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ROUTING OPTIMIZATION METHOD

Description

Technical Field

The present invention relates to a routing
optimization method on a nested mobile network and a
computer-readable recording medium recording a program
using the same; and, more particularly, to a routing
optimization method on a nested mobile network that each
user terminal can fast and efficiently communicate
through routing optimization of a packet when user
terminals within nested network mobility (Intra-NEMO)
communicate under nested network mobility protocol
obtained by exteﬁding a NEMO basic support protocol
developed to support mobility of the Internet, and a
computer-readable recording medium recording a program

using the same.

Background Art

Terms used in the present invention will be defined
as follows.

Home address (HoA) 1is an address used to identify
each mobile node (MN) in mobile Internet protocol (IP).

Care of address (CoA) is an address having location
information of the mobile node in the mobile IP.

Prefix is a mobile network prefix.

A network mobility support protocol, a home agent
(HA) and mobile router (MR) should be basically set up to
support ceaseless communication in a mobile user terminal.
Also, protocol is required to be extended for efficient
communication between user terminals under a nested
mobile network. Accordingly, in the present invention,
the user terminals under the nested mobile network define

a series of protocols to interactively communicate
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through an optimal route.

The currently used Internet is invented to be used
in a fixed public place by applying Transmission Control
Protocol/Internet Protocol (TCP/IP).

However, as a mobile technology is developed day by
day, Internet users desire to receive the same service
not only they are in the fixed place but also on the move.
Accordingly, Internet Engineering Task Force (IETF) forms
a working group for a mobile IP and tries to establish
the mobile IP standard. As a result, the mobile IP
standard in IPv4 and IPv6 is actually confirmed.

The mobile IP is well operated when an individual
user terminal moves, but has many problems when a subnet
including a plurality of user terminals simultaneously
operate. That is, when a portable Internet device 1is
used, it is expected that users desire to wirelessly
access to the Internet while moving through
transportation such as a bus, subway, and a car.
Accordingly, when each user communicates based on the
mobile IP, there is a problem that all users should
register location information in case that transportation
such as the subway loading many users moves from one cell
to another.

Therefore, discussion on network mobility (NEMO)
supporting the movement of a subnet unit based on the
mobile IP of an IPv6 version has been progressed. As a
result, a working group is formed in the IETF and a
related standard has been established. However, a
research on routing optimization for efficient
communication between user terminals in the inside of the
nested mobile network has been progressed, but a related
standard is not established yet.

The NEMO basic support protocol suggested by the
IETF introduces a concept of a router capable of moving

called a mobile router (MR) and sets up the mobile router
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in transportation. When the transportation is moving,
the NEMO basic support protocol considers that an entire
network moves and only the mobile router updates location
information in a corresponding home agent.

However, according to the NEMO basic support
protocol, two user terminals included in the nested
mobile network can communicate only through the home
agent of the mobile routers having a structure nested to
the home agent of each user terminal. Herein, the home
agent of the mobile router having the structure nested to
the home agent of each user terminal is located in the
outside of the nested mobile network and it causes long
delay in communication. In particular, when the user
terminal or the mobile router is far away from its own
home 1link, the delay Dbecomes a serious problen.
Therefore, when terminals included in the same nested
mobile network communicate, an efficient routing method

should be found.

Disclosure

Technical Problem

It is, therefore, an object of the present invention
to provide a routing optimization method on a nested
mobile network that each user terminal can fast and
efficiently communicate through routing optimization of a
packet when user terminals communicate within nested
network mobility (NEMO), i.e., Intra-NEMO, under nested
network mobility protocol, and a computer-readable
recording medium a recording a program using the same.

Other objects and advantages of the invention will
be understood by the following description and become
more apparent from the embodiments in accordance with the
present invention, which are set forth hereinafter. It

will be also apparent that objects and advantages of the
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invention can be embodied easily by the means defined in

claims and combinations thereof.

