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Agency Communication Design for
Contingency Cellular Network

Abstract

When stricken by a catastrophic natural disaster, the efficiency of disaster response
operation is very critical to life saving. The efficiency of disaster response operation
is greatly depending on communication systems. However, they were usually not
dependable, including cellular networks, and often crashed due to power outage and
backhaul link breakage. The failure of communication systems caused a big
coordination problem to many disaster response operations.

This thesis proposes a Contingency Cellular Network (CCN) by connecting isolated
base stations to survival base stations using long-range wireless links to restore part of
cellular network functionality. People can use their own cell phones for emergency
communication in the disaster areas. CCN will be able to support many disaster
response workers in the early hours of catastrophic natural disasters, thus to save
many lives.

Since the receiver of a phone call in a disaster area is usually a resource (agent), not
a particular person, we designed a special Agency communication mode for CCN
allowing CCN users to initiate a phone call to a nearby resource by dialing a
designated agency number, instead of a real phone number. To verify our design,
we implemented an emulated CCN system using an IEEE 802.11 Wireless LAN to
mimic the CCN network and Android small phones with VVoIP software to mimic user
terminals.

Finally, we conducted a series of experiments to evaluate the performance of the
emulated system. The experimental results show that the emulated system can
respond promptly to the user registration and call set-up requests. Mouth-to-Ear
Delay (MED) can be effectively controlled below 400 ms when there is no more than
30 calls originated. This system may be used as reference for the future development
of contingency communication networks.
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o *  user friendly
Popularity *  sufficient amount of terminals
* task original communication services
o * adequate quality of service
Usability * long standing time of terminals
*  mobility
*  low development cost
Practicability * easy acquisition of equipment
* construct rapidly and easily
. * sufficient nmumber of concurrency users
Capacity *  resist the burst of call request

*  reliability
* fast recovery

Adaptability ~ ° sci-adjustment
*  OAM functions

3
-
=
<

Sustainability

Operability

BHRAPARE CAICRE > AL R UkEE N E SRR N 44k

i%ﬁ%%%ﬁﬁﬂﬁﬁ°E%ﬁﬁﬁﬁﬁﬂ%ﬁ%ﬁ&ﬁﬁﬁiT,gﬁ@w

9



i?hﬁﬁﬂﬁ?ﬁ?ﬁﬁﬁ$—lﬁm?ﬁr%lZ”rT ¥ 2 pfov ¥ P g uamgw%

1)

(2)

BT R A B T AR R L kR R

RrEF R
¥ 2 42 (Popularity) @ d >tk > B2k g 3% 5 ¥ LAk s
PlAriFEE M A HEEMT AN EAREMRT AR A AR

,J.

ﬁ
O
2

-~

3 SERE ALY UL S B

R R g Ui
T E oY ;,;4 LR EBERT AR R RAT f AR T8 TR
BAVRA G R O HERRT AT ERRAT L HH G T
o BT Y BRI B A PG - BRALN JBRNER T Lo
HE 235 - (a) 2% o (b)) v 2 T‘ﬁ_f%:ﬁ’!:g*&%?fji‘gpfg?—iﬁ o
7% ¢ (Usability) @ d * A8 % ehiga iE 22 T > A N 5 AL
LF gLy RY FPE FUAFT O ZTRET Y HEELA
Bm 4k b T J e o0 WPRFE T ¥ VU LR B il ORI
R R et AR R S R R B R
B eniE s pE o

® ix7+¥ - ¢ 3 PRFE (Task Oriented Communication Services)

SN

F 0 ot (POTS) » #Hsdicst (walkie-talkie) o3 &
W28 (Agent-base) efRAF o Fl i UELR I TEFE I
A PR ESE O AR S U BIFL TR R
FUMEE LAl > Pl 2 TESME REELN S

B B AT RN L e R B B2 B e e o gt v B
BEFKCERF 2R F T ERE e RS TR A KR

-~ FRFEAPFLIREF AR A ERFLF L S

~=\

fﬁf&%?}%ﬂ?*—! e AR T WS ,T}bp WIEALAR L B A

10



FE TV E- BUpFL o
® i § il % F IR (Adequate Quality of Service) : ft it 1 iF ¥
AT BT o v RE R B Y > VW NS T R

BHL R R E A Y G B 0 R R o F

® Lren¥ =’ & (Long Standing Time of Terminals) @ & % #
PN U R BEDFEIRAE > » P RER T 0
FERFATFORY F LMD 5o FE AUHY S HBRE AT
B3 b BAKGFRERNE RS -ALRF R FER

A — B R4 REE N }gﬁxm,gﬂ;i » 3N 7 F”?‘iﬁaz’ft‘);”ﬁ & r T e D

Flat ek AL P B R B 0 T 0 10-12 ) pEenie ¢
P B XN AAT - TV - X g o
® H#d (Mobility) @ X %7 chig* & > - Bl F &2 ZRIFF
#

B TR L AL KRR

a

=
\
=
s
o
w
-

SNSRI SRR IR S (RER SR o]

WEBRRAD T Sk TR R S ARG R TR

(3) ¥ wv 74 (Practicability) : 9w+ 7 8 R4 5%y b g4
ABFROFRFARY R A R O T RE TR PR DT T
TG SR RGBS e B E S A BN
g R -

® B E A (LowDevelopment Cost) @t 4= # eid 20 4k Sl &

11



(=

-n\v

TETS N E EINER RN FHERIIITY SR L

WRD o] o M K R AL IR T A R R g
J?fgor]tbl"‘; ‘«AF'B’?A'*’“/FEQ:’}% # ”’fﬁféﬁﬁ?f;&?ﬁ%’:’%ﬁﬂi

