  Analyze

XREE

-
j shark_dump_1380619779.pcap [Wireshark 1.8.3

Statistics

Filter:
MNo. Time Length
LU uoutug
2 0.485383
3 0.485709
4 0.485792
5 0.486256
6 0.486417
7 0.486506
8 0.662041
9 0.663686
10 0.713341
11 0.715453
12 0.715687
13 0.716957
14 0.909078
15 0.911026
181 nv1300
Frame 17: 68 bytes on wire (544 bits),
Linux cooked capture
Internet Protocol Version 4, Src:
Transmission Control Protocol,

0000
0010
0020
0030
0040

@ @’ File: "C:\Users\TenKwan'\Desktop\ Traffic\ne...

00 04 02
45 00 00
17 15 cd
80 10 1c
06 6e T8

00
34

84
24

00 00 00 00
61 94 40 00
97 ae 00 50
08 e3 00 00

45256 from firunk-1.8)]

Teleph ony Tools

e P TSI

| <gmm

Help

00 00 00 00 00 00 08 00
40 06 dO 73 64 42 bf de
25 78 21 af 34 64 70 5b
01 01 08 0Oa 01 76 40 84

SUC OGN~ WL OR s/

|Z| Expression... Clear Apply Save

68 bytes captured (544 bits)

100.66.191.222 (100.66.191.222), Dst: 23.21.205.134 (23.21.205. 134)
src pPort: 38830 (38820), Dst Port: http (80), Seq: 1, Ack: 1, Len:

Packets: 23118 Displayed: 23118 Marked: 0 Load time: 0:00.740 Profile: Default

M 3.7 msudasdeyans ilnlu Twsunsy WireShark
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Export 70ya l1ilula Plain text (Wwana . TXT) Taglddida File > Export

Packet Dissections -> as “Plain Text” file A40IN 3.8

-
a shark_dump_lSSOSlngp WIM (SVN Rev 45256 from nrunk-l.s)_

File Edit View Go Capture Analyze Statistics Telephony Tools Internals Help

l E Open..
Open Recent
Merge...
Import...

# Close

@ Save
[ Save As...

File Set

Export Specified Packets..,
Export Packet Dissections
Export Selected Packet Bytes...
Export S5L Session Keys...
Export Objects

& Print...

@ Quit

o B¢ %@ F L& QQAQ O WE

LS
|z| Expression... Clear Apply

3

Ctrl+W

Ctrl+5
Shift+Ctrl+5

»

3 as "Plain Text" file...
Ctrl+H T ot Poctochpe e
as "CSV" (Comma Separated Values packet summary) file...
4 as "C Arrays" (packet bytes) file...

Ctrl+P as XML - "PSML" (packet surmmary) file...
as XML - "PDML" (packet details) file...

‘ts), 68 bytes captured (544 bits)

Ctrl+Q

MW 3.8 M35 Export 1030 111w 14a Plain text

Y A ¢ v s Y o
Ao ldaaareuwana .t dendszmnues liandesmstiuiin (Save as type)

I 1 o { X
(31 “Plain text(*.txt)” 1taz 1@ IUVD9 Packet Format 1890 Packet summary lineddn1ni 3.9 &4

H Y
w2 18 Il yans wilnluguuuy e Plain text danndi 3.10 Taeviuguiiny Idveyann

TWdndeamarhlaasew

Wireshark: Export Fi i

U q

Savein: || New folder - @@ E- |
I T Name - Date modified Type
I *) Mo items match your search, t
Recent Places
Desktop
Libraries
A
Computer
."u 4| 11 *
L Fie name 123486 -
Network
Save as type: lFIain texd (") v] [ Cancel ]
[ Hep |
Packet Range Packet Format
(0 Captured @ Displayed Packet summary line
@) All packets 23118 23118 [ Packet details:
() Selected packet 1 1 As displayed
Marked packsts 0 0 [FlPack
First to last marked o 0 acke Bytes
@ Range a 0 [] Each packet on & new page
Remove Ignored packsts 0 0

1 o 1 4 I J .
MW 3.9 Msmmuaa e Export Joya 1iiilu1a Plain text
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o . aamme)

File Edit Format View Help

37136801 124
47137089 124
57.140783 78

107.381127 &8

117486838 78
127.523367 131
137.526382 78
147.564887 80
157.565175 68
187.565789 740
177711141 1418
187.711639 &8

mwi 3.10 Foyanswilnluzihiuy 1Wa Plain text

[
= (2

@ T a 4
3.4.2 megndoyaniilniasivialaanmsldaudeyavesaniinldudieszuy

a oa ' @ { 1 < =
UFuiamsaeg swmiaved 3.3.1 irumsudaseyaiiudeyansvinlugiuun g plain

text AAFN5 Tuavef 3.4.1 ammsldaulugiuuuaieg vuszoulfians ios uaz

Y
. Yo A
Android tane laaadl
x 104
35 -
i — 05
30 : ----- Android [T
B2 ! . ;
s : | : ] Vo
=] [ []
PR ] ' | ; |
B | ! : | ] P o
] I ’ : : ! :‘I H :
= | ' ] 1 W H " H H
S 10 . i — : iy na
o | ! W 1 H i [T H] 0o
: . ; P ; R I
5 41 . — —* : i iy
HH R nooh n 3 i i ]
o AL ks | L S R l. I At k i : . [
1 51 101 151 201 251 301 351 401 451 501 551 601

