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Abstract— This paper presents protocol messages, signalling 
procedures, and use cases for Media Independent Management 
(MIM) in Software-Defined Networking (SDN)-based wireless 
access networks. MIM control framework allows to control and 
to acquire information in a media independent way through a 
generic interface between higher layers and existing media-
specific link layers. Focusing on tightly-coupled integration 
between SDN and MIM control planes, this paper describes 
signalling architecture, protocol messages, high-level signalling 
procedures for resource management and seamless handover, 
and three use cases of MIM in SDN-based heterogeneous wireless 
access networks. 
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I. INTRODUCTION 

Stimulated by the successful adoption of Software-Defined 
Networking (SDN) paradigm in wired access and core 
networks, SDN for wireless access networks has been 
researched in recent years [1]. The SDN is based on the 
separation of control and data planes with a logically 
centralized controller. High-level SDN controller architecture 
consists of application layer, SDN control layer, resource 
layer, and multi-layer management functions. There are two 
interfaces in the high-level architecture of SDN controller: the 
northbound interface (i.e., application-control interface) and 
the southbound interface (i.e., resource-control interface). In 
this architecture, a logically centralized controller uses the 
southbound interface to manage and control the underlying 
data plane, and configures the forwarding table of the switches. 
In addition, the centralized controller can manage radio 
resources and mobility dynamically through the southbound 
interface in wireless access networks [1, 2].  

On the other hand, Media Independent Management (MIM) 
paradigm has been evolved since IEEE 802.21 standard on 
media independent handover services was published in 2009. 
Recently, Media Independent Services (MISs) framework (i.e., 
function and protocol) has been defined in IEEE 802.21-2017 
standard [3]. The MIS framework enables the optimization of 
services including not only handover service but also other 
services such as radio resource management when performed 
between heterogeneous networks. Based on the MIS 

framework, IEEE 802.21.1-2017 standard defines several MIS 
use cases and services, namely, handover between 
heterogeneous networks, home energy management system, 
Software-Defined Radio Access Networks (SDRANs), radio 
resource management, and device-to-device communication 
service [4~8]. 

Application of the MIM mechanism to SDN-based 
heterogeneous wireless and/or wired access networks has been 
studied and published recently in [7~11]. There are three 
approaches for applying the MIM mechanism to SDN-based 
networks, which are de-coupled interworking, loosely-coupled 
integration, and tightly-coupled integration of SDN and MIM 
control frameworks [11]. The SDRANs use case of IEEE 
802.21.1-2017 standard is an example of de-coupled 
interworking of SDN and MIM control frameworks. There is 
no relevant work to show generic signalling protocols and use 
cases for the tightly-coupled integration of SDN and MIM 
controls in SDN-based heterogeneous wireless access 
networks. 

This paper presents protocol procedures and use cases of 
the tightly-coupled integration model of SDN and MIM 
control frameworks to support signalling scenarios related 
with radio resource allocation and seamless handover. The 
MIM framework consists of MIM function (MIMF), MIM 
message, and MIM user. MIM function provides a generic 
interface between the different link layer technologies and the 
upper layers. A set of MIM messages, which is common for 
the different link layer technologies, is used to collect link 
information and status, and to support seamless handover and 
resource management functions. MIM user interacts with the 
MIM function in the same network entity by sending or 
receiving MIM messages, and decides whether to use the 
MIM message information for itself or forward it to another 
MIM user or MIM function of other network entity. 

Following this introduction, Sections II and III explain 
signalling architecture and protocol messages of SDN-based 
access networks with MIM capabilities, respectively. Section 
IV presents high-level signalling procedures for resource 
management and seamless handover, and Section V describes 
three use cases of MIM in SDN-based access networks. 
Finally, Section VI makes conclusion. 
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II. ARCHITECTURE OF SDN-BASED ACCESS NETWORKS 

WITH MIM CAPABILITIES 

A. Network Architecture of SDN-based Access Network 
with MIM Capabilities 

Figure 1 shows the network architecture of SDN-based 
access networks with MIM capabilities. As network entities, 
this figure illustrates both an MIMF-enabled SDN switch 
integrated with access point (e.g., AP in WLAN, base station 
in cellular network) and an MIMF-enabled SDN switch 
separated from the MIMF-enabled access point. The MIM 
controller function can reside in the SDN controller as shown 
in this figure, or be located outside the SDN controller. A 
mobile node (mobile node 1), which is attached to an MIMF-
enabled SDN switch integrated with access point of serving 
network, will move and be attached to one of the MIMF-
enabled SDN switches integrated with access point (candidate 
1 and candidate 2) when handover occurs. The SDN controller 
with MIM controls and manages resources of all of access 
points and SDN switches of serving and candidate networks.  