Technical Solution

In accordance with one aspect of the present
invention, there 1is provided a communication routing
optimization method on a nested mobile network, including
the steps of: a) interactively transmitting a routing
optimization message including a network prefix of an
internal interface at each mobile router on the nested
mobile network; b) creating/updating a forwarding table
at each mobile router on the nested mobile network based
on the transmitted routing optimization message; and c¢)
when a mobile router (MR) transmits a received packet,
comparing a destination Internet Protocol (IP) address of
the packet with an entry of the forwarding table and
forwarding the packet to a corresponding interface based
on information of the forwarding table.

The communication routing optimization method
further includes the step of: d) when a mobile router
transmits a received packet, comparing a destination IP
address of the packet with an entry of the forwarding
table and transmitting the packet through a bi-
directional tunnel to a home agent (HA).

In accordance with another aspect of the present
invention, there is provided a computer-readable
recording medium for storing a routing optimization
program in mobile network system having a processor for
communication in a nested mobile network, including the
steps of: a) interactively transmitting a routing
optimization message including a network prefix of its
own internal interface by each mobile router on the
nested mobile network; b) creating/updating a forwarding

table based on the transmitted routing optimization
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message; and c¢) when a mobile router transmits the
received packet, comparing a destination Internet
Protocol address of a corresponding packet with an entry
of the forwarding table and forwarding the corresponding
packet to a corresponding interface based on information
of the forwarding table.

Also, the present invention provides a computer-
readable recording medium recording a program, which
includes the steps of: a) comparing the destination IP
address of the corresponding packet with the entry of the
forwarding table when one mobile router transmits the
transmitted packet, and b) when there is no entry,
transmitting the packet through a bi-directional tunnel
to the home agent.

The present invention suggests a communication
routing optimization method for efficient communication
between user terminals under the nested mobile network.

For communication routing optimization, the mobile
router and the user terminal applies exchange of the
message and the routing table. It is an additional thing
which is not required to use and Internet or a NEMO basic
support protocol in the conventional fixed environment.
Accordingly, the message exchange and the size of the
routing table should be minimized. It is an essential
element for searching an optimal communication route by
exchanging a message fast.

Therefore, the present invention focuses on setting
up an optimal route when each user terminal communicates
on the nested mobile network and minimizing an additional
cost. Also, the present invention suggests a distributed

structure to acguire security.

Advantageous Effects

In communication between mobile network nodes on a
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nested mobile network, the present invention can transmit
a packet through an optimal network route without going
through a mobile router having a nested structure and a
home agent of each mobile router.

In the present invention, communication between
visiting mobile nodes (VMNs) visiting an external network
or between the visiting mobile node and the local fixed
node as well as communication between local fixed nodes
(LFNs) can be performed through an optimal route.

Also, the present 1invention <considers routing
optimization between mobile nodes in case that the mobile
nodes following a Mobile IPv6é protocol are located on the
nested mobile network. Accordingly, when the routing
optimization technique suggested in the Mobile IPv6
protocol is adopted, the optimal route can be secured,
just as the local fixed node does.

Also, the mobile network 1is a protocol structure
considering mobility. When an entire mobile network
changes a location on a network, the mobile network nodes
on the mobile network do not recognize the change of the
location and do not generate a signal for newly updating
its own location information. The characteristic is
called transparency on mobility and becomes a
representative merit of the mobile network protocol.
Therefore, when the entire nested mobile network moves,
the present invention can secure transparency on mobility.
That is, the present invention secures an optimal route,
but does not simultaneously generate a signal due to

update of additional 1location information due to the

‘network mobility.

According to the present invention, when the mobile
network protocol 1is applied to Internet access and a
personal portable terminal, it is possible to provide a
call or a service of a good quality to clients in a call

between the «clients within a specific region, an
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interactively working application, traffic control
between each vehicles and a scenario of a traffic control
system for other application. Also, a service provider

can more efficiently use network resources.

