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Goals of Research

Goals of Research

= Development of Open Mobile Network platform based on Open Source Software

and Test-bed construction

Q

Constructing Open Wi-Fi Network platform based on platform-built automation system
Constructing Open 3GPP Access Network platform based on platform-built automation system
Constructing Open 3GPP Core Network platform based on platform-built automation system
Constructing Open 4G LTE Access Network platform based on platform-built automation system
Constructing Open IP Router platform based on platform-built automation system

Constructing Open Cloud Service control environment based on platform-built automation system
Constructing SDN-based Network control environment

Constructing GUI-based platform-built automation system

Development of Agent for SDN-based control and platform-built automation

© © 0O O 0 0O

= Research for providing evolved service using Open Mobile Network platform

@ Development of Mobile VoIP Service considering QoS/SLA
@ Development of Fast Handover technique between APs based on Wi-Fi which provide real-time
streaming traffic

» Perform advanced future network research of International network and cooperative

verification test

@ Constructing Open Mobile Network test-bed platform on National Research Network(VinaREN, INHERENT)
@ Perform cooperative Mobile Network Technique verification test with KOREN-TEIN/APII-VinaREN-
INHERENT
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WiFI Network Platform

= Access Point using
OpenWRT

* |P Router based on
Quagga

= SDN Controller and
SDN agent
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3GPP Access and Core Environmeénts

3GPP BS and Core
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Open Source Wireless Network Testbed Manager & Service Site
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Test-bed for Mobile Networks Based on Open
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OpendFlow based Network Management
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Development Environment

@ Ubuntu 12.04 (Basic OS)
@ Floodlight version 0.90 (providing REST API)

@ Eclipse IDE v.3.7.2 (Java development Env.)
= Java v.1.7

@ Apache tomcat v.7.0(supporting HTTP/HTTPS)
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Floodllght based SDN controller Development

o €4) 09:55 2 Moons
_— File EQIt Source Reractor Na te Search Project Run
b PO Sl @Y B “CResource
; [ Project Explorer £ = % ¥ < 0|[@ mainjava 8 =n
i» & avior 2 X o » Copyright 2013, Big Switch Networks, Inc.[]

e oa ¥l #floodlight package net.floodlightcontroller.core;

- b #src/mainfjava
L » (@ src/main/resources #import org.kohsuke.args4j.CmdLineException;[]

23 » @ src/test/java o
> ¥ src/test/resources * Host for the Floodlight main method
» (8 lib/genjava | * @author alexreimers
» & args4j-2.0.16.jar public class Main {

ol * = cglib-nodep-2.2.2.jar

» & concurrentlinkedhashmap-lru-1.2 jar o

= 2 * Main method to load configuration and modules
4 derby-10.9.1.0.jar * @param args

&5 findbugs-annotations-2.0.1.jar
& findbugs-jsr305-2.0.1.jar
& guava-13.0.1.jar

v

¥ Tasks | & Console 82 -

il . . Floodlight-Default-Conf [Java Application] /usr/lib/jvm/java-6-openjdk-i386/bin/java (2013. 12. 11. 22 9:12:00)
@ jackson-annotations-2.1.4.jar ©9:54:51.848 INFO [n.f