 

 
Figure 1. Network architecture of SDN-based access network with 

MIM capabilities 

B. Tightly-coupled Integration of SDN and MIM Controls 

Tightly-coupled integration architecture aims to embed the 
flexibility of MIM mechanisms into SDN protocol and SDN 
network functions in the network entities such as SDN 
controller and SDN switch. Figure 2 depicts the signalling 
architecture model of a tightly-coupled approach for the 
integration of SDN and MIM control frameworks. This 
tightly-coupled approach requires development of SDN 
protocol (for example, OpenFlow) extensions to obtain link 
information and to control link behavior in a technology 
abstraction way. The extended SDN protocol becomes able to 
provide a common optimized control of wired and wireless 
networks through SDN mechanisms. 

The signalling architecture model depicted in Figure 2 
shows functions and functional interactions among the 
following network entities: 

- SDN application: This network entity is responsible for 
handling network resources and controlling mobility 
procedures. 

- MIMF-enabled SDN controller: This network entity is 
responsible for performing configuration, resource 
allocation, routing and switching related tasks, such as 
updating forward tables of SDN Switches. Also, it has an 
MIM function for exchanging MIM protocol messages 
with other network entities. 

- MIMF-enabled SDN switch: This network entity is 
responsible for executing data packet forwarding 
operations, via a flow table which stores information on 
how to process each data flow, and network resources 
configured by the SDN controller via the southbound 
protocol. Also, it has an MIM function. 

- MIMF-enabled access point: It provides link connectivity 
to an MN, as well as features an MIM function. 

- Mobile node (MN): The MN represents the end-user 
equipment that allows the user to connect to the network. 
The MN may have one or more wireless access 
technologies (ATs) (e.g., WLAN, WiMAX, LTE). The 
MN’s MIM function interfaces towards the access links 
and interfaces towards higher-layer entities, allowing 
them to control and to retrieve information from the links 
in an abstract way. 

 

 
 

Figure 2. Signalling architecture model of a tightly-coupled 
approach for the integration of SDN and MIM control frameworks 

III.  PROTOCOL MESSAGES OF SDN-BASED ACCESS 

NETWORKS WITH MIM CAPABILITIES 

To support link resource management and seamless 
handover, the following messages related to wireless link are 
required in SDN-based access networks with MIM capabilities. 

- Link_Discovery 
- Link_Set_Configure 
- Link_Get_Parameters  
- Link_Actions 
- Link_Event_Subscribe 
- Link_Event_Unsubscribe 
- Link_Probe 
- Node_Attached 
- Node_Detached 

All of the messages consist of the message header and the 
payload. The message header format is described in Table 1. 
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TABLE 1. MESSAGE HEADER FIELDS 

Field name Description 

Version This indicates version of message format 

Message type This uniquely specifies the type of message 

Message length This specifies the length of total message 

Transaction ID This is generated by the sender of the 
message and used to control transaction of 
message and matching of requests and 
responses 

  
The transaction ID is used to control transaction of 

messages. Transaction ID is associated with a message. If 
there is a response message for a request message, the 
transaction IDs of the request and response messages are the 
same. Response message uses the same ID as was in the 
request message to facilitate pairing. 

As shown in Table 2, message payload contains operation 
code, source ID, destination ID, and optional information. The 
optional information field of a specific message may include 
some of the following parameters. 

- Link address list: contains pairs of link ID and link 
address. 

-  Link ID: identifies the link of switches and access points. 
-  Node address: indicates link-layer address of a node. 
-  Status: indicates result status of operation requested by 

Link_Discovery, Link_Set_Configure, Link_Actions, 
Link_Event_Subscribe/Unsubscribe, or Link_Probe. 