MKATAFEEF S Aech- BEELE

® iawErpEk# (Easy Acquisition of Equipment) : d 3t %

(w
<k

PRk WA AT B PIRIE R EE I EE N LR o

FARBSZRS SRMERIL T XA S rE R R E

Hael o AREROT R 2 UK INE A RS PR
AR R R S I W R K T2 B R AR
5 RLeno

® 4 & @ (Construct Rapidly and Easily) : F]Jﬁz 73 05 K
P HRRCPE R o R FIHARS RSO HIE ARG o BES & 24 )
PERNE 90% > %251 48 ) P2 AR : 50% 0 49 % 72 ] BF T
209 0 A2 T2 | PEEE 0 HiEE A B 596 o 51 AL §ehd b o
BEEA gt b BEPEL A T2 0 EE
M ART R R AR EAf RS T BEE L

o g BREHE LRI D R

4) ﬁf‘" (Capacity) @ ¢ ®p i g &8 "’L’“‘”m’k?m Sl PR
B LR E A A iy e B A URPAIEEE
SEEI0R R INFLIENEI6R AR LR ST

e =

180 B 0 BT AR B OMFRRRT AR LB o BEL R
famenid P RRT F 2 O R o B R Aot A F il 1
PR A RAL PR RAESCLRM ML T RAT R

LR G PIES RIR R 4 0 LR E P R R S R

12



(5) # 3 1+ (Sustainability) : 2§ @ MR 2 BB T F F FERS T KL
2 A2l gabl? EXLELY 15X 4 20 RBT R RE
T A R b - S RO R Rz B R E R - B
MR A BB M FE
® # 3 (Reliability) : AFHFT 27 > a7 kB s ihehv L

A s
® i tkfk (FastRecovery) @ BAil ;Ui A GG A28 07 LA >
LPRFAY BT1E 0 A dE L B2 P chiB 4 R A T Y F R R o

(6) ¥ # £ (Adaptability) @ ¢ % ¥ X LR AS N E R BRA A X
RELEFTAE DN > 3 VDT RT > 4 R IECEEL ARG w
REAFT RO FREPEROLF -BGF>A7T 2 2d0p &R
#FF R e

(7) =& (Operability) :
® OAM Functions : &4 ~ & ~ g Z{rad s i fLi OAM # it o

PRAE ARET L LR TR OAM & JF 1504 g 1 R

Fl o~ Rk o RREE
116~ B&TLARR%LHE

AAE I BB L E F NPT L N I R 4

| % Sk BiER* L RAE N kN A

I 2EEE R B BEE N L B Ae R DFERER

I, XEBFIRER - BBEE N AR FEEREN CRPELE B

V. ¥ BEXRFE 2 F 0 LRAREG B REEL N FAENKE DR
V., $#BAFHRFIMER D LR A RF TSI AKE RS B

VI ¥ BEFFHEBE D CF A RBFE ARG H &y 4



VI @R&EF 1 2 REE b ol g

VI (38t B © R i hd S 4o ks o Fwgasnlt B
BEE ARG

R L g kg & SEE (Walkie-Talkie) ~ ¥ 48 &

,:45

I

(Amateur radio) ~ 7 A 3~ B il 2% % (Trunking radio) ~ #8555 &
BoEeRaiTE R FIAYE

3 & * MANET(Mobile Ad Hoc Network ) [4,8,31]

EHRBAL f o P RS S S A

FhErbd ALfI* A3l v M EFaRT T A * F2 &
F ¥ i P Fl

FEM M T AR EPRE Y B R R K2 T i B B AT
TRFDF R FE o - AT g ARG

BHEAN ARL G LB REA N (Fete ViR ok PR E)
AF R E - E2 ARG ELEE G > FREERBRAEHEA T
R GEYRE o BRAFREZ GRS DL HRA -

ﬁ@ﬁ%ﬁéé@w&ﬁiﬁ@%imﬂi’#$§${m%7%@mmﬂ
E S RFB R R B

Amateur radio P E_iF fL ¥R RT 0 FRAFSF AR > TRTE FRIP TR
FATERT LA A B R R R gL B

MANET RIZE 5 Z 8¢~ p i~ AT RSURE > T2 F &5 SA#H

EEAHF > & MANET P 975 @87 SEpF4e » VR - R Z ER B H Y - B

SRR T > SRR RETRM 2 FEFHTHELFEES o
Walkie-Talkie p 22 + st o7k SR AT ;7 - > H BEER S - & 45

Bl ERECVELBTRY 2 ZFALGE. T RS 5

%K?W?%E FACERIR L 0 BT R f b o

FHEARAPR/ELN SN AT HF L BAAT RPN R

14



KT WREN A R OUHAT R > @R P - LR Fp A

RN A E RN B - L1 MANET Bt

o A F ‘fb’f‘ﬁ;?}‘
P2PNet: fe+ 3| % AL T 4 2 4> VgL LA B g B2 p 3 en

D

TR WM H o0 MANET #058 Walkie-Talkie i€ (7 ‘&5Edg3 i 3 > H

<t“‘

-~ h TN

BEIETERET rﬁﬁﬁ’f: IRES AR REE T AR ES 2l
o

Mo & 3d K58 7 801 7 e g (Contingency Cellular Network » CCN) > ] * 35 eh
Fd kY A Eead T4 AdEnd ks 5o Wi-Fi £ 28K 4%

IAPRM o E 2 - BIRFRE S B OIRT 2R o HRRL L F iy

S WP LR > 4oB] 150 A% 2 T CCN R +$§p7§kﬂbah£ﬂ °

Core
Mebwark

é.i iner

Generatar

=T
LR

i i Retnailiid o=
i8] 1-5 ~ CCN g2

1.3+ CCN# g fj 4

EL RS E TE L ERECERE BEEEE T RTS8

_E"l

Be T2 ol b or B 2 B 5N RS R R 2 T g e BT

o A 00 CON BB 5 AR Wi CF N HRT R > P nb LA

FORF L TS U Se (TI  r

7 o

ez TL

% CCN i *MHE B TR "Lehin™ » A& 208 9Ty HelEg

Zkom ’L‘Lﬁﬁ‘ﬁ’&,ﬁai"f s & g ;E%EEA\,}&&}!] ii;l;jgﬁtj AN H gy

15



SR R o FlUt R < R FIROR B TR AT MR il S L 4
Flr Ap SHERETT R RPRFEEAA LR (Agency Communication
System> ACS) # 22 CCN w2 2 & s F i eet vl 037 22 # 5

-~

BTN DR F A REE TS [ RAEE

>

- - ( CoreNetwork _ "/t;'