(gl «+ =-r3-=0

v vvYVvYyw

.C.1.0FChannelHandler:New I/0 server worker #2-4] Disconnected switch OFSwitchBase [/163.180.118.203:52336 DPID[00:00:00:00:00:00:00:06]] -
& jackson-core-2.1.4.jar 09:54:51.848 INFO [n. OFSmtchBase New I/0 server worker #2-4] Clearing all flows on switch OFSwitchBase [/163.1806.118.202:53520 DPID[00:00:00:00:00:00:00:06]]
» & jackson-databind-2.1.4.jar 09:54:51.848 INFO [n. .LinkDiscoveryManager:main] Inter-switch link removed: Link [src=00:00:00:00:00:00:00:01 outPort=4, dst=00:00:00:00:00:00:00:06, inPort=1]
L 62) . 09:54:51.848 WARN [n.f.l.i.L.s.notification:main] Inter-switch link removed: Link [src=00:0 :0
]| "~ = jackson-dataformat-csv-2.1.4 jar 09:54:51.848 INFO [n.f.l.i.LinkDiscoveryManager:main] Inter-switch link removed: Link [src=00:00:00:00:00:00:00:06 outPort=1, dst=00:00:00:00:00:00:00:01, inPort=4]
Al » & jackson-dataformat-smile-2.1.4.jar ./09:54:51.848 WARN [n.f.l.i.L.s.notification:main] Inter-switch link removed: Link [src=00:00:00:00:00:00:00:06 outPort=1, dst=00:00:00:00:00:00:00:01, inPort=4]
—— 1089:54:51.848 WARN [n.f.c.i.C.s.notification:main] Switch 00:00:00:00:00:00:00:06 connected.
“ 2= Outline 8 F B W W e % ¥ =[O 09:54:51.859 INFO [n.f.l.i.LinkDiscoveryManager:New I/0 server worker #2-5] Inter-switch link detected: Link [src=00:00:00:00:00:00:00:06 outPort=1 dst~69 00:00:00:00:00:00:(
- 09:54:51.859 WARN [n.f.l.i.L.s.notification:New I/0 server worker #2-5] Link added: Link [src=00:00:60! :00:00:00: ]
# net.floodlightcontroller.core 09:54:51.860 WARN [n.f.l.i.L.s.notification:New I/0 server worker #2-5] Link added: Link [src=00:00:0! H
» ‘= import declarations 09:54:51.860 INFO [n. i.LinkDiscoveryManager:New I/0 server worker #2-4] Inter-switch link updated: Link [src=00:00:00:00:00:00:00:02 outPort=3, dst—ea ee 00:00: ee 00:00:6t
O ¢ 09:54:51.860 WARN [n.f.l.i.L.s.notification:New I/0 server worker #2-4] Link updated: Link [src=00:00:00:00:00:00:00:02 outPort=3, dst=00:00:00:00:00:00:00:06, inPort=1]
» Main 09:54:59.518 INFO [n. .1.0FChannelHandler:New I/0 server worker #2-5] New switch connection from /163.180.118.203:52337
o 09:54:59.525 INFO [n. DebugCounter:New I/0 server worker #2-5] Counter exists for net.floodlightcontroller.core/00:00:00:00:00: 06 -- resetting counters

09:54:59.525 INFO [n.
09:54:59.525 INFO [n.

f
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f
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f
f
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£
f
f
f
f.d.DebugCounter:New I/0 server worker #2-5] Counter exists for net.floodlightcontroller.core/00:00:00:00:00:
£

09:54:59.525 INFO [n.f.
f
f
f
f
f
f
f
f
f
f
f
i
f
f
f

DebugCounter:New 1/0 server worker #2-5] Counter exists for net.floodlightcontroller.core/00:00:00:00:00:
DebugCounter:New 1/0 server worker #2-5] Counter exists for net.floodlightcontroller.core/00:00:00:00:00:
DebugCounter:New I/0 server worker #2-5] Counter exists for net.floodlightcontroller.core/00:00:00:00:00: 06/write/drops -- resetting counters
i.0FChannelHandler:New I/0 server worker #2-5] Switch OFSwitchBase [/163.180.118.203:52337 DPID[00:00:00: 00:00:06]] bound to class class net.fl¢
i.Controller:New I/0 server worker #2-5] New switch added OFSwitchBase [/163.180.118.203:52337 DPID[00:00: 39 00:00:00:00:06]] for already-added switc
.i.C.s.notification:main] Switch 00:00:00:00:00:00:00:06 disconnected.