Description of Drawings

The above and other objects and features of the
present invention will become apparent from the following
description of the preferred embodiments given in
conjunction with the accompanying drawings, in which:

Fig. 1 shows a procedure that routing optimization
messages are transmitted in accordance with an embodiment
of the present invention;

Fig. 2 shows a data packet transmitting method of an
optimized route in accordance with the embodiment of the
present invention;

Fig. 3 shows a routing optimization message in
accordance with an embodiment of the present invention;

Fig. 4 shows a forwarding table entry format of the
routing optimization message in accordance with the
embodiment of the present invention; and

Fig. 5 shows a forwarding table data structure of a
mobile router in accordance with the embodiment of the

present invention.

Best Mode for the Invention

Other objects and advantages of the present
invention will become apparent from the following
description of the embodiments with reference to the
accompanying drawings. Therefore, those skilled in the
field of this art of the present invention can embody the
technological concept and scope of the invention easily.

In addition, if it is considered that detailed
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description on a related art may obscure the points of
the present invention, the detailed description will not
be provided herein. The preferred embodiments of the
present invention will be described in detail hereinafter
with reference to the attached drawings.

The present invention suggests a method for setting
up an optimal communication route when each user terminal
communicates with other user terminal on the same nested
mobile network under a nested network mobility support
protocol for supporting that the nested mobile network
including a plurality of mobile networks forms one unit.

As described above, when the user terminals in the
inside of the nested mobile network interactively
communicate, applying network mobility (NEMO) basic
support protocol causes 1long delay. When the wuser
terminals in the inside of the same nested mobile network
interactively communicate, routing optimization is
required.

In the present invention, each mobile router (MR)
interactively transmits a routing message including a
network prefix of its own internal interface and all
mobile routers (MRs) create a forwarding table based on
the transmitted routing message on the nested mobile
network. Subsequently, before the mobile router
transmits the received packet through a bi-directional
tunnel with its own home agent (HA), the mobile router
forwards the packet to a corresponding interface in case
that a destination IP address of a corresponding packet
is the same as an entry of a forwarding table based on
information of the forwarding table. Otherwise, the
mobile vrouter . transmits the packet through a bi-
directional tunnel to the home agent, as a definition of
the NEMO basic support protocol.

Since the present invention has a stateless

distributed structure, which does not require status
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information, an additional agent for routing optimization
is not required. Also, user terminals included in the
same nested mobile network can communicate through an
optimal route, it is possible to minimize communication
delay. Accordingly, a real time game, real time
communication, a walky-talky service, and data
transmission between user terminals in the inside of one
mobile network such as the same vehicle or train can be
efficiently performed.

A method for optimizing a communication route of the
user terminals on one nested mobile network in a
structure of the nested mobile network will be described
hereinafter.

According to the brief description of the
communication routing optimization method, each of mobile
routers 21 to 24 interactively transmits a routing
message including a network prefix of its own internal
interface (see Fig. 1) and all mobile routers 21 to 24 on
the nested mobile network create a forwarding table based
on the transmitted routing message (see Fig. 1). Before
the mobile routers 21 to 24 transmit the received packet
through a bi-directional tunnel with its own home agent
(see Fig. 2), the mobile routers 21 to 24 forward the
packet to a corresponding interface Dbased on the
information of the forwarding table in case that the
destination IP address of the corresponding packet is the
same as the entry of the forwarding table. Otherwise,
the mobile routers 21 to 24 transmit the packet through
the bi-directional tunnel to the home agent, just as the
definition of the NEMO basic support protocol.

A procedure for transmitting the routing
optimization message is as follows.

The mobile router following the NEMO basic support
protocol does not have information on a network prefix of

an internal interface of other mobile routers or mobile
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network nodes in a structure of the nested mobile network,
The mobile router basically transmits all packets toward
the home agent of the mobile router.

Meanwhile, in the present invention, all mobile
routers 21 to 24 on the nested mobile network can figure
out the information of the network prefix in the internal
interface of other mobile routers 21 to 24 through the
routing optimization message (see Fig. 3). Herein, a
point of the contents included in the routing
optimization message is that the packet can Dbe
transmitted to the destination included in the message
within a few hops in case that the mobile routers
transmit a corresponding packet to themselves.