Isolated Base Station

ACS

ECModule PowerGenerator

hrxaas oS- FH ARk tedeEns paE L AT .
RS EERLS AT e (CON) EHE#i o ¥ e 4 CCN
FH s AR TR L FHEA NG 5 T F R A SR REF B R L

G §2 R - AP FRIUBIE ARZN B R A AR BHhY

16



¥-F - PMFEY

¥ = ® T 3 4 3G (3rd-generation) » H iy B i dcky @45 ik 5N R 6
AP 3G Fpbrit S e PFGE S ()2 Bdp (DM Tprg s ).
AR R RIS o AT - & (1G) A AR TR R
SR (26) RE G BFAer R PR R S RS B
Rt 2. GSM ~ CDMA % ficiz 3 %58 £ 48 > 3G & % £ 8- 4R 30 & Internet & 5
PR B IG5 £ AT R R ks 0 1 & UTRAN (UMTS Terrestrial Radio
Access Network ) 22 CN ( Core Network ) 7 2% 4 2 2 [36] > 48] 2-1- 2 » - UTRAN
3 ed A 22 Radio A4p B et it 0 @ CN PR (7 #9330 % SLp endp g 353 o

\:”"fr' @%Jb"ip\ K4 Psf—ﬁx ¥ e e 89 HEi% o

| Node i | |
USIM || & I T I =0
b — - 3G GMSC
}RNC‘MIC?M N |
Cu | [ede B I u/g . D /D
. Tub [lur | .~ lGs JHLR|
P ' | N : o e |
ME i Node i i u-PS. i ‘,G‘F \\GC i
N RNC [T Taps | G SGSN G, GGSN fa-
i Node B i ] External
_____________ U E N S ... Networks
UTRAN Core Network

@ 2-1 ~ System Architecture of 3GPP Release 99

17



211 @ * FHRAN IAEP RRB P

UTRAN(UMTS Terrestrial Radio Access Network )4 % i RNS( Radio Network
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Hardware Specifications

Notebook

(0N Windows 7
CPU Intel (R) Core (TM) i5-2520M CPU @2.50GHz 2.50GHz
Memory 2GB

Wireless Card

Intel (R) Centrino (R) Advanced-N 6230

Software Specifications

Eclipse IDE for Java Developers

Development Tools

ADT Plugin for Eclipse

Java Development Kit

Java jdk1.6.0_33

ACS Server

Data Base System

Microsoft Office Access 2007

UA Implementation API

Java Development Kit

Java jdk1.6.0_33

Software
Kit

Development

Android SDK 2.2+NDK Revision 8b

Speech Codec

iLBC (internet Low Bitrate Codec )
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R F SN 32 5t 425 (APP) > 5 E MainActivity g e & ¥ i
7 it 78 P o 4p: Message Code #-#p 430 4 d&4¢ 5 Bedpdte #5551 UDP 1

T_hE AR BiE > d EC Module f2 dx 4 L 0 d ACS & i3 m Tl e

FAIRALT A G 24~ w AR50 L (Request Message )~k svw
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i@ F‘ ek S IV PRI G2 3 4 S Response Message &k sudk B PRARZ (8w
L ﬂ\ 2 4 5 Error Message R &_i¢ * Jz AP S PRI A EFAE L

FABF2HEAL c EAFEAL%HE N & L AR E 5350
#. 5-3 ~ Request Message 7 F

Request Message Code

Code Message Remark
101 REGISTER L R
102 DEREGISTER ERE |
103 INVITE A IS
104 CANCEL I
105 RINGING P&
106 CONNECT ;ééz =)
107 BYE Wit

# 5-4 ~ Response Message 7

Response Message Code
Code Message Remark
201 REGISTERED oA
202 DEREGISTERED EE e o oM
203 ANSWER Y
204 CANCELED WFEB S
206 CONNECTED W M
207 DISCONNECTED WEEe ¢ gt
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#. 5-5 ~ Error Message 7 F

Error Message Code
Code Message Remark
401 UNAUTHORISED A B AR
404 NOT_FOUND ZELE A BT
405 NO_ANSWER &£ AJEE
486 BUSY R
487 REJECT W FEARIE
500 SERVER_ERROR b SRR
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| 106 (CONNECTY | 77 1|
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| | !
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|

|
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5.3~ AUk i 2 kiR

4o @) 5-5 ~ B 5-6 #r7+ - % =8 (Originating Side ) % % ¥ (Terminating
Side) 4 %[z 3tef et H507] (Call Model ) kzp &k sueted 232 (Call Processing )
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® F:z# (Originating Side)

1-#% (ldle)

N =3 S TP A RIS N PR AR Y
EFROCON ey p i » X ariifz Ul > 0 & TR R BEIRBE  § i
F|’REGISTER P U 4 » iz 2 | S BB e e ol A FHEEY ¥ 8
#aed Bk (F#9 ) ¥ {cF”DEREGISTER UL FF » B = T icsd H 3
floo kSTl R T 2 B (INVITE M 8 s Rt L) 5o ks i
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i i ;—éﬂﬁ @i w35 (ring back tone) » fvf i A Hp B T F]”ANSWER”
BERLE R Ted by~ J T (7 3 24508 ) £ 7 w6 2 248
Ao RBYFE M EARE R A~ Active Rl o FP W E T AR

2P B B 3% BUSY 2 3 4 £ 39w Idel i fi o 582 95 et e & §
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@M A fer P PANSWER 2 s 4 0 AR p B B R W
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BUFRRE 2 f ARt A RN TR (e U mR Y 20
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Disconnected
Release
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lapping_Agent Grou CANCEL

NOT_FOUND
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Release

Interrogation [l
Originating Side
Call Model
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% 5-6 ~ ki ¥k i g % 4 (Originating Side )

Current State Event Next State Action Taken
Idle Call_Orginated Interrogation Mapping_Agent_Group
Interrogation Neighboring_Agent_Found| Call_Proceeding Proceed_with_Call
Call_Proceeding Call_Setup_Attempted Paging Send_Ring_Back_Tone
Paging Call_Answered Active Make_Connection
Active Disconnected Idle Release
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ghtfrdefsie s Idlek o FETRHBER AT E 2 AL PRI FESE
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e

&
& W
ko

BAri % R ORI B # e w 8NO_ANSWER U 4 » 4 S ff e i
o 12w Idel ik fi o
3 i i (Active)

FUARRSE G f A E T HPM TR (F a2
WEl) TR{EFFLFERE (LY ) 2 BRREFER - Ed > k]
FHEER JUFESAF  d U@ diE- S FEBYE L #R il &
e BT R AR FR TR Y DIOT R R AL R L ARR B R R

A (RSP ks T Idle i o
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Disconnected
Release

NO_ANSWER

Active

B 5-6 ~ % ¥k i B (Terminating Side )

# 57~ & ¥k & % 4 (Terminating Side )

Terminating Side

Call Model

Call Answered
Make_Connection

Call Abandoned

all Setup Received
Send_Ring_ Current

Alerting

Release >'--_.