i.0FChannelHandler:New 1/0 server worker #2-5] Disconnected switch OFSwitchBase [/163.180.118.202:53520 DPID[00:00:00:00:00:00:00:06]]
OFSwitchBase:New I/0 server worker #2-5] Clearing all flows on switch 0FSw1tchBase [/163.186.118.203:52337 DPID[OG 00:00:00: ee 00: ee 06]]
.i.LinkDiscoveryManager:main] Inter-switch link removed: Link [Src=00:00:
i.L.s.notification:main] Inter-switch link removed: Link [src=00:6! :00: :00: ee:ee 0‘9 00:00:00 6, inPort=1]
i.LinkDiscoveryManager:main] Inter-switch link removed: Link [src= :00: 0:00:00:00:00:00:00:02, inPort=3]
i.L.s.notification:main] Inter-switch link removed: Link [src=00:00:00: ea eo 90 ee 06 outPort=1, dst=00:00:00:00:00:00:00:02, inPort=3]
i.C.s.notification:main] Switch 60:00:00:00:00:00:00:06 connected.

i.LinkDiscoveryManager:New I/0 server worker #2-3] Inter-switch link detected: Link [src=00:00:00:00:00:00:00:06 outPort=1, dst=00:00:00:00:00:00:00:(
i

i

1

06/pktin -- resetting counters

06/write -- resetting counters

06/pktin/drops -- resetting counters
09:54:59.525 INFO [n.
09:54:59.525 INFO [n.
09:54:59.527 WARN [n.
09:54:59.527 WARN [n.
09:54:59.527 INFO [n.
09:54:59.527 INFO [n.
09:54:59.527 INFO [n.
09:54:59.527 WARN [n.
09:54:59.527 INFO [n.
09:54:59.527 WARN [n.
09:54:59.527 WARN [n.
09:54:59.529 INFO [n.
09:54:59.529 WARN [n.
09:54:59.530 INFO [n.f.l.i
09:54:59.530 WARN [n.

0:
9
:00:
CH
CH
0:

.L.s.notification:New I/0 server worker #2-3] Link added: Link [src=00:00:0 , dst=00:00:00:00:00:00:00:01, inPort=4]
.LinkDiscoveryManager:New I/0 server worker #2-5] Inter-switch link detected: Link [src=00:00:00:00:00:00:00:01 outPort=4, dst=00:00:00:00:00:00:00:(
i.L.s.notification:New I/0 server worker #2-5] Link added: Link [src=00:00:00:00:00:00:00:01 outPort=4, dst=00:00:00:00:00:00:00:06, inPort=1]
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Operation of SDN Controller : Floodlight.
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Path Manager

/@153.180.118.121:8080/w * = e S
€« C f 9 v © 163.180.118.121:8080/vnapi/gui/main.htm © v @
Router Map Node Information
Node ID Node Name DataPath ID
1 SEOUL 150864822194 |4
2 SUWON 150863414788
3 DAEJEON 150862534452
4 DAEGU 150862156985
5 GWANGJU 150861351356
6 BUSAN 150863241255 [T
7 JEJU 150861245867 LY

Path Information

srclP dstIP Path Flow

5555 |7777 |2150864822194:2:2:150862534452:3:1:1
50861351356:3

8888 |9999 |5:150863414788:2:1:150862534452:4:1:1
50862156985:2:2:150863241255:6

Delete Path

Create Path
Src Information Dst Information

IP Address IP Address

[IEEEE] | [2222 ]

Service Port Service Port

G | [2 |

Start Node Port Number
1]

150864822194 Port Number

150863414788 =]

150862534452

150862156985

150861351356

7 150863241255

__No | Componentsname | Desaiption

1 Router Map Shows the information related to the Topology information
2 Node Information Shows the information related to the Node information
Path Information Shows the information related to the path flow information,

And can delete registered path flow.