That is, when its own forwarding table is wvacant
(see Fig. 5), the mobile routers 21 to 24 transmit a
routing optimization message having contents that the
mobile routers 21 to 24 can transmit a packet to an
address region of its own internal interface, 1i.e.,
having one forwarding table entry (see Fig. 4), through
its own all interface. When there are two forwarding
table entries in its own forwarding table, the mobile
routers 21 to 24 transmit the routing optimization
message including the forwarding table entry on the
address region of its own internal interface and two
forwarding table entries in the conventional forwarding
table through all interfaces.

Herein, the routing optimization message has all
nodes of a corresponding interface, i.e., the mobile
routers MR 21 to 24, receive the routing optimization
message based on IPv6 link local multicast.

The routing optimization message basically
transmitted to all interfaces including the forwarding
table entry of all forwarding tables every specific cycle.
When metric information of a specific entry of a

forwarding table is wupdated, the routing optimization

10
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message including only a forwarding table entry of
updated contents is transmitted.

Subsequently, when the transmitted forwarding table
entry does not exist in its own forwarding table, the
mobile  routers 21 to 24 receiving the routing
optimization message adds a corresponding forwarding
table entry to the forwarding table. However, when an
entry having the same address region as the transmitted
forwarding table entry exists in the forwarding table,
the mobile routers 21 to 24 compare the metric of each
forwarding table entry with the newly received forwarding
table entry. When the newly received forwarding table
entry is smaller than the metric of the conventional
forwarding table entry, the newly received forwarding
table entry is replaced with a new forwarding table entry.
Otherwise, the newly received forwarding table entry is
ignored.

A routing optimization message transmitting and
forwarding table updating procedure will be described in
detail with reference to Fig. 1.

Fig. 1 shows a procedure that routing optimization
messages 101 to 103 are transmitted and each mobile
router 21 to 24 create forwarding tables 201 to 203.

Since it is complicated to express information of
all mobile routers 21 to 24, the routing optimization
message transmitting and forwarding table updating
procedure will be described in detail based on the mobile
router 21 having B::1 as the home address (HoOA).

The mobile router 21 of a home address B::1 can
transmit a packet to a mobile network node (MN) 11
corresponding to a mobile network prefix B:: of its own
internal interface through one hop. Accordingly, the
mobile router 21 transmits the routing optimization
message 101 to the mobile router 22, which is a home

address A::l. An IP address of B::1, which is

11
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identifiable in a corresponding interface, is A::2, i.e.,
the care of address (CoA). Therefore, a source address
of a routing optimization message is A::2.

Since the mobile router 22 of the home address A::l
receives the new routing optimization message 101, the
mobile router 22 adds corresponding information to a
forwarding table 201. Herein, the metric value becomes 2
by adding the number of hops of the mobile router 22 and
the B::1 mobile router 21. Since the A::1 mobile router
22 updates the forwarding table 201, the A::1 mobile
router 22 transmits the routing optimization message 102
through all interfaces.

Since the mobile router 23 of a home address C::l
receives the new routing optimization message 102, the
mobile router 23 adds corresponding information to a
forwarding table 202. A metric value becomes 3 by adding
the number of hops of the mobile router 23 and the A::l
mobile router 22. Since the C::1 mobile router 23
updates a forwarding table 202, the C::1 mobile router 23
transmits a routing optimization message 103 through all
interfaces.

Since the mobile router 24 of a home address D::1
receives the new routing optimization message 103, the
mobile router 24 adds corresponding information to a
forwarding table 203. A metric value becomes 4 by adding
the number of hops of the mobile router 24 and the C::1
mobile router 23.

As described above, next mobile routers 21 to 24 to
transmit a packet are determined such that all mobile
routers 21 to 24 of the nested mobile network can
transmit a packet to the mobile network node 11 having a
B:: prefix.

A procedure for transmitting a packet to an optimal
route will be described in detail.