Current State Event Next State Action Taken
Idle Call_Setup_Received Alerting Send_Ring_Current
Alerting Call_Answered Active Make_Connection
Active Disconnected Idle Release

5.4~ % 13 WIRFEIAAR

& i 4h CON 4 52 ¥ i

S L

Diagram, DFD ) » 3p? 3 3d 353 = 2 % b
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Service Process Controller | 1 o e [~ AgentManager ™\
- o
— Agent_Group *:L Group_Profile_Query } Agent Group Profile
" Group_ID __|
|/ Service Center \ — Agent_List —q Agent. Proﬁr'/e_Quea/} Agent Info Profile
r —
. INVITE \ /
(Dalled Number) f User Info Center
- MSISDN
Call Setup IMSI _AL User Profile Query jo— User Info Profile
RINGING -
(Paging_List)
o / Mobility Manager
) IMSI
ANSWER - . .
(Call_ID) Location ——[ Locatrion_Query ] User Location
L locations |,
CONNCET Neighboring_Agents _‘( Search_Agent J
— (ChannelID) { Call_Management \ —)
N Caller/Callee’ s Qos Manager \
Group_ID
BYE » Communication
(CallID) [ Priority _L SLA Query ] Priority
DISCONNCET Call Release Priority |, —
(Channel_ID) Channel ID 77L SLA Classification ]

_/ \Z

»  Agent Manager

Function Input Output
Group_Profile_Query Identification_Number Agent_Group
Agent_Profile_Query Group_ID Agent_List

»  Service Center

Function Input Output

Call_Setup Dailed_Number Paging_List
Call_Management Call_ID Channel_ID

Call_Release Call_ID Channel _ID
» User Info Center
Function Input Output
User_Profile_Query MSISDN IMSI
»  Mobility Manager
Function Input Output
Location_Query IMSI Location
Search_Agent Locations Neighboring_Agents
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» Qos Manager

Function Input Output
SLA Query Group_ID (Caller/Callee) Priority
SLA Classification Priority Channel_ID

541~ #@FEEZ AL

@7 KBS PR AR DB Rt~ CON % B o A G
@i g L 0 m# BSC (BS Controller Function) #z INVITE Message

FEEEW L T PRIFARA K ¢ PRIRARI 4 E (Service Process Controller )
BT - iR i AMPRARRJIZ AT 0 T3 i e EL PR K (Network Service Layer)
WL EA L o & A ARSI H B o] 5-8 ST o P AT o
® Step 1 -~ Service Center 3] INVITE 2t & {8 » & (78 58 & 47 o
® Step 2 ~ Agent Manager ¥ e B % N A L EF R S R FTAL o
® Step 3-Mobility Manager % 45 K B & 2K At e 4 f ) o
® Step4 - Service Center it {72 > B2 X ¥ e | B2 @ MIEH G § 0
WRRL o
® Step 5 ~ Network Process Controller & #7X :£2¥ 2 B % k7 2
® Stepb XFEHEHELSRBIIIKAT AL > d HY - L RdEeted
v @ ANSWER = 4, -
® Step 7 ~ Service Center 33 Ji& ¥ 31 4 {8 > » Qos Manager # 4 % & fF i
o RAET gl B -

® Step 8 ~ Agent Manager £ #=# e = | P mi ki 2 EY o
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® Step 9~ Service Process Controller v % &/ % &4 % ¥ CONNECT i i

ME 2 B R - B IR e

BS Controller ‘ ‘ Service Controllerl Service Center bgent Manager‘ Mobility Managerl Qos Manager | gent Profile | Network Controller

1 1 |

INVITE i Dailed Number i i i
|

|

I I
I I
g | i
@ {(Analyze Digit Lookquroup i
[
e —— Mapping )-——— - H

I
Agent Location Query ﬂ i
- I

|
I
|
&________i_—-@)-Q:md MNeighboring AgenD i
: dalnnectlnns Create :
\ |
I
__________________ @) _ANSWER T )
I |
Priority Query i i
@ |
|
____________________ I —— |
| I
I . |
® Update AgentStatus(TaIklng) D
[ ]
S A IS

C)
TR ammm S

Network Service
Layer

User Access

L Service Process Layer
ayer

] 5-8 ~ i 354E 2 75 5 ]
B 5-9 #miLp § ACS 23| INVITE 2 L pF > 3 e TREp 2 @ 4t g4
FOMSE R AR S|4 EIE o
Service Center 23] INVITE 2 & ( 5 2 2528 £ B8 ~ 7d5dm2 5578 ) 14 »

i 3 /5 (Call_ID) # #- Message Faliedrde k » ¥ A {73 e £ 5L vt

Y

= Agent Manager # ‘= & #L % 34 # i (Group Profile Query function) # ¥ % >

FOLABFEFTHEY FZ I Pl HEEH NOT_FOUND 4 » &5 Hp: 3#
e R L i e s B A9 7 5 (Agent Profile Query function) 4% ¥ e B

5. (Group_ID) #za#r3 = R & H - Service Center ] * 3o = | e+ 5575
= Mobility Manager ## = = % # %4 # it ( Location Query function) 1 # 3§ % & =
AP #merhiy » ¥i5:iE¥ 2= B 5 (Search Agent function) & :F 1 Fi7% 3