4 Create Path Can generate path flow
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Seoul(DPID=00000000001) vaves ReqBW: 600Mbps
@ Openiiow msmsm Req BW:700Mbps

mmmms Req BW: 300Mbps

VN Manager
SDN Controller

Path Manager

@,-.'.‘- "

LR -I!I-l'-. e

END-SW@PC %p.- Tuee"w o
etho o & T Y e ad ._.BJE#‘S.H
Cloud Server  Sywon(DPID=00000000006) T i T S OpsnFiow
D [ il e w
5 @r’ (l)etho .é END- DG@PC
P Daegu(DPID=00000000003)
OF@PC ] End Host
NAME IP SDN Controller E 5 NAME IP
OF-SE@PC | 000.000.000.146 | 203.255.250.210:6633 o ﬁz) ;thl END-SE@PC 192.168.121.1
OF-DJ@PC | 000.000.000.148 | 203.255.250.210:6633 | & é;ﬁ‘#'w END-DJ@PC 192.168.121.2
OF-DG@PC | 000.000.000.149 | 203.255.250.210:6633 & .-"ﬁ;setm the END-DG@PC 192.168.121.3
OF-GJ@PC | 000.000.000.151 | 203.255.250.210:6633 E;g:éj&__ END-GJ@PC 192.168.121.4
OF-SW@PC | 000.000.000.211 | 203.255.250.210:6633 | Gwangju(DPID=00000000004) END-SW@PC 192.168.121.6
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Open Stack Based'Mobile Core Envirohment

SDN Controller
IP Router
IP Router

?

3GPP
. C MVNO VolP
RabbitMQ (Queue) Net%grk Server Server

VA VM VA

' . Nova Schedule - l Cloud Server Pool .
Nova
API

Compute Volume
Controller Controller Nova Compute
Glance API Network Hypervisor
Controller

Operating System

=
‘ﬁ Physical Resources

OS : Ubuntu 14.04 LTS Server
OpenStack : Icehouse version _ R
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Implementation in 3GPP Cellular Network® |

/-y

UE Packet GTP-C
Osmo Osmo Internet
GTP-U SGSN GGSN
Osmg
K PCU ( / \
Access Network Core Network
UE: User Equipment
USRP: Universal Software Radio Peripheral GTP: GPRS Tunneling Protocol
BTS: Base Transceiver Station SGSN: Serving GPRS Support Node
PCU: Packet Control Unit GGSN: Gateway GPRS Support Node
*Osmocom Project: Open Source Mobile Communications by GSM a

nd DECT
° Jpe i e
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Constructing 3GPP Cellular Network Test-bed|

Core
Network

UE #2

w/ VolP Client Access Network #2
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@ OpenWrt AP software architecture
= OpenWrt AP inernal

-----

OpenVSwitch
OpenWrt-Bridge
802.11bgn HW

‘ ovs-vsctl, ovs-dpctl...
upcall] netlink kernel
kernel-module
OpenVSwitch 1.10
T brforward) _______
br_inputc ancap.pbbmac) br_forward.c
! 1
br_handle_frame() dev_queue) xmit()
e
driver driver
Ingress frame Egress frame
¥ sbN Agent
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Constructing OpenWrt based WLAN enwronment =

testing with SDN Controller

|¥] Live u|
Fl.OOdud\t Dashboard Topology Switches Hosts
L+ ]
- - Switches (2)
OpenStack Cloud Server Pool
| OsmoSGSN OsmoGGSN l DPID IP Address Vendor Packets Bytes Flows Connected Since
_W_ wM | 00:00:10:6F 3f-e:f7-f6 /192.168.11.124:50003 MIR Lak 0 0 0 201349 108 162 2H 11:34:59
_ === _"_““‘ 00:00:10:6f. 37 0e:f5:d8 192.168.11.123:59917 Micira, Inc. 0 0 0 201349 108 162 25 1:44:00
i Server
............ )
Fl_oodug-\t)"bf% Dashboard Topology Switches Hosts
%)
Network Topology G-TOPology
- -
,I’ - "--..,\\ M B. — o
’ N [ Y
! ' A = @ m e [
/\
! yolp (((')] oy ' ! : 2 (o | o |
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1 | Cli VoIP 1 P 1261 2 PEBTE 7
. OpenWRT v\, lent GMU Radio Client 7 p Wir o et i
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N lent Fl ~ -
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~ ~ ’ Il -
~. - R
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We | TAE | i | meen | suis |
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TOPOIOgy 120 ETH 01eTITE NG 1800 e
N Graphic
Panel
jde= 1921681 240 Status Bar — a2 TAEE | [ =
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OpenWrt Test
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Constructing IP Router using Quagga — Rou't.e"rf'.»ivhter.na'l