- Link configuration list: contains link configuration 
parameters such as link type, link availability, and link 
quality.  

-  Event list: contains list of events to be 
subscribed/unsubscribed, which are relevant to link 
status monitoring. 

- Action list: contains list of actions to be taken for control 
the behavior of the links, which are relevant to handover. 

TABLE 2. MESSAGE PAYLOAD FIELDS 

Field name Description 
Operation 
code 

This specifies a type of operation to be 
performed. As type of operation there are 
request, response, and notify. 

Source ID This identifies the invoker of this message. It 
specifies the MIM function of the mobile node, 
SDN switch, or SDN controller. 

Destination 
ID 

This identifies the receiver of this message. It 
specifies the MIM function of the mobile node, 
SDN switch, or SDN controller. 

Optional 
information 

This field can contains optional parameters such 
as link address list, link ID, node address, status, 
link configuration list, event list, and action list. 

 
Link_Discovery messages are used by the SDN controller 

to discover the link technology and to support capabilities of a 
specific link in the SDN Switch. When invoking this message 
to discover the link of a SDN switch, the SDN switch can 
optionally transmit the link information of its mobile node. 

Therefore, it is possible to selectively transmit the information 
when the same node is found in two switches. 

Link_Set_Configure messages are used by the SDN 
controller to configure one or more parameter values (link 
type, link identifier, link availability, link quality, etc.) in the 
SDN switch. This request message is generated by an SDN 
controller to set configuration values for different link 
parameters in the SDN switch. 

Link_Get_Parameters messages are used by the SDN 
controller to discover and to monitor the status of the links in 
the SDN switch. This message is also generated at specified 
intervals for various parameters and indicates changes in link 
conditions that have crossed specified levels. In the case of 
wireless network, this event is generated when higher protocol 
layers wish to monitor the performance parameters for a 
network. These higher layers can be on the network side for 
network initiated handovers, and the MIM user (node 
applications) on the mobile node can transfer these parameters. 
For mobile node initiated handovers, the local MIM user 
(node applications) would monitor link-layer properties. For 
each specified parameter, this notification is generated either 
at a predefined regular interval determined by a user 
configurable timer. The MIM user (node applications) 
receives this event from the link layer. The MIM user (node 
applications) then passes this notification to the SDN 
controller that has subscribed for this notification. 

Link_Actions messages are used by the SDN controller to 
control the behavior of the links in the SDN switch and to 
request an action on a link-layer connection to enable optimal 
handling of link-layer resources for the purpose of handovers. 
The Link_Actions request message contains action list on 
link-layer connection that requests shutdown, remaining active, 
performing a scan, changing into active mode, handover 
initiation, handover resource request, and remaining in stand-
by mode. The SDN controller generates this message upon 
request from the SDN application (e.g., multi-access 
management functions) to perform an action on a pre-defined 
link-layer connection. Upon receipt of this message, the link-
layer technology supporting the current link-layer connections 
performs the action specified by the action list of 
Link_Actions message in accordance with the procedures 
specified by the relevant standards organization. 

Link_Event_Subscribe messages are used by the SDN 
controller to subscribe to one or more events (link SNR 
threshold, link capacity monitoring, link error rate, etc.) from 
a specific link in the SDN switch. The response indicates 
which of the requested events were successfully subscribed to. 
Events that were not successfully subscribed to will not be 
delivered to the subscriber. 

Link_Event_Unsubscribe messages are used by the SDN 
controller to unsubscribe a set of previous subscribed events 
from a link in the SDN switch. This message is generated by a 
subscriber such as the SDN controller that is seeking to 
unsubscribe from an already subscribed set of events. 

Link_Probe messages are used by the SDN controller to 
request the SDN switch to probe an associated node. It issues 
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the switch to send a null data frame to the node, reporting 
when the frame is acknowledged. 

Node_Attached and Node_Detached messages are sent by 
the SDN switch to notify the SDN controller about the 
detection of the attachment/detachment of a node. 