—';]z et K ff;%;é—‘g,l‘zéfi el i 8 (Paging List) » i'f?#%%"éﬁ—g—ﬁ red |- - i

sek el 0 53 RINGING R4+ 930 &, (5 % 3555 < #5504 ~ Paging_ID
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wﬁ'v4}§.§:fb) o

ACS EC Module
Agent Manager Service Center Mobility
Manager
Start
T Message:
;J;Vl I:~, - |1} Caller MSISDN
A 2} Dialed Number

T
Dialed Number
¥

Identification Wumber— Digit Analysis

Group Profile Query

Error Message
(NOT_FOUND

GrouplD

Agent Profile  Query IMSI

/ Agent_Info /

Location_Query

T
Location

Message:
1) Caller MSISDN
2) PaginglD

Y
a_’ Paging_Info LN eighboring Agent Search_Agent
A
Paging
Message =
(RINGING)

Bl 5-9 ~ e T Em 2 W 2 EF 2R
Bl 5-10 i et vl 2 ({ EREALSH B AR LI UTHIE o K 2

IN .,szf;’g E/(%il‘f‘_ﬂli v
HRPERFEE AR PFFERALT 7 eI ANSWER 5 S > §adame

WpE ok sLR] iRy Call_ID 5 % Paging List » & & mwked el el | % > Al w

B4 7% NO_ANSWER 1 4 % & %4c 7] ANSWER 3t &

oS A 2x
ka\?r'ﬂ L Fe Do

7 ~ Paging_ID) pF > i {73 35 2 42 B > ik g5 Paging_ID #% Paging List 45 !

a5

i e F ol 1% Qos Manager #¥ v 3 23 3 PR A4 & 4 39 (SLA Query

function ) » i ¥ =/ % & ﬁ O H B R T % B A (SLA Classification



function ) - Service Center P~ 171 32 iR A (S > WOF W M @ * e fe » B~

SR Y LI
= 4 fle 2 e il 3§

WS P B

R R

;2
_LrF

=

p

BUSY L4 » %P  i71

R RLMF R RE LSRN Y o Agent Manager # { i

LAY 0 kv K CONNECT 2 5 (53

PR T EIE

g * ol i B 5L Channel _ID) -

ACS

EC Module

Agent Manager

Service Center

Agent Profile

Check ey
Paging_List )
N
Y
Error Message ANSWER M SR .
(NO_ANSWE Message =| |1) Callee MSISDN
— . 2) PaginglD
PaginglD
. I Lookup
Query MSISDN Paging List

e (Agent ID

-

/

Agent_Info

Group_I1»

v

Qos Manager

SLA
Classification

Has
Unassigned
‘hannel’?

Priority |

Error Message N
{(BUSY)

Y

Channel

(Talking)

Update AgentStatus

Assignment

ChannellD

'

Info Message

Message:
1) Caller/Callee

7 ( CONNECT) MSISDN

2) Channel_ID

Kk sk

gj 5'10 N %3:‘.5,9_‘:’1 P4 ﬁgé'),—% € v

A2 R
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do{ Misterng port | listen to chent's request message

anlyze messagel),
it (call id =null) create call 1d();

save_recetve_tnessage(call i1dmessage);
switch{get message codelcall 1dn{

case "INVITE":

if (get callee oroup id{daled digit) = null) {
send error message("INOT FOTIND";

telse {
get caller groupluser info);
get agent location{group 1d),
find nearest agents(caller locathon callee locations);
paging agentsinearest agent lst),

while(start connection timer());
if (connection time out && callee noanswer)
send error message("MNO ANEWEER",

}
breal;

case "ATTSWER"
disconnection other agents();
getting group provity(caller group callee group);
it ( get_empty_chatmelioroup _protity) =l ) |
send error message('BUSY™,
telse {
assign cotntunication channel(channel 1d),
save_cotmtmunication infolcall 1d caller,callee, channel 1d);
update user statusiagent id,"TATEINGM;
update channel statuz(channel 1d,"TTSED™);
send response_message("CONNECT channel 1d);

breal:,

]

@ 5-11 ~ Pseudo code ( Call Set-up)
542~ MpE¥ AR
WEEALY £ - HETR AP > User Access Layer #-i% 1130 35 % 1k 3
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4 BS Controller Function £y i¢ * —"Ff BYE Message " #% i¥ 21 4, T Service Process

Controller - Service Process Layer p Function #-i& {7 3o 575 ik % i 3 i il

¥ 2 F2 5 > % Network Service Layer p Function i 50 ¥ — & @ $7id 354 - &

1 PR AR ST Hp B Ao ] 5-12 1m0 PP Ae T e

(Originating Side) (Terminating Side
‘ BS Controller ‘ | Service Controller ‘ ‘ Service Center H User Info Center H Agent Profile ‘ ‘ Network Controller ‘ ‘ BS Controller
i i i | ‘ i \
: BYE (@ | ChannellD | i INFO i : i
1 1 !
| | <a@nfo_l\."lember }
! ! BYE |
| DISCONNECTED , ‘
T RELEASE ~~ [T~~~ ~~~~""7~ R [ B I
) * 1 |
3 Release_Resource } i
Clear_Channel i :
Updlate AgentStatus (Idel)z ! i
________ I — |
Released i i :
DISCONN@CTED S ! ! :
it BT | | |
L L ‘ ‘ | L)
|
User Access . Network Service | User Access
Layer Service Process Layer Layer Layer
B 5-12 ~ i 354 2 ¥ 5 B
® Step 1 - Service Center 3| BYE 3t & & » &4z * H P A W
2% (Channel ID) 45 Vi #5384k -
® Step 2 -~ Service Center i%iF Network Process Controller = ¥ — = 3 %
DISCONNECT i 3% 1k 3 g, o
® Step 3 - Service Center fz 3| w R fs » FIM L TR 2 FREFELYE -
® Step4d -~ AgentManager B # 3 m F p e ik 5 FsY o
® Step 5 ~ Service Process Controller = % DISCONNECTED i 4 & ¢ %7 o
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B 5-13 3wl PP i 35 5% A A2 A 2 47.5% 2| %7848 - Service Center {3 BYE 3t
A (zr 3‘ T IR ~ % i 2 i A %L Channel_ID ) pF > i& Channel_ID #5