Quagga IP Router

golP
Client >

VoIP
Client

( :

1 1 5

i . SDN B '
i Flodlight RCP 1-___ GNU Radio
1 1

\

N
Route

o user space

Pl L LT T p——

1
1
1
1
1

Co%nltjrlgller

B ' EE
@W KOREN

OpenStack Cloud Server Pool Quagga
IP Router

o ————————————— - —
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VoIP Service Environment using Asterisk IP. -

= Asterisk IP PBX (Private Branch eXchange) which is open
source.

= Mobile VoIP Client

v determine the CODEC according to quality state of access network
by mobile terminal such as bandwidth, signal strength and delay.

v" LinPhone: installing VoIP client on various OS based smart device
and laptop
« Android / iOS / Ubuntu

= Test for VoIP service under GNU Radio 3GPP and OpenWRT
Wi-Fi environment

v' SIP Messaging service

= Digium Web UI

v’ Digium Asterisk Web Ul 2.0-r5220 (Open source)
v http://163.180.141.237:8088/static/config/index.html
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VoIP'Service Environment using AsteriskiP PBX (ctd)

@ VolIP service environment on Openstack
= [P PBX: Asterisk 11.5.1
= VoIP Client: Linphone

v Android based Galaxy Note 10.1 / Galaxy Tab 1 / XPERIA Ray
v Ubuntu based Laptop

KHU testbed

SDN
Controller

. . ..

Kyemyung Univ. testbed

@openiiow

A
_‘;*%X

< §1 g KOREN &

—_——_———————— — —
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Development of Platform Build' Automation

Platform Build VM Server build

. tomati
Automation API -a” omation '

Platform Build
Automation
Manager

T

Testbed Operator

Management of
platform build policy
and monitoring

VM for Cloud Service
(VM node with chef-client)

Open Source Mobile Network ~— e

Testbed Manager Open Mobile Network
Testbed Platform
(Physical node with chef-client)
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Future Research Plan for the
Second-half




Constructing eNodeB for providing 4G =

-1 N N
MME HSS

O S6a
2 Diameter
%ﬁj e

- I

N 'k

Q SGi
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Fig. Cellular Network architecture based on Open Air Interface

UE: User Equipment . o .
E-UTRAN: Evolved Terrestrial Radio Access Network MM_E' Mobility Mapagement Entity
HSS: Home Subscriber Server

eNodeB: Evolved Node B S-GW- Serving Gatewa
GTP: GPRS Tunneling Protocol o W PDN Cateoray
OAIL Open Air Interface ' y
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Overall Architecture for OSS based MoBile Networks
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Testbed for Mobile Networks Based on.Open
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XY

@ Verification test for platform build automation system

» Check whether the required Open Mobile Network platform can perform remote
auto-configuration

» Check whether availability of Monitoring for status of building platform

@ Open Mobile Network platform connection test

» Test for Internet connection using Wi-Fi AP based on OpenWrt
= Test for Internet connection using 3GPP mobile network platform
= Test for Internet connection using 4G LTE mobile network platform

@ mVolIP service verification test considering QoS/SLA

= Check whether the improve call quality according to monitoring result
from Agent

= Call Quality measurement according to Call Quality MOS-CQE

@ Verification test for Fast Handover between APs based on Wi-Fi

which provide real-time streaming traffic
= Measurement of Handoff delay in inter domain
» Measurement of Handoff delay between other domain
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Q&A
Thank you!
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