When the mobile routers 21 to 24 receive a packet

12
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from the mobile network nodes 11 and 12, or other mobile
routers 21 to 24, the mobile routers 21 to 24 searches 1in
a forwarding table whether a forwarding table entry
matching with a destination Ip address of the
corresponding packet exists.

When it turns out that the destination IP address of
the corresponding packet matches with a specific entry of
the forwarding table, the mobile routers 21 to 24
transmits a corresponding packet based on next hop
information of the forwarding table.

When the forwarding table entry matching with the
destination IP address of the corresponding packet does
not exist, the packet is transmitted through a bi-
directional tunnel to the home agent.

To be more specific, in Fig. 2, when the mobile
network node 12 having an IP address D::10 transmits a
data packet 301 to the mobile network node 11 having an
IP address B::10, a start address is D::10 and a
destination address is B::10.

The data packet 301 is transmitted to the mobile
router 24 of the home address D::1. Through search of
its own forwarding table 203, the D::1 mobile router 24
figures out that the D::1 mobile router 24 can transmit a
packet having a prefix destination address of B:: to the
mobile router 23 of the home address C::1 only within 4
hops. Therefore, the D::1 mobile router 24 transmits the
corresponding packet 301 to the C::1 mobile router 23.

Subsequently, through search of its own forwarding
table 202, the C::1 mobile router 23 figures out that the
C::1 mobile router 23 can transmit a packet having the
prefix destination address of B:: to the mobile router 22
of the home address A::1 only within 3 hops. Therefore,
the C::1 mobile router 23 transmits the corresponding
packet 301 to the A::1 mobile router 22.

Just as the same method, the corresponding packet

13
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301 is transmitted to the mobile network node 11 through
the mobile router 22 of the home address A::1 and the
mobile router 21 of the home address B::1.

The routing optimization message will be described
in detail with reference to Fig. 3.

A command of the routing optimization message 1is
divided into Request, Response, and Default.

The Request is a command which does not wait a cycle
that the routing optimization message is transmitted and
requests a routing optimization message to a near mobile
router for fast routing optimization when a new mobile
router attends the nested mobile network.

As a response to the Request message, a routing
optimization message to ‘be transmitted to the mobile
router request the routing optimization message 1is a
Response message.

The routing optimization message, which is basically
transmitted every specific cycle, has a Default command.

The routing optimization message includes a
plurality of 20-bytes forwarding table entries.

As shown in Fig. 4, each of 20-bytes forwarding
table entry includes a field for a l6-bite IPv6 prefix
and has information on a l-bite network prefix length and
a l-bite route metric.

Meanwhile, a structure of the forwarding table
included in the mobile router is as shown in Fig. 5.

The forwarding table has IPv6 prefix, metric, next
hop, and last time fields.

The IPvé6 prefix field shows an IPv6 address region
prefix of the destination address for routing
optimization.

The metric field shows a network route metric
consumed for transmission to a corresponding destination
IP address.

The next hop field shows a next mobile router which

14
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is transmitted through routing optimization.

The last time field shows a recent transmission time
of each forwarding table entry. Since the mobile router
can leave the nested mobile network without transmitting
an explicit message in the nested mobile network, the
corresponding forwarding table entry should be deleted
when a specific time passes. When the forwarding table
entry 1is not updated for a predetermined time with
reference to the last time field, the corresponding
forwarding tabie entry should be deleted.

As described above, the technology of the present
invention can be realized as a program and stored in a
computer-readable recording medium, such as CD-ROM, RAM,
ROM, floppy disk, hard disk and magneto-optical disk.
Since the process can be easily implemented by those
skilled in the art, further description will not be
provided herein.

While the present invention has been described with
respect to certain preferred embodiments, it will be
apparent to those skilled in the art that various changes
and modifications may be made without departing from the

scope of the invention as defined in the following claims.
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What is claimed is:

1. A communication routing optimization method on a
nested mobile network, comprising the steps of:

a) interactively transmitting a routing optimization
message including a network prefix of an internal
interface at each mobile router on the nested mobile
network;

b) creating/updating a forwarding table at each
mobile router on the nested mobile network based on the
transmitted routing optimization message; and

c) when a mobile router (MR) transmits a received
packet, comparing a destination Internet Protocol (IP)
address of the packet with an entry of the forwarding
table and forwarding the packet to a corresponding

interface based on information of the forwarding table.

2. The method as recited in c¢laim 1, further
comprising the step of:

d) when a mobile router transmits a received packet,
comparing a destination IP address of the packet with an
entry of the forwarding table and transmitting the packet

through a bi-directional tunnel to a home agent (HA).

3. The method as recited in claim 1, wherein the
routing optimization message includes information
informing the number of hops that the received packet
passes to be transmitted to a destination included in the

message.

4, The method as recited in claim 3, wherein the
routing optimization message is transmitted to all nodes
of a corresponding interface, i.e., mobile routers, based

on an IPv6 link local multicast.

16
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5. The method as recited in claim 4, wherein in
transmission of the routing optimization message, when
the forwarding table of the mobile router is vacant, the
mobile router transmits a routing optimization message
having contents that the mobile router can transmit a
packet to an address region of the internal interface,
i.e., having only one forwarding entry, through all
interface of the mobile router, and when a forwarding
table entry exists in the forwarding table, the mobile
router transmits a routing optimization message including
the forwarding table entry on the address region of the
internal interface and the forwarding entry in an

existing forwarding table through all interfaces.

6. The method as recited in claim 5, wherein in
reception of the routing optimization message, when the
transmitted forwarding table entry does not exist in the
forwarding table of the mobile router, the mobile router
adds the corresponding forwarding table entry to the
forwarding table, and when an entry of the same address
region as the transmitted forwarding table entry exists
in the forwarding table, the mobile router compares
metrics of forwarding table entries and replaces the
forwarding table entry with a new forwarding table entry
in case that the newly received forwarding table entry
has a smaller metric than the existing forwarding table
entry, or ignores the newly received forwarding table
entry in case that the newly received forwarding table
entry does not have a smaller metric than the existing

forwarding table entry.

7. The method as recited in c¢laim 6, wherein when a
packet is transmitted from a mobile network node or
another mobile router, the mobile router searches a

forwarding table entry matching with a destination IP
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address of a corresponding packet in the forwarding table
and transmits the packet based on next hop information of
the forwarding table in case that the forwarding table
entry matches with the destination IP address of the
packet or transmits the corresponding packet through a
bi-directional tunnel to the home agent table in case
that the forwarding table entry does not match with the
destination IP address of the corresponding packet.

8. The method as recited in claim 4, wherein the
routing optimization message includes at least one
forwarding table entry and each forwarding table entry
includes IPv6 prefix information, network prefix length

information, and route metric information.

9. The method as recited in claim 8, wherein the
forwarding table has IPV6 address  region prefix
information of a destination address for routing
optimization, metric information of a network route used
for transmission to a corresponding destination IP
address, next mobile router information that the mobile
router should transmit when a packet is transmitted
through routing optimization, and recent transmission

time information of each forwarding table entry.

10. The method as recited in claim 9, wherein when
the forwarding table entry 1is not updated for a
predetermined time based on the recent transmission time
information, the mobile router deletes the forwarding

table entry.

11. A computer-readable recording medium for
storing a routing optimization program in mobile network
system having a processor for communication in a nested

mobile network, comprising the steps of:
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a) interactively transmitting a routing optimization
message including a network prefix of its own internal
interface by each mobile router on the nested mobile
network;

b) creating/updating a forwarding table based on the
transmitted routing optimization message; and

c¢) when a mobile router (MR) transmits the received
packet, comparing a destination Internet Protocol (IP)
address of a corresponding packet with an entry of the
forwarding table and forwarding the corresponding packet
to a corresponding interface based on information of the

forwarding table.

12. The computer-readable recording medium as
recited in claim 11, further comprising the step of:

d) when a mobile router transmits the received
packet, comparing a destination IP address of the packet
with an entry of the forwarding table and transmitting
the packet through a bi-directional tunnel to a home

agent (HA).
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