FIEP R R F TR LA RS LR TR AR

l_

FeRIsE s b L A i 2 MR TR 2 R
s R P o AgentManager % { # A/ AR S BT o ke BR Y 4
DISCONNECTED =z 3
ACS EC Module
Agent Manager Service Center

| Start )

y

, Message:
MHW‘ ——] 1) User MSISDN
cssage 2) ChannelID

[
ChannellD

Release
L Assigned
Channel
Update
AgentStatus (Idel)
VICasd 20,
- / Info Message _ | [1) Caller/Callee
/{DISCGNNECTE MSISDN
2) ChannellD

B 5-13 ~ i 3% K o A2 R
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dof{ Mistening port | listen to client's request message

anlyze messagel);
ificall 1id =mll) create call 1d();
save recetve message(call 1dmeszage);

switch{get message codelcall 1dn{

case "BYE"
get communication infolcall 1d);
send response message("DISCONNECT" channel 1d);
relase_channel{channel 1d);
update_channel status(channel 1d,"ERPTT"),
update user status{agent 1d,"Idel™);
breal:;

®] 5-14 ~ Pseudo code ( Call Release )
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TERBEA GV AMHOAPEFEAREE ARAMERERE R -2 R 2

ETIS

F o o &% Wireshark (feiedte f2478088) &R PG AE = 0L BXEE -

FP- s iR (e AR L - FF e ) REH LEPT 2 FH

e

W3R o X R P e st Log File » T A3t A 45 2 AT 0 4EPEE ST L i3

R EREY £

-\-x\1,
A

Rix o i By WBR P RF T riE 2

i * — % Notebook iz % B EEE > W X H e | & F4etel
BRI ERRERLE TR AT RERL -

& % — 3% Notebook Hij # & - kas § iE (7 8 b PR A B
B NN 13-

i % — 3% Notebook % §' # e i 3t % Ko Server #3475\ 0 R FH de 2 [ el 3
T % fp — % Notebook + 783k ACSDB i 3 #H 2T 2 Hae x| =

3 —F{ #7178 ¥ Request Message » @i 4fe p % % % 7% Message Code ¢ » ¥
A E S P RER

voebig s L Android 22 A FERE R LR R 2N EEL

o MURIR Y R A2V GE R RIEAT o
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# 6-1~F %K A

Item Equipments

Cell Phone ( Android 2.2)
User Equipments

Notebook (ACS Clent)

Communication Devices Notebook ( ACS Server)
Virtual Base Station Wireless AP
S T N
.z; x"
; At
r A
£ b “
r | *,
/ ACSDB EC Module |
/ ICC Module AN
/ g] \
) A
“f Cell Phone (Caller) [ - - N 0
kY
% &
*, £
A £
'y
A" &

Ay | ™ /!
! /
kY #

5, £

,

ey
s NE (Callee) Cell Phone (Callee) 4

\_____ Wireless Network /
B 6-1-F%%ER
6.2 ~ it Bip|E A
® KRB EAT

B Wireshark

& HPf247 UDP 4t¢ (@42 @ f£dd ~ 3

4
iy
"
Ln
oy
N

¢ TRiEihAUE L BB
® TRRRite R
B System Log File
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® LIEFEhiEARY o A AR L RJUARE PFR edkE T
>+ log #% ®

RERASNEIEP 4o !

B F5 1 6 apsoa £

L 2 P 2-1 - BT Re
L 4 Bk 2-2 ~ AR T

peapng [Wireshark 182 (SYN Rev 445320 from /trunk-1.8)]

Fle Edit Wiew Go Capture Analyze Statistics Telephony Tooks Internals Help
BWoee BEXTEIAesnTLEEI Qe FBM% B

Fiter: ‘ wip v‘ Expression. Clear Save

Deexyption Keys.
Fotcol  Lengh  Info
upp

15 10.453887000 1 Source port: 53678 Destination port: 30000

I

16 11.467785000 s5DP 208 M-SEARCH ¥ HTTR/1.1

18 14.477987000 SSDP 208 M-SEARCH * HTTR/1.1

15 16. 578097000 192.168.0.7 192.168.0.5 YAMT 73 [Malformed packet]

20 16. 802038000 192.168.0.5 192,168.0.6 uoP €2 Source port: 53679 Destination port: 30000
21 17.490593000 Fe80: 18544 c41f i Fleffo2:ic SSDP 208 M-SEARCH ¥ HTTP/1.1

22 18. 769720000 192.168.0.6 192.168.0.5 YAMI 75 [Malformed packet]

22 15.106525000 192.168.0.5 192.168.0.7 ubp 79 Tource port: 52680 Destination port: 20000
24 15.116357000 192.168.0.5 192.168.0.6 UDP 79 source port: 53681 Destination port: 30000
27 15. 588225000 192.168.0.7 192.168.0.5 uDP 242 source port: 30000 Destination port: 5001
28 18, 733287000 192.168.0.7 192.168.0.5 uoP 242 Source port: 30000 Destination port: 5001
20 18,854759000 192.168.0.7 192.168.0.5 uoP 242 source port: 30000 Destination port: 5001
20 15, 986074000 192.168.0.7 192.168.0.5 uop 242 source port: 30000 Destination port: 5001
21 20.112811000 192.168.0.7 192.168.0.5 ubp 242 source port: 30000 Destination port: 5001
32 20.237454000 192.168.0.7 192.168.0.5 I 242 source port: 30000 Destination port: 5001
33 20.378156000 192.168.0.7 192.168.0.5 uoP 242 source port: 30000 Destination port: 5001
34 20. 583943000 192.168.0.7 192.168.0.5 ubP 242 Source port: 30000 Destination port: 5001
35 20. 682810000 192.168.0.7 192.168.0.5 upP 242 source port: 30000 Destination port: 5001
36 20. 789150000 192.168.0.7 192.168.0.5 uoP 242 source port: 30000 Destination port: 5001
27 20. 789282000 192.168.0.6 192.168.0.5 ubp 242 source port: 30000 Destination port: 5001

Interface 1d:
WTAP_ENCAP: L

arrival Time: oct 31, 2012 22:35:98.579524000 (I
[Time shift for this packet: 0.000000000 seconds]