IV. HIGH-LEVEL SIGNALLING PROCEDURES OF SDN-BASED 

ACCESS NETWORKS WITH MIM CAPABILITIES 

A. Signalling Procedure for Resource Management  

Signalling procedure for resource management consists of 
the following three steps. 

1. Process of connecting a mobile node and a neighbour 
SDN switch 

2. Process of receiving a probe message from an MIMF-
enabled SDN controller after connecting process 

3. Process of requesting the setting value of mobile node 
from an SDN controller with MIM 

 
Figure 3 illustrates signalling procedure for resource 

management of SDN-based access network with MIM 
capabilities. Mobile node connects to a nearby MIMF-enabled 
SDN switch using MIM information. It is assumed that MIM 
information sent from mobile node is transmitted to REST 
(Representational State Transfer), which is one kind of 
application protocol. The connected MIMF-enabled SDN 
switch transmits this information to the MIMF-enabled SDN 
controller by sending Node_Attached message through 
southbound interface. The MIMF-enabled SDN controller 
receives the message, confirms contents of the message, and 
registers the mobile node in the management application.  

 

 
Figure 3. Procedures for resource management 

 
After connection process is completed, Link_Probe 

message can be periodically requested from MIMF-enabled 
SDN controller through SDN switch to confirm whether 
mobile node is connected. Then, the MIMF-enabled SDN 
controller can send Link_Get_Parameters request message 
that requests the setting value or the status value of mobile 
node. The SDN switch that receives the request message 
forwards it to the mobile node, and the mobile node sends a 
response message to the MIMF-enabled SDN controller 
through SDN switch. 

B. Signalling Procedure for Seamless Handover  

Signalling procedure for seamless handover consists of the 
following three steps: 

1. Resource availability check 
2. Resource preparation 
3. Seamless handover execution 
 
Figures 4 to 6 show the signalling procedure for seamless 

handover. The following procedure describes seamless 
handover in the network environment with the same type 
(MAC, etc.) of network devices. Mobile node checks the 
resource of nearby SDN switch. In the SDN switch to which 
mobile node is connected, it is difficult to confirm the 
resource of nearby SDN switch directly. Therefore, related 
MIM message is transmitted to an MIMF-enabled SDN 
controller, and the MIMF-enabled SDN controller transmits 
an MIM message to the nearby SDN switch for checking 
resources. Mobile node receives resource information of 
neighbouring SDN switches, chooses a candidate SDN switch, 
and requests resource preparation. When the resource 
preparation is completed, new connection is completed with 
the candidate SDN switch, and old connection is released 
from the serving SDN switch. 

V. USE CASES OF MEDIA INDEPENDENT MANAGEMENT IN 

SDN-BASED ACCESS NETWORK 

A. Use Case of Seamless Vertical Handover 

Seamless vertical handover is supported by using MIMF-
enabled SDN switch and MIMF-enabled SDN controller in 
heterogeneous network. MIMF-enabled SDN switch collects 
information (status and configuration) of wireless resource 
from mobile node, and transmits it to MIMF-enabled SDN 
controller. MIMF-enabled SDN controller makes decisions 
based on the collected information. For this purpose, MIMF-
enabled SDN controller periodically monitors change of the 
radio signal that is reported as an event by mobile node or 
MIMF-enabled SDN switch.  

Process of seamless vertical handover is divided into three 
stages as follows. 

1. Handover preparation stage checks for decrease in signal 
strength or link quality, and neighboring networks are 
discovered and information is exchanged.  

2. In handover decision stage, best network is selected from 
different available networks using decision algorithm. 

3. In handover execution stage, connection transfer, 
handover signaling, and packet reception occur. 

 
As illustrated in Figure 7, MIMF-enabled SDN controller 

performs management of various resources of the wireless 
network during the handover process. 

B. Use Case of Link Aggregation 

Aggregation of multiple physical links into a single logical 
link is to provide bandwidth extension, QoS guarantee, and 
multipath support. For physical and link layer aggregations, 
Network Interface Card (NIC)-based or Virtual LAN 
(VLAN)-based bonding is used in wired access networks, and 
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Figure 4. Procedures for resource management – (a) Resource availability check  
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MIMF-enabled SDN switch & access point
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SDN datapath and MIM 
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MIMF-enabled SDN switch & access point
(AP, Base station)-Serving

SDN datapath and MIM 
function

MIM user
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init) request
information

Southbound interface 
Link_Actions (Handover init)

request message

Northbound interface 
Link_Actions(Handover 
init) request information
Northbound interface 
Link_Set_Configure
request information

Southbound interface
Link_Set_Configure request message Link_Set_Configure

request
Link_Set_Configure

responseSouthbound interface
Link_Set_Configure response message

Northbound interface 
Link_Set_Configure
response information
Northbound interface 

Link_Actions(Handover init)
response information

Southbound interface
Link_Actions(Handover init)

response message
Link_Actions(Handover 

init) response 
information

Internal process communication  
Figure 5. Procedures for resource management – (b) Resource 

preparation 
 

MIMF-enabled 
SDN controller

Mobile node SDN application

MIMF-enabled SDN switch & access point
(AP, Base station)-Candidate 1

SDN datapath and MIM 
function

MIM user

MIMF-enabled SDN switch & access point
(AP, Base station)-Serving

SDN datapath and MIM 
function

MIM user

Northbound interface 
Node_Attached
information

Node_Detached
information

Node_Attached information

Southbound interface
Node_Attached message

Southbound interface 
Node_Detached message Northbound interface 

Node_Detached
information

Node_Detached

Internal process communication  
Figure 6. Procedures for resource management – (c) Seamless 

handover execution 
 

channel bonding is used in wireless access networks. For 
transport layer aggregation, multipath TCP (MTCP) are used 
in wired and wireless networks. 

In this use case, MIMF-enabled SDN controller monitors 
the status of ports and links in MIMF-enabled SDN switch, 
and performs dynamic link control based on the real time 
monitoring. This approach can reduce packet loss and/or 

reordering during the link aggregation since it is possible to 
analyse transport header in the SDN switch. 

 

 
Figure 7. Illustration of seamless vertical handover process 

 
This is an example of wireless link aggregation by MIMF-

enabled SDN controller. Link aggregation requires wireless 
resource monitoring and routing. In this use case, we proceed 
through these settings by MIMF-enabled SDN controller as 
shown in Figure 8. The advantage of this is that it can be 
applied quickly in a dynamic environment. 

1. SDN switch, Wi-Fi and mobile networks are controlled 
by MIMF-enabled SDN controller. 

2. Request large amount of data from mobile node to server. 
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3. Mobile node is connected to Wi-Fi and Mobile Network. 
4. Transmission of data from server to mobile node through 

Wi-Fi and Mobile network. It is controlled by MIMF-
enabled SDN controller.  

 
Figure 8. Illustration of link aggregation 

 

C. Use case of coping with interference in wireless network 

Recently, number of installed APs and base stations has 
been increased due to drastic increase of mobile data traffic. 
Hence, the interference between APs or between AP and base 
station has resulted in deterioration of link quality and 
network performance. This use case uses MIMF-based SDN 
controller to resolve this issue. The MIMF-enabled SDN 
controller gathers wired and wireless information, and 
allocates frequencies and channels to AP and base station 
based on this information. It can select an AP or a base station 
for a mobile node based on the mobile node profile if there are 
two or more candidate APs and base stations for serving the 
mobile node. 

Figure 9 shows a case where a collision occurs between 
wireless network resources. MIMF-enabled SDN controller is 
used to monitoring radio resources. When such an interference 
occurs, The MIMF-enabled SDN controller checks the node 
profile to provide the network service only to the more 
suitable network, or to select the network service considering 
the network environment. 

1. Mobile node A receives data through mobile network, 
and mobile nodes B and C receive data through Wi-Fi. 

2. Mobile node A is moving to Wi-Fi service area.  
3. When mobile node A enters the Wi-Fi service area, inter-

RAT interference occurs 
4. When a new mobile network (small cell) is installed near 

mobile node B, the mobile node B interferes with the 
intra-RAT. When using the same frequency in mobile 
network (small cell) and Wi-Fi, channel interference 
occurs. 

VI. CONCLUSIONS 

This paper presented signalling architecture, protocol 
messages, and high-level signalling procedures for MIM in 
SDN-based heterogeneous wireless access networks. It also 
illustrated three use cases of the MIM in SDN-based wireless 

networks, which are seamless vertical handover, link 
aggregation, and coping with wireless interference. By 
focusing on tightly-coupled integration between SDN and 
MIM control planes, new emerging 5G services for 
cooperative resource management and low-latency seamless 
handover can be effectively enabled in the proposed MIM 
control framework. 

 

 
Figure 9. Illustration of interference in wireless network 

ACKNOWLEDGMENT 

This work was supported by ICT Standardization program 
of MSIP/IITP, Korea. [2015-0-00306, Standard development 
of open wireless network (multi-RAT) interworking and 
control technologies] 

REFERENCES 
[1] ONF Tech. Report, OpenFlow-Enabled Mobile and Wireless Networks, 

Sept. 2013. 
[2] C. J. Bernardos, A. Oliva, P. Serrano, A. Banchs, L. M. Contreras, H. 

Jin, J. C. Zuniga, “An Architecture for Software Defined Wireless 
Networking,” IEEE Wireless Communications, pp. 52-61 , June 2014. 

[3] IEEE Standard for Local and metropolitan area networks- Part 21: 
Media Independent Services Framework, IEEE Std. 802.21TM-2017, 
April 2017. 

[4] IEEE Standard for Local and metropolitan area networks- Part 21.1: 
Media Independent Services, IEEE Std. 802.21.1TM-2017, April 2017. 

338

 
 
International Conference on Advanced Communications Technology(ICACT)

ISBN  979-11-88428-00-7 ICACT2018  February 11 ~ 14, 2018



[5] Hyeong Ho Lee, Hyunho Park, Jin Seek Choi, “Radio Resource 
Management Based on IEEE 802.21 Media Independent Service 
Framework,” Proc. ICACT 2015, pp. 309-314, Phoenix Park, Korea, 
July 1~3, 2015. 

[6] Hyunho Park, Hyeong Ho Lee, Yong-Tae LEE, “Network Assisted Wi-
Fi Direct based on Media Independent Services Framework for 
Allocating Optimized Radio Resources,” IEICE Trans. Commun., vol. 
E100-B, no. 5, pp. 728-737, May. 2017. 

[7] Hyeong Ho Lee, Jin Seek Choi, “Media Independent Service for 
Software-Defined Radio Access Networks,” Proc. ICACT 2017, pp. 
258-264, Phoenix Park, Korea, Feb. 19~22, 2017. 

[8] Mohamad Zalghout, Ayman Khalil, Matthieu Crussiere, Samih Abdul-
Nabi, Maryline Hélard, “SDRAN-based User Association and 
Resource Allocation in Heterogeneous Wireless Networks,” Wireless 
Communications and Networking Conference Workshops (WCNCW), 
2016 IEEE, Doha, Qatar, April 3-6, 2016. 

[9] Carlos Guimaraes, Daniel Corujo, Rui L. Aguiar, Flavio Silva, Pedro 
Frosi, “Empowering Software Defined Wireless Networks Through 
Media Independent Handover Management,” IEEE Globecom 2013 – 
Next Generation Networking Symposium, pp. 2204-2209, 2013. 

[10] Carlos Guimaraes, Daniel Corujo, Rui L. Aguiar, “Enhancing 
OpenFlow with Media Independent Management Capabilities,” IEEE 
ICC 2014 – Next-Generation Networking Symposium, pp. 3001-3006, 
2014. 

[11] Hyeong Ho Lee, Yun Chul Choi, Byung Jun Ahn, “SDN-based 
Wireless Access Network with Media Independent Management 
Capabilities,” Proc. ICTC 2017, pp. 196-198, Jeju Island, Korea, Oct. 
18-20, 2017. 

 
Hyeong Ho Lee received B.S. degree from Seoul 
National University, Seoul, Korea in 1977, and the M.S. 
and Ph.D. degrees from KAIST (Korea Advanced 
Institute of Science and Technology), Daejeon, Korea, 
all in Electrical Engineering in 1979 and 1983, 
respectively. From 1983 he has been working for ETRI 
(Electronics and Telecommunications Research Institute) 
and engaged in the research and development of digital 
switching systems, LAN equipment, routers, optical 

access systems, and IT standardization. From 1984 to 1986, he was a visiting 
engineer in AT&T Bell Laboratories, Naperville, U.S.A., where he was 
involved in the development of the No.5 ESS digital switching system. From 
1997 to 2007, he was the director of Switching System, Router Technology, 
Optical Access Network Technology Departments, and Protocol Engineering 
Center (PEC) in ETRI. He was a Special Fellow at ETRI from 2008 to 2016. 
From 2013 to 2017, he was an adjunct professor at UST (University of 
Science and Technology), Daejeon, Korea. As a principal researcher at ETRI, 
he works in the area of standardization researches for wireless mobile 
networks. He was the chairman of KOREF (Korea Ethernet Forum) from 
2000 to 2004, the President of IPv6 Forum Korea from 2005 to 2008, and a 
Vice President of IEIE (Institute of Electronics and Information Engineers) 
from 2004 to 2011. Also, he served as a Vice Chairman of ITU-T SG11 
(Study Group on signalling requirements, protocols and test specifications) 
from 2005 to 2012, and as the Chairman of IEEE (Institute of Electrical and 
Electronics Engineers) Korea Council from 2013 to 2015. Currently, he is  the 
Vice Chair of IEEE 802.21 WG, an Editor of the ETRI Journal, a Council 
member of KICS (Korean Institute of  Communications and Information 
Sciences), and a Senior member of IEEE. 
 

Yun Chul Choi received the B.S. degree in electrical 
& computer engineering from Chungnam National 
University, Daejeon, Korea, in 2007 and the M.S. 
degree in computer network from Chungnam National 
University, Daejeon, Korea, in 2010. He is currently 
pursuing the Ph.D. degree in computer communication 
at Chungnam National University, Daejeon, Korea. 
From 2010 to 2012, he was an Assistant Researcher 
with the Next Communication Research Laboratory, 

ETRI, Daejeon, Korea. In 2012, he was a Visiting Researcher with Ilmenau 
University of Technology (TU Ilmenau), Ilmenau, Germany and an Internship 
with Deutsche Telekom (DT), Berlin, Germany. Since 2012, he has been a 
Researcher with the Protocol Engineering Center (PEC), ETRI, Daejeon, 

Korea, and his current research interest includes the testbed construction for 
future internet. 

 
Byung Jun Ahn is a principal researcher at ETRI, 
Korea, since 1986. His current research area includes 
the convergence of computing and networking, Internet 
traffic managements, network virtualization, service 
oriented architecture, and 5G. He has led many 
research projects in telecommunications traffic 
management and micro-flow based Internet router 
systems technologies. Currently, Dr. Ahn is the editor 

of ITU-T SG 13 draft Rec. Y.IMT2020-frame and Y.IMT2020-arch. He 
received his Ph.D. degree in Computer Engineering from Iowa State 
University. 
 

Jin Seek Choi is presently working for Hanyang 
University from 2004, Korea. He has authored more 
than 50 reviewed technical papers related with 
communication networking. His current research 
interest includes path computation element, control and 
management framework, software defined networking, 
optical Internet, routing and wavelength assignment, 
QoS guaranteed high-speed switching and routing, and 
location and mobility management protocol in next 
generation wired and wireless networks. He received 

his BSEE from Sogang University in 1985, and MSEE and Ph.D. degree from 
the Korea Advanced Institute of Science and Technology (KAIST), Korea, in 
1987 and 1995, respectively. He worked at Gold Star Information and 
Communication Co. from 1987 to 1991 where he worked on the development 
of Ethernet, FDDI bridge, and ISDN systems. He worked at Kongju National 
University from 1995 to 2001. He worked for National Institute of Science 
and Technology (NIST), Washington D.C., U.S. as a Visiting Researcher 
from September 1998 to August 2000. He also worked for School of 
Engineering at Information and Communications University (ICU merged 
into KAIST) from 2001 to 2003. 

339

 
 
International Conference on Advanced Communications Technology(ICACT)

ISBN  979-11-88428-00-7 ICACT2018  February 11 ~ 14, 2018



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