Timeline (Second)
d' Y ] 9 A A Y] 9 1 <3 4
MNN 3.11 ﬁ'J@fﬂﬂaU'ﬂlquﬁ‘Vl3']1/\]1/\'ﬂ1/]ﬂ5'3%')ﬂ§)']ﬂﬂ"liﬁlG])'\‘]'lL!Vlﬂ\H'J‘]Julcﬁﬂ

= % [ 9 Al A [ 9 1 < 4
ANNINN 3.11 uﬁﬂmmmway‘am11/\11Alﬂ1nmammmmﬂmmvmmu"lw Iﬂﬂ
1 a oA . &’i =] [ 9 ] J = 9 o '
W‘]J’JW?Z‘]J“]J?J;]‘Uﬁﬂﬁ Android HUUNITTU-TIVDYAUDYNIN LLazuﬂ?mmmagammumﬂmw

ERAGIIGHCHRERTON
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@
=1
=]

Android ———+—

‘| T =T T T T L =T T T T T —

1 51 101 151 201 251 301 351 401 451 501 551 601

Timeline (Second)

%]
[=1
=]

400

w
=]
o

Packet size [Bytes)
[
(=]
(=]
|

[
o
(=]

[=]

! Y [] 9 a { [ 1 4 .
MNN 3.12 @ro819voyans MINNATIIAIINNITIEUNLT Angry Birds

{ @ v a) { [ 1 [

1INNNA 3.12 udaIdIesNToyans MilnNas19IA9INNIsIaUINLE Angry Bird

' a A . d A o v 9 ' ' = 9 o
Tasnu 3z UVURIANIT Android HULMITU-dedpyatosnd1 nazlsuadeyadiuiu
1 A a A . ] 1 @ 19 o A J
1 luvagfszulians 08 uuunvaz Lilimssu-dedeyaas ouilosnnmnud

a oA A ' 7 1 1@
Angry Bird 3200115005 108 9 i Tamanmwizaouis uaunuduana1]urugaausIng 17

' g’; { a oA 5’/ A 1 < 1 1

mdy TuvaeNuuseuulRIian1s Angry Bird Hull TawanaouFuaunud natjuvgarau

o J 1 o 1
FIANII uaﬂmwmﬁﬂmaumnaiunﬂﬂ] AU

x 10%
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— 05
Android
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1 1 201 251 301 351 401 451 501 551 601

Timeline (Second)

Packet size [Bytes)
a

d' @ [ 9 A A [ 9 A ] [ 4
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d' % [} 9 a) d' [ 9 A [
1NNTINN 3.13 L!ﬁﬂﬂﬂ?@ﬂ?ﬂﬂlﬂﬂg’ﬁVI'i']‘I/\I‘V\lﬂVI@]i'Jﬁ]'Jﬂfl]"lﬂﬂ']iclclfxﬂulﬂiﬂslnﬂﬁﬂﬂll
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a o 1y A A o Y A s
MNN 3.14 Gl'J'OﬂWﬂﬂl@Haﬂﬁ'lWWﬂV]ﬁi')%'JWmﬂﬂﬁ'cl"]f\‘ﬂu'f]LSJﬁﬁ

1NANA 3.14 uaasiieddoyaniwiiniininnianinmslFuduad Taswui

a wa . a oa N 3 { 1 19 < ]
szuulanis i0S magszvulPIANs Android HuNANUDTUNIITU-TeTRY ATl UEIY
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] @ 1 v @ 19 1 Y v ' a A 1
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szuufiians ios imsu-duleyanadenuuinnszuulfiianis Android
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FOR each second
Initialize Current radio resource to 0.
Initialize Current code resource to 0.
Initialize signaling message to 0.
FOR each active UE
IF UE has usage time > max duration time
Set UE to inactive.
ENDIF
ENDFOR
FOR each active UE
Current state = Determine current state from traffic.
Current radio resource = Determine current state from Current state.
Current signaling message = Determine signaling message from Current state.
ENDFOR
Current code resource = Calculate from number of Active UEs.
% of radio resource = Calculate the percentage of current radio resource.
% of code resource = Calculate the percentage of current code resource.
% of signaling message = Calculate the percentage of current signaling message.
Criteria = The largest value of % of radio resource , % of code resource and % of signaling message.
IF Criteria > Threshold 2
Set RRC timeout Level 2
ELSE IF Criteria > Threshold 1
Set RRC timeout Level 1.
ELSE
Set RRC timeout to Normal.
ENDIF
IF Current radio resource <= radio Threshold Lv 1 and code resource<= code Threshold Lv 1 and
signaling message<= signaling Threshold Lv 1

Add new UEs to Active UEs list (number of new UE up to TPS value).
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DO
Set Inactive UE to Active (Recall).
code resource = Calculate from number of Active UEs.
UNTIL code resource > code Threshold Lv 1
ELSE IF Current radio resource <= radio Threshold Lv 2 and code resource<= code Threshold Lv 2 and
signaling message<= signaling Threshold Lv 2
Discard any new UE call (Blocking).
ELSE
FOR each active UE in the list
IF Current state is Cell_PCH or IDLE
Set UE to inactive. (Dropping)
ENDIF
ENDFOR
ENDIF
FOR each active UE in the list
Random to set some UEs to inactive (Handover).
ENDIF
ENDFOR

Calculate the energy consumption.
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