Epoch Time: 1351694158, 579524000 seconds

[Time delta from previous captured frame: 0.424258000 seconds]
[Time delta from previous displayed frame: 0.471872000 seconds]
[Time since reference or first frame: 19.588220000 seconds]
Frame Number: 27

Frame Length: 242 bytes (1036 bits)

Capture Length: 242 bytes (1936 bits)

[Frame is marked: False]

[Frame is fgnored: False]

[Protocals in Frame: eth:
[coloring Rule Mame
[coloring Rule string:

0

rudp:data)

Profile: Default

B] 6-2 ~ Wireshark # ¢ #5234 &

6.2.1~ kP it

Fo Ll Aup YRR

W

¥ =%

)
(i

bl

£ o2 AR
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P e Facp (10~100) & F % 100 = 0 jeddt e Pl R RSP A2 R

EREEE o LR R R F Iy TR R T

® FEXT
% 6-2~ F % 1 F8K T
Experimental Parameters Values
Number of Users 10~100
Registration Message Size 62 bytes
Number of Experiments 100 times

o By
d @ S iEir Request Message I 3| & suw i Response Message =1 1
PR WL —ggi%' pF R (Registration Time) - H @ & 2 & # ﬁrfi’ ik Bz
Y g% gl 4 g (Control Message Transfer Time ) % [k Jeiif i d2 pF Y
(Registration Process Time ) o zif pFRF -8 2 N geov 38 (1)
T Registration = T ControlMessageTransfer (UE—Server) + | RegistrationProcess
+ T ControlMessageTransfer(Server—UE ) (D)
Al L2 3te A F e R BT J Bl r e A G ¥ ikt
SR BERRF L U E At @ik L7 PFR ok S p R pF R R T T
He R R R Fo R FL DR el Wil RS CRIES R
B 6-3 #77m 010 @ * F o pEre bl I grdo TR PR G 266.591
ms > B 6-4 #71 » 100 = * ¢ > TIoFMIP FRE G 2198 mso A7 kAR

B BRI R EIRLT 0 T AR v e 2 5k
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1000

900
=
£ 800
-
o
£ 700
F
E 600
=
£ 500
]
g 400
o
)]
é 300
200 e G + . ¢ + + + :
’"’0 had * ’OMO’"’M‘ Mm0‘0 0’“0“‘0‘”0‘0‘0 “““0 “0’0“ 0‘0‘0 "’“’0’ “0““0 ‘“
100
O T T T T T T T T T 1
0 10 20 30 40 50 60 70 20 50 100
Number of Experiments
F16-3+10 i * & 3rp jo o pr
10000
9000
=
£ 8000
e
2]
E 7000
F
£ 6000
2
]
£ 5000
=
g
£ 4000 N =
Z 3000 . :
< - M . . *
2000 AU halry oty “o e P e e Tt LN e e et ot ey o
'..0' ""’ K3 "' o.o’ ,0” ot 0¢0"¢,o'0 - . "0‘
1000
0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
Number of Experiments
Bl 6-4 ~ 100 =i * Frp 42 f R
622~ L E @i
BEk 2-1~ i EaE 2o A
SRR R GRS > 22 F B session s A MR {TINT A B RF
BT, ¢ da Hiper e 2 QA o
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F % 2-1 (a) #Hirrelsy o4

\_.

® FEHRK3

L

—=

B FEELY o KL E AHEIEAGE TR D FEE TR H o AR

2o P (K) 0F TRFFF T es [ 2 2@ @ » 233

BEFeeeia L2 (S RE AP E P A ARIIEE AL AEA

Bk

P o A R AR o 1) b A R B ARPE 2e ket log Hh Y 0 B A

LS

P

g R L R Tl SRR R SIS A e R =L S T g

¥

9]

> %, 42 2o 1 7 K=
BLE K AL mrt ey o

® FEEL
%63~ F5% 2-1 (a) SR T
Experimental Parameters Values
Number of Calls Originated 10~100
Control Message Size 62 bytes
Number of Paging ( K members) 5,10,15,20
Session Holding Time Duration 60 sec

o LiZiAi
Sl P RIE 10~100 i R 0 B AR S S Avk 6-4 4T o H et e

e A5 B RT  FHE TR H A R AR o B 6-5 9T 0k SRR
Pl 0F S F W A R P B 0 Blde D TR TS D
BB (K=5) kil g2 10 & T35 {CF R 5 774 ms - 50
WEEL 2417 ms > 100 FF 5 4939 mS e fmA ki SLh gt PR 1 (T4 R ¥ IR -
e MG AP S I EM ARSI - L § Rk 2T

100 F# » JE 7= § 2448 ms o
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# 6-4~ pE mef i § % % % (10~100 H k)
Number of Analysis | Mapping K Connection| Total Paging
Calls Originated |Time (ms)|Time (ms) Time (ms)| Time (ms)
5 421 774
10 506 859
10 166 187
15 326 679
20 460 813
5 564 1059
10 530 1025
20 185 310
15 536 1031
20 795 1290
5 783 1518
10 801 1536
30 288 447
15 826 1561
20 995 1730
5 1065 2095
10 1386 2416
40 325 705
15 1116 2146
20 1174 2204
5 1173 2417
10 1198 2442
50 437 807
15 1338 2582
20 1260 2504
5 1405 3075
10 1386 3056
60 584 1086
15 1728 3398
20 1337 3007
5 1673 3651
10 1837 3815
70 687 1291
15 1646 3624
20 1694 3672
5 1954 3598
10 2184 3828
80 600 1044
15 1959 3603
20 2271 3915
90 1068 952 5 2250 4270

100




Number of Analysis | Mapping K Connection| Total Paging
Calls Originated |Time (ms)|Time (ms) Time (ms)| Time (ms)
10 2419 4439
15 2334 4354
20 1945 3965
5 2448 4939
100 1201 1290 10 2763 0254
15 2644 5135
20 2423 4914

5000

4500 +~
= y
£ 4000 K—s
E 3500 7 = Analysis Time
= 3000 Mapping Time
2 2500 47 lConnecno.nTu-ne
BN = Total Paging Time
2 1
£ 2000 )
er 1500 7
= P
< 1000 |

500 + - -

T T T T T

T T T T
10 20 30 40 50 60 70 80 90 100
Number of Calls Origindted

Bl 6-5 ik su3 et v BB pE P (10~100 3 334
P2 2-1 (b) @&E = 2xis A 45

o w3

BAEP % 21 (a) HEREL R B P - G | v
BAL o A ABICTN A RRELR LN PE R AR (7L I e s
RILHPLTR - ot @8 » LR L op /Ly g a
o U A R ARl A AR AR T R SR

ST LR
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%65 9% 2-1 (b) %#c® T

Experimental Parameters Values

Number of Calls Originated 10~100
Control Message Size 62 bytes
Number of Channels 100

o LN

# 6-6 ¢ Connection Time % i %t 2 & i T2 du@ A7 F cpF i > 4o b
F 2 2-1 (a) #rip| @ e met e g P (Paging Time) » fl PFASE 10 i 7 352
T2 - W TR I-F 1455 ms 0 A 1008 TR T 0 Ty R

A28 10 5 (< 10000 ms) -
266 XU FEE AL PR

Numb.el_r of Calls Paging Time (ms)|Connection Time ( ms)|Call Set-up Time (ms)
Originated
10 774 695 1455
20 1059 1503 2560
30 1518 1860 3378
40 2095 2690 4782
50 2417 2526 4941
60 3075 3414 6296
70 3651 4402 7514
80 3598 4222 7536
90 4270 5101 9502
100 4939 5215 9852
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12000
H Paging Time Y Connection Time

10000

8000

6000

4000

Avg Call Set-up Time (ms)

10 20 30 40 50 60 70 80 90 100

Number of Calls Originated

Bl 66 % o #cp i@ pPFRE (10~100 i 7 3% )

o
o
B
-S.H_k
LY

p-F B d 10~100 i i 35 session ® - & R bk Bugd i A SR M F e g
PARBEINLE BLEFTEARYE L RA > F FA AR 8B P
W osession ~ R A EME F 0T 0 Bt IR AR S BaEER LR B

e S 872 TR ISR R .

® RHRFEKRT
# 6-7 ~ F B 2-2 S8Rk T
Experimental Parameters Values
Number of Calls Originated 10~100
Control Message Size 62 bytes
Number of Used Channels 10~100

& PEHRRXFELAN

# 6-8 & 7 Ipil3f session #ep 2 T 0 G AKX F AU R EERAE G FR
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0ETFEM P A2 FRPESETF 240ms- & 5 7 4236 6000 ms -
%68 R UFER L RAELFTEFR
Number of Min Call Mean Call Max Call
Calls Originated |Release Time(ms)|Release Time (ms) |Release Time (ms)
10 240 541 550
20 460 789 1361
30 870 1279 2142
40 1060 1793 2582
50 690 1769 2712
60 1010 2264 3673
70 1711 2842 4264
80 900 3263 5134
90 1140 3438 5555
100 980 3607 5949
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:: 4000 4 260/
@ 326
E i 25 H Min
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L:Ji 2000 - 17 176! " Max
gﬂ 127
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541
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TERAHFEE NG TR LR & ALRIE NS S f 35 FF
SRR RS T LT T B
FUFIARPFET 2005 R iR 5 2R Vo 5 &
3 41 - #8522 CodeC S f2 PR » A & 33 3 $RP 2 %348 AT S #icdc 4 6-9
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LIPS ;o

% 6-9 ~ ACS 7 7 #P~&2 %348 S

Parameters Values

Codec iLBC
Sampling Frequency 8000 Hz
16 bits

Sample Size

Input PCM Frame Size 1920 bytes (30ms)

Output Frame Size 200 bytes

10.42%

Compression Ratio

REHRI-UFRAEKP BEEF WERTL A

° FAuy
fl* 3 L Android + # 2 3 % Notebook fx#s % 34 7 g frses + H s & #
ﬂ ’K’z-@ ko kLiE &iﬂdpr’@fﬂ"q‘ [ 'ﬂz Bl AE 218 e PR ’g_@"" 1000

BE5 e > RIE HAEF LR EiEdte 2 SRR R kS a4 e

® FHEL
% 6-10 ~ F %% 3 8K T
Experimental Parameters Values
Number of Calls Originated 10~100
Number of Users ( Cell Phone) 2
Number of Users ( Notebook ) 8~98
Number of Packets Sent (Per User) 1000
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(T PropagationDeIay<Server—>UE>) v 3t fﬁﬁéﬁﬁ}; FRGED B b s bt 7 sk™
TR YRR St P - 3% Server F E 0 T i?;ﬁia?]E%Fé* A
2-I-PropagationDeIay<UE¢> Server) © ;M*i‘ %K ﬁj?}ﬁi‘\? 5,'3_; jf:.\ "ﬁ /’['f\;fu‘:r. A 13 i% ¥ J ’]{{&—F‘]’ rﬂ"? %;h
# P (Mouth-to-Ear Delay Time, MED ) » 3+ & = st 4e 23t (2)

TMED = TVoiceRecord + TVoiceEncode + TCaIIDeIivery

+ 2-I-PropagationDeIay (UE,, Server) + TVoiceDecode + TVoiceTrack (2)

Call Delivery Processing Time

Propagation Delay Time Propagation Delay Time

| i
Q ACS APP ACSAPP
& 0,
990 /Voice Reco@ Qoice Encod§ @mce Decod) che Tran §o3
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Packetization Time Unpacketization Time
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# 611~ 7 il GRS B S R B Hog
Number of Calls | Min MED | Max MED | Avg MED | Avg Jitter | Packet

Originated (ms) (ms) (ms) (ms) Loss (%)
10 232 304 339 32.678 0.172
20 226 359 355 29.65 1.267
30 238 412 357 31.255 1.819
40 354 581 462 44.059 2.883
50 397 676 507 46.295 3.125
60 431 710 541 50.321 5.684
70 510 770 607 58.843 5.921
80 7122 1036 819 60.705 8.405
90 933 1165 1036 83.467 7.231
100 260 5122 1578 95.616 12.214

I MED (ms) Jitter {ms)
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