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Description

Title of Invention

RELAY DEVICE, TERMINAL DEVICE, AND COMMUNICATION METHOD

Technical Field
[0001]
The present disclosure relates to a relay device, a terminal device, and a

communication method.

Background Art
[0002]
In a cellular network, a relay device called a relay node has been designed.
The relay node is located between a base station and a user terminal and has a
function of relaying wireless communication. For example, a standard related to

the relay node in 3GPP has been examined in the following Non-Patent Literature 1.

Citation List
Non-Patent Literature
[0003]
Non-Patent Literature 1: 3GPP TS 36.300 Release 12 V12.8.0 (2016-01)
Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal
Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2

Disclosure of Invention
Technical Problem
[0004]
The technology proposed in the foregoing Non-Patent Literature 1 was only
recently proposed and it is difficult to say that the technology is sufficient as a
technology for utilizing a relay node. For example, it is one technology in which

efficiency of information processing on a relay node is insufficient.
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Solution to Problem
[0005]

According to the present disclosure, there is provided a relay device
including: a storage unit configured to store a first conversion table of address
information; and a control unit configured to convert and relay transmission
destination information or transmission source information of a packet transmitted
and received between an upstream node of a connection destination and a
downstream node of a subordinate on a basis of the first conversion table stored in
the storage unit.

[0006]

In addition, according to the present disclosure, there is provided a terminal
device including a control unit configured to transmit a message requesting an
upstream node which converts transmission destination information or transmission
source information of a packet to be relayed, on a basis of a stored first conversion
table of address information, to register the first conversion table.

[0007]

In addition, according to the present disclosure, there is provided a
communication method including: storing a first conversion table of address
information; and converting and relaying, by a processor, transmission destination
information or transmission source information of a packet transmitted and received
between an upstream node of a connection destination and a downstream node of a
subordinate on a basis of the stored first conversion table.

[0008]

In addition, according to the present disclosure, there is provided a
communication method including transmitting, by a processor, a message requesting
an upstream node which converts transmission destination information or
transmission source information of a packet to be relayed, on a basis of a stored first

conversion table of address information, to register the first conversion table.

Advantageous Effects of Invention
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[0009]

According to the present disclosure, as described above, it is possible to
provide a structure for realizing efficiency of information processing on a relay node.
Note that the effects described above are not necessarily limitative. With or in the
place of the above effects, there may be achieved any one of the effects described in

this specification or other effects that may be grasped from this specification.

Brief Description of Drawings
[0010]
[FIG. 1] FIG. 1 is a diagram illustrating an example of a schematic configuration of a
system according to an embodiment of the present disclosure.
[FIG. 2] FIG. 2 is a block diagram illustrating an example of a configuration of the
UE according to the embodiment.
[FIG. 3] FIG. 3 is a block diagram illustrating an example of a configuration of the
RN according to the embodiment.
[FIG. 4] FIG. 4 is a block diagram illustrating an example of a configuration of a
DeNB according to the embodiment.
[FIG. 5] FIG. 5 is a block diagram illustrating an example of a configuration of a core
network node according to the embodiment.
[FIG. 6] FIG. 6 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment.
[FIG. 7] FIG. 7 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment.
[FIG. 8] FIG. 8 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment.
[FIG. 9] FIG. 9 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment.
[FIG. 10] FIG. 10 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment.
[FIG. 11] FIG. 11 is a sequence diagram illustrating an example of a flow of a

connection process performed in the system according to the embodiment.
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[FIG. 12] FIG. 12 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment.

[FIG. 13] FIG. 13 is a diagram illustrating an example of content of a packet header
transmitted and received by each node for communication by the UE according to the
embodiment.

[FIG. 14] FIG. 14 is a diagram illustrating an example of content of a packet header
transmitted and received by each node for communication by the UE according to the
embodiment.

[FIG. 15] FIG. 15 is a diagram illustrating an example of content of a packet header
transmitted and received by each node for communication by the UE according to the
embodiment.

[FIG. 16] FIG. 16 is a diagram illustrating an example of content of a packet header
transmitted and received by each node for communication by the UE according to the
embodiment.

[FIG. 17] FIG. 17 is a diagram illustrating an example of content of a packet header
transmitted and received by each node for communication by the UE according to the
embodiment.

[FIG. 18] FIG. 18 is a diagram illustrating an example of content of a packet header
transmitted and received by each node for communication by the UE according to the
embodiment.

[FIG. 19] FIG. 19 is a sequence diagram illustrating an example of a flow of a
handover process performed in the system according to the embodiment.

[FIG. 20] FIG. 20 is a sequence diagram illustrating an example of a flow of a
handover process performed in the system according to the embodiment.

[FIG. 21] FIG. 21 is a sequence diagram illustrating an example of a flow of a
process of maintaining an address conversion table entry performed in the system
according to the embodiment.

[FIG. 22] FIG. 22 is a diagram illustrating an example of an architecture in a next-
generation network.

[FIG. 23] FIG. 23 is a diagram illustrating an example of an architecture in a next-

generation network.
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[FIG. 24] FIG. 24 is a diagram illustrating an example of a protocol stack in an RN
according to the embodiment.

[FIG. 25] FIG 25 is a diagram illustrating an example of a protocol stack in
communication between UE and a server on a PDN through the RN according to the
embodiment.

[FIG. 26] FIG. 26 is a block diagram illustrating an example of a schematic
configuration of a server.

[FIG. 27] FIG. 27 is a block diagram illustrating a first example of a schematic
configuration of an eNB.

[FIG. 28] FIG. 28 is a block diagram illustrating a second example of the schematic
configuration of the eNB.

[FIG. 29] FIG. 29 is a block diagram illustrating an example of a schematic
configuration of a smartphone.

[FIG. 30] FIG 30 is a block diagram illustrating an example of a schematic

configuration of a car navigation device.

Mode(s) for Carrying Out the Invention
[0011]

Hereinafter, (a) preferred embodiment(s) of the present disclosure will be
described in detail with reference to the appended drawings. Note that, in this
specification and the appended drawings, structural elements that have substantially
the same function and structure are denoted with the same reference numerals, and
repeated explanation of these structural elements is omitted.

[0012]

In addition, in the present specification and the drawings, different reference
numerals are given to nodes that have substantially the same functional
configurations to distinguish the nodes from each other. For example, a plurality of
nodes that have substantially the same functional configurations are distinguished
from each other like a UE 1, a UE 2, and a UE 3, as necessary. However, in a case
where it is not necessary to distinguish a plurality of nodes that have substantially the

same functional configurations from each other, reference numerals are omitted.
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For example, in a case where it is not particularly necessary to distinguish the UE 1,
the UE 2, and the UE 3 from each other, the UE 1, the UE 2, and the UE 3 are simply
referred to as the UEs. The same applies to other nodes such as P-GWs, S-GWs,
MMEs, eNBs, and RNs included in a cellular network.
[0013]

Note that the description will be made in the following order.
1. Introduction
2. Configuration example
2.1. Configuration example of system
2.2. Configuration example of UE
2.3. Configuration example of RN
2.4. Configuration example of DeNB
2.5. Configuration example of core network node
3. Technical features
3.1. Connection process
3.2. Communication process
3.3. Handover process
3.4. Management of address conversion table entry
3.5. Modification examples
3.6. Supplement
4. Use case
5. Application examples
6. Conclusion
[0014]
<<1. Introduction>>

In addition, Table 1 is a table in which existing mobility support protocols
are summarized. The mobility support protocols can be classified in terms of two
viewpoints. The first viewpoint is a viewpoint regarding which of a (node mobility)
protocol that realizes movement of a node alone and a (network mobility: NEMO)
protocol that realizes movement of a node group (network) a mobility support

protocol is. The second viewpoint is a viewpoint regarding which of a (host-based
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global mobility) protocol, in which a moving node (or a moving router) relates to
signaling for movement management and a moving range is the entire Internet, and a
(network-based localized mobility) protocol in which a moving node (or a moving
router) does not relate to signaling for movement management and the moving range
is only a limited range a mobility support protocol is.
[0015]

A proposed protocol according to the embodiment is a protocol in which
NEMO and a moving node are not related to signaling for movement management

and a moving range is only a limited range.

[0016]
[Table 1]
Node Mobility Network Mobility (NEMO)
Host—-Based Mobile IPv4[1] NEMO Basic Support Protocol[2]
Global Mobility Mobile IPv6[3] NEMO Extensions for MIPv4[4]
Network-Based PMIPv6[5] N-PMIPv6 (6]
Localized Mobility |PMIPv4[7] N-NEMO[8]
IPv4 Support for PMIPv6[9] | P-NEMO[10]
PNEMO[11]
PMIPv6-NEMO[12]
[0017]

Note that the respective protocols in Table 1 are described in detail in the
following documents:
[1] C. Perkins. IP Mobility Support for IPv4, Revised, November 2010. RFC 5944.
[2] V. Devarapalli, R. Wakikawa, A. Petrescu, and P. Thubert. Network Mobility
(NEMO) Basic Support Protocol, January 2005. RFC 3963.
[3] C. Perkins, D. Johnson, and J. Arkko. Mobility Support in IPv6, July 2011. RFC
6275.
[4] K. Lueng, G Dommety, V. Narayanan, and A. Petrescu. Network Mobility
(NEMO) Extensions for Mobile IPv4, April 2008. RFC 5177.
[5] S. Gundavelli, K. Lueng, V. Devarapalli, K. Chowdhury, and B. Patil. Proxy
Mobile IPv6, August 2008. RFC 5213.
[6] I. Soto, C.J. Bernardos, M. Calderon, A. Banchs, and A. Azcorra. Nemo-Enabled
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Localized Mobility Support for Internet Access in Automotive Scenarios. IEEE
Communications Magazine, Vol. 47, No. 5, pp. 152-159, 2009.

[7] K. Lueng, G. Dommety, P. Yegani, and K. Chowdhury. WiMAX Forum / 3GPP2
Proxy Mobile IPv4, February 2010. RFC 5563.

[8] Z. Yan, S. Zhang, H. Zhou, H. Zhang, and I. You. Network Mobility Support in
PMIPv6 Network. In Proceedings of 3rd International Conference on Ubiquitous and
Future Networks (ICUFN2011), 2011.

[9] R. Wakikawa and S. Gundavelli. IPv4 Support for Proxy Mobile IPv6, May 2010.
RFC 5844.

[10] J. H. Lee, T. Ernst, and N. Chilamlurti. Performance Analysis of PMIPv6-Based
NEtwork MObility for Intelligent Transportation Systems. IEEE Transactions on
Vehicular Technology, Vol. 61, No. 1, January 2012.

[11] T. Arita and F. Teraoka. PNEMO: A Network-Based Localized Mobility
Management Protocol for Mobile Networks. Journal of Information Processing, Vol.
20, No. 2, February 2012.

[12] X. Zhou, J. Korhonen, C. Williams, S. Gundavelli, and CJ. Bernardos. Prefix
Delegation Support for Proxy Mobile IPv6, March 2014. RFC 7148.

[0018]

<<2. Configuration example>>

<2. 1. Configuration example of system>

FIG. 1 is a diagram illustrating an example of a schematic configuration of a
system according to an embodiment of the present disclosure. As illustrated in FIG.
1, the system according to the embodiment includes a packet data network (PDN)-
gateway (P-GW), a serving-gateway (S-GW), a mobility management entity (MME),
a donor evolved node B (DeNB), a relay-node (RN), and a user equipment (UE).
[0019]

A UE is a terminal device. An RN is a relay device that relays
communication between an upstream node such as a DeNB and a downstream node
such as a UE. An RN operates as a UE in some cases. A DeNB is a base station
to which an RN is connected. The S-GW is a gateway that transmits user data.

The P-GW is a gateway that services as a contact point between a core network and
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an external PDN and is a communication control device that performs assignment of
an IP address or the like. The MME performs movement management of the UE,
authentication, setting of a transfer route of user data, and the like.

[0020]

Additionally, the system according to the embodiment can include nodes
such as an eNB, a home subscriber server (HSS), and a policy and charging rules
function (PCRF). An eNB is a base station to which a UE is connected. An HSS
is an entity that manages user information. A PCRF is an entity that decides a
policy control and charging control rule such as QoS.

[0021]

A solid line connecting nodes indicates wired connection and a broken line
indicates wireless connection. As illustrated in FIG. 1, a P-GW is connected to an
IPv6 global Internet (that is, a PDN). In addition, a P-GW and an S-GW are
connected by an S5/S8 interface. In addition, an S-GW and an MME are connected
by an S11 interface. In addition, an S-GW and a DeNB are connected by an S1-U
interface. In addition, an MME and a DeNB are connected by an S1-MME
interface. In addition, DeNBs are connected by an X2 interface. In addition, a
DeNB and an RN are connected by an S1-U interface. In addition, an RN and a UE
are connected by an E-UTRAN-Uu interface. In addition, RNs are connected by an
S1-U interface.

[0022]

A cell formed by an RN can be referred to as a moving cell or a virtual cell.
In FIG. 1, a moving cell is represented by a rectangle indicated by a broken line.
Like a moving cell formed by an RN 2 and a moving cell formed by an RN 3, a
structure in which a moving cell is included in another moving cell is referred to as a
nested structure. Further, a moving cell of a side included in a nested structure, for
example, a moving cell formed by the RN 2 or the RN 3, is also referred to as a
nested moving cell.

[0023]
In addition, a direction closer to the PDN is also referred to as an upstream

side and a side closer to a UE is referred to as a downstream side. For example, an
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RN 1 is an upstream node to the RN 2, and a UE 3 and a UE 4 are downstream nodes
to the RN 2.
[0024]

The proposed protocol can operate in a domain (network range) of a mobile
phone network, for example, as illustrated in FIG. 1. It is a matter of course that the
domain may be another network configuration.

[0025]

Hereinafter, notation of an IPv6 address used in the system according to the
embodiment will be described.
[0026]

An IPv6 address of a downstream interface of a P-GW is represented by
IPDPGW. The IPv6 address is allocated in advance and is unchanged.

[0027]

IPv6 addresses of upstream and downstream interfaces of an S-GW are
represented by IPUSGW and IPDSGW. The IPv6 addresses are allocated in advance
and are unchanged.

[0028]

IPv6 addresses of upstream and downstream interfaces of a DeNB are
represented by IPUDeNB and IPDDGNB. The IPv6 addresses are allocated in advance
and are unchanged. In addition, 64 high-order bits (prefix) of an IPDDCNB are
represented by Pref® DeNB-

[0029]

An IPv6 address for connection with an upstream DeNB by an S1-U
interface in a case where an RN operates as an eNB is represented by IPURN. Here,
64 high-order bits (prefix) of IPURN are equal to PrefDDeNB. In addition, 64 low-
order bits (interface ID) of IPURN are equal to ifidURN. ifidURN is allocated in
advance and is unchanged.

[0030]

An IPv6 used by an application on an RN in a case where the RN operates

as a UE is represented by IPUERN. Here, 64 high-order bits (prefix) of IPUERN are

represented by Pref'"zy and 64 low-order bits (interface ID) are represented by
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ifid"*kn.  When the RN is powered on and is connected to an LTE network for the
first time, PrerERN and ifidUERN are allocated and are not changed until power-off.
[0031]

An IPv6 prefix (/64) allocated to a downstream moving cell in a case where
an RN operates a moving router is represented by Pref’ry. When the RN is
powered on and is connected to an LTE network for the first time, PrefDRN 18
allocated and is not changed until power-off. An IPv6 address used at the time of
communication with a device inside a downstream moving cell in a case where the
RN operates as a moving router is represented by IP°gn. Here, 64 high-order bits
(prefix) of IPDRN are equal to Pref® rn. Here, 64 low-order bits of IPDRN are
represented by ifidDRN. ifidDRN is allocated in advance and is unchanged.

[0032]

An IP address of a UE is represented by IPyg. Here, 64 high-order bits
(prefix) of IPyg are represented by Prefyg and 64 low-order bits (interface ID) are
represented by ifidyg.

[0033]
<2.2. Configuration example of UE>

Next, an example of a configuration of the UE according to the embodiment
of the present disclosure will be described with reference to FIG. 2. FIG 2 is a
block diagram illustrating an example of the configuration of the UE according to the
embodiment of the present disclosure. Referring to FIG. 2, the UE includes an
antenna unit 110, a wireless communication unit 120, a storage unit 130, and a
control unit 140.

[0034]
(1) Antenna unit 110

The antenna unit 110 releases a signal output from the wireless
communication unit 120 as electric waves into a space. In addition, the antenna
unit 110 converts the electric waves in the space into a signal and outputs the signal
to the wireless communication unit 120.

[0035]

(2) Wireless communication unit 120
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The wireless communication unit 120 transmits and receives signals. The
wireless communication unit 120 receives a downlink signal from the eNB or the RN
and transmits an uplink signal to the eNB or the RN.

[0036]
(3) Storage unit 130

The storage unit 130 temporarily or permanently stores a program and
various kinds of data for operations of the UE.
[0037]

(4) Control unit 140

The control unit 140 provides various functions of the UE. The UE
operates on the basis of control by the control unit 140. An operation of the UE
based on the control by the control unit 140 will be described in detail below.

[0038]
<2.3. Configuration example of RN>

Next, an example of a configuration of the RN according to the embodiment
of the present disclosure will be described with reference to FIG. 3. FIG 3 is a
block diagram illustrating an example of the configuration of the RN according to the
embodiment of the present disclosure. Referring to FIG. 3, the RN includes an
antenna unit 210, a wireless communication unit 220, a storage unit 230, and a
control unit 240.

[0039]
(1) Antenna unit 210

The antenna unit 210 releases a signal output from the wireless
communication unit 220 as electric waves into a space. In addition, the antenna
unit 210 converts the electric waves in the space into a signal and outputs the signal
to the wireless communication unit 220.

[0040]
(2) Wireless communication unit 220

The wireless communication unit 220 transmits and receives signals. For
example, the wireless communication unit 220 receives a downlink signal from an

upstream DeNB or another RN to relay the downlink signal to a downstream UE or
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RN. In addition, for example, the wireless communication unit 220 receives an
uplink signal from a downstream UE or RN to relay the uplink signal to an upstream
DeNB or another RN.
[0041]
(3) Storage unit 230

The storage unit 230 temporarily or permanently stores a program and
various kinds of data for operations of the RN.
[0042]
(4) Control unit 240

The control unit 240 provides various functions of the RN. The RN
operates on the basis of control by the control unit 240. An operation of the RN
based on the control by the control unit 240 will be described in detail below.
[0043]
<2.4. Configuration example of DeNB>

Next, an example of a configuration of the DeNB according to the
embodiment of the present disclosure will be described with reference to FIG. 4.
FIG. 4 is a block diagram illustrating an example of the configuration of the DeNB
according to the embodiment of the present disclosure. Referring to FIG. 4, the
DeNB includes an antenna unit 310, a wireless communication unit 320, a network
communication unit 330, a storage unit 340, and a control unit 350.
[0044]
(1) Antenna unit 310

The antenna unit 310 releases a signal output from the wireless
communication unit 320 as electric waves into a space. In addition, the antenna
unit 310 converts the electric waves in the space into a signal and outputs the signal
to the wireless communication unit 320.
[0045]
(2) Wireless communication unit 320

The wireless communication unit 320 transmits and receives signals. For
example, the wireless communication unit 320 transmits a downlink signal to a

downstream UE or RN and receives an uplink signal from a downstream UE or RN.
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[0046]
(3) Network communication unit 330

The network communication unit 330 transmits and receives information.
For example, the network communication unit 330 transmits information to other
nodes and receives information from the other nodes. For example, the other nodes
include other DeNBs and core network nodes.
[0047]
(4) Storage unit 340

The storage unit 340 temporarily or permanently stores a program and
various kinds of data for operations of the DeNB.
[0048]
(5) Control unit 350

The control unit 350 provides various functions of the DeNB. The DeNB
operates on the basis of control by the control unit 350. An operation of the DeNB
based on the control by the control unit 350 will be described in detail below.
[0049]
<2.5. Configuration example of core network node>

Next, an example of a configuration of a core network node according to an
embodiment of the present disclosure will be described with reference to FIG. 5.
Here, the core network node includes, for example, a P-GW, an S-GW, an MME, and
the like. FIG. 5 is a block diagram illustrating the example of the configuration of
the core network node according to the embodiment of the present disclosure.
Referring to FIG. 5, the core network node includes a network communication unit
410, a storage unit 420, and a control unit 430.
[0050]
(1) Network communication unit 410

The network communication unit 410 transmits and receives information.
For example, the network communication unit 410 transmits information to another
node and receives information from still another node. For example, the other
nodes include another core network node, the PDN, and the DeNB.

[0051]
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(2) Storage unit 420

The storage unit 420 temporarily or permanently store various kinds of data
and a program for operating the core network node.
[0052]
(3) Control unit 430

The control unit 430 provides various functions of the core network node.
The core network node operates on the basis of control by the control unit 430. An
operation of the core network node based on the control by the control unit 430 will
be described in detail below.
[0053]
<<3. Technical features>>
<3. 1. Connection process>

First, technical features related to a connection process in the system
according to the embodiment will be described. Here, the connection process is a
process of connecting a UE or an RN to a DeNB or an RN.
[0054]
- Routing table

Each node (for example, a DeNB, an S-GW, and a P-GW) from a base
station to the P-GW stores a routing table in which transmission destination
information is associated with a transfer destination. For example, the routing table
includes an entry in which a terminal IP address (that is, a destination IP address) is
associated with a GTP tunnel of a transfer destination. Each node relays a received
packet using an appropriate GTP tunnel on the basis of the routing table.
[0055]

For example, examples of the routing table which can be stored by each
node are shown below.
[0056]
[Table 2A]
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Table 2A: Routing table stored by P-GW 1

Terminal IPv6 address

Transfer destination

PrefYE na GTPsgw:
Pre fPgy, GTPgsgwi:
defaultt Global Internet

[0057]
[Table 2B]
Table 2B: Routing table stored by S-GW 1
Terminal IPv6 address Transfer destination
PrerERN1 GTPDeNBl
PrefPry; GTPp.ng1
default I PPrgws
[0058]
[Table 2C]
Table 2C: Routing table stored by DeNB 1
Terminal IPv6 address Transfer destination
PrefUl,,, GTPgryn:
PrefPqy, GTPgun:
default I PPygws
[0059]

An MME stores a management table in which identification information of

node are associated with each other.

[0060]

For example, an example of the management table stored by an MME 1 is

- Management Table

shown below.

[0061]
[Table 3]

a node (a UE or an RN) attached to a network, address information, and address
information of an upstream node (that is, a node of a connection destination) of the
The MME can ascertain all the RNs and the

UEs connected to a moving cell in accordance with the management table.
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Table 3: management table stored by MME 1

ID IPv6 address Upstream node
I Dgni I PYFrn, I PPpenps
I Dyg, I Pygrq I PPy,
I Dyg, I Pygs I PPy,
I Dgna IPYELys I P oy,
IDygs I Pygrs IPPy,
I Dyga I Pypy I PPryos
I Dgyy IPY ¢y I PPryy
I Dygs I Pygs I PPrys

[0062]
- Conversion Table

An RN stores a conversion table (a first conversion table) of address
information.  The conversion table includes information in which address
information of a downstream node is associated with address information of the RN
corresponding to the downstream node. Note that the address information is
information including an IP address and/or a port number. Here, the IP address is,
for example, an IPv6 address. The RN can aggregate packets destined for the
downstream node of the RN to the RN by using the conversion table.

[0063]

A P-GW also stores a conversion table (a second conversion table) of
address information. The conversion table includes information in which address
information of a most downstream node (that is, a UE or an RN operating as a UE) is
associated with address information of the RN corresponding to the most
downstream node. The P-GW can aggregate packets destined for the downstream
node of the RN to the RN by using the conversion table.

[0064]

A UE transmits a message requesting registration of the conversion table in
an RN which is an upstream node of a connection destination. In addition, in a case
where there is a P-GW or an RN upstream, an RN also transmits the message
requesting registration of the conversion table to the RN. The message is also
referred to as a network address translation (NAT) registration request below. The
RN and the P-GW can appropriately update the conversion tables on the basis of the

message. An NAT registration response (NAT registration Ack) is given as a
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response to the NAT registration request.

[0065]

For example, examples of the conversion table which can be stored by each

RN are shown below.

[0066]
[Table 4]
Table 4: address conversion table stored by P-GW 1

Downstream IP Downstream Pt Upstream IP Upstream Pt Timer
IPUERNI PthNIUEZ Il:)UEZ PtlUEZ
I PYEpya Pt 1R8V1yp, | TPygy Ptlygy
I]-)UERNI PthNlRNS IPRNS PthN3
I:PUERNI PthNlUEﬁ IPUE5 PtlUEE
IP)UERNl 1:)t‘ZRNIUEl IPUEl PtzUEl
IPUERNI PtzRNlUE2 IPUEZ Pt2UE2
IIDUERNI Pt2RN1RN2 IPUERNZ Pt2RN2
I P pny Pt2RN2,p3 | I Pygs Pt2ygs
I]?UERNI Pt2RNZUE4 IPUE4 Pt2UE4
IPUERNI Pt2RNlRN3 IPUERNB PtzRNS
IlDUERNl PtzRNSUES I]?UES Pt2UE5

[0067]

[Table 5]

Table 5: address conversion table stored by RN 1

Downstream IP Downstream Pt Upstream IP Upstream Pt Timer
I Pygpe Ptlygs I Py Pt1®'yg,
IPYrns Pt1RfN2,5, IPY rny Pt1fNlyg,
I PY rns Ptlgns I P pny Pt 1RN1pys
I P pns Pt1%%3%;ps | TPY%yy, Pt 1% yps
I Pyg, Ptlyg, [P Ny Pt 18Nyp,
I Pyg, Pt2yg, IPY rns Pt 2RNT,p,
T Pygs Pt2yg, I Py Pt2RfV1yg,
I P ens Ptlgne IPYpny Pt1% 7 eny
I P"Fgyns Pt2gne IPY"rny Pt2" ey,
IPY"pnsy Pt 1RN2yus | TPYFgy, Pt1RfN Ty,
I P rny Pt 282,54 IPY sy Pt2fNlyp,
IP" rns Pt 2RfN2,5, I PY gy Pt2RN'yp,
I P rys Pt2gyns I PY pu, Pt2RN'pys
I P%puns Pt 283,55 I PY% sy Pt2%N3,55

[0068]

[Table 6]
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Table 6: address conversion table stored by RN 2

Downstream IP Downstream Pt Upstream IP Upstream Pt Timer
I Pygas Ptlygy I P pne Pt 1RN2,5,
IPUES PtlUEB IPUERNZ PthNzUEB
I Pygs Pt2uyps I PY rne Pt2"N2;p,
I Py, Pt2yg, I P pne Pt28fN2,p,
[0069]
[Table 7]
Table 7: address conversion table stored by RN 3
Downstream IP__| Downstream Pt Upstream IP Upstream Pt Timer

I Pygs Ptlygs I PYFrns Pt 1RN3,ps
I Pygs Pt2ygs I PYFpns Pt 2RN3,.y
[0070]
- DHCP-PD

In a case where an IP address is not acquired, the RN receives allocation of
a prefix portion of the IP address from the P-GW. The same applies to a case where
the RN is connected to a DeNB and a case where the RN is connected to a moving
The RN may perform DHCP-prefix delegation (PD) between the P-GWs.
Note that DHCP-PD is

cell.
Thus, the RN can receive the allocation of the prefix.
described in detail in "O. Troan and R. Droms. IPv6 Prefix Options for Dynamic
Host Configuration Protocol (DHCP) version 6, December 2003. RFC 3633."

[0071]

The RN can allocate a prefix (for example, IPv6 Prefix/64) which is a part
of the allocated prefix (for example, IPv6 Prefix/56) to subordinate nodes. Thus,
since the RN and the subordinate nodes of the RN have the common prefix, the
conversion table can be simplified.

[0072]
- Information indicating placement

The RN transmits information indicating placement of a moving cell formed
by the RN. The information is, for example, information indicating that the RN is
most upstream (for example, MCTOP Flag=ON) or information indicating that the
RN forms a nested moving cell (for example, MCNEST Flag=ON). The

information is included in, for example, an attach request to be transmitted.
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[0073]
- Transmission of attach request

The RN controls a transmission timing of the attach request related to the
attached downstream node. For example, the RN collectively transmits the attach
request related to at least one attached downstream node to the upstream node. The
method of controlling the transmission timing is arbitrary.  For example,
periodically transmitting the attach request each predetermined time or transmitting
the attach request after waiting a predetermined time from reception of the attach
request from the downstream node can be considered. Thus, the RN can transmit
the attach request related to a plurality of nodes at the same time rather than
transmitting the attach request whenever the node is connected to the downstream
side of the RN. Thus, a communication load of the network is reduced.

[0074]

Hereinafter, a flow of the connection process will be described in detail

assuming the network configuration example illustrated in FIG. 1.
[0075]
(1. 1) Connection process to DeNB by RN which has not acquired IPv6 address

In this section, a connection process to a DeNB by an RN which has not
acquired an IPv6 address will be described. For example, a case where the RN 1
near the DeNB 1 is powered on will be assumed. An example of a connection
process to the DeNB 1 by the RN 1 which has not acquired the IPv6 address in this
case will be described with reference to FIG. 6.

[0076]

FIG. 6 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment. In this
sequence, the RN 1, the DeNB 1, the MME 1, the S-GW 1, and the P-GW 1 are
involved. The RN 1 forms a moving cell.

[0077]

First, the RN 1 establishes a wireless line with the DeNB 1 (step S102).

[0078]

Subsequently, the RN 1 transmits a router solicitation (RS) destined for all
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the outer multicast addresses of a link local (step S104).
[0079]

Subsequently, the DeNB 1 receives the RS and transmits a router
advertisement (RA) destined for an IPv6 address of the link local of the RN 1 (step
S106). The RA includes Pref® pensl Which is a prefix of the IPv6 address allocated
to the downstream interface of the DeNB 1.

[0080]

Subsequently, the RN 1 receives the RA and generates IPURN1 which is an
IPv6 address from PrefDDeNgl and ifidURN1 which is an ID of an upstream interface of
the RN 1 (step S108). IPURN1 is used for the RN 1 to establish a general packet ratio
service (GPRS) tunneling protocol (GTP) tunnel with the DeNB 1.

[0081]

Subsequently, the RN 1 transmits an attach request to the DeNB 1 (step
S110). The attach request includes IDgry; which is an identifier of the RN 1, IPURNI,
and information indicating that the RN 1 is the most upstream RN of the moving cell
(for example, MCTOP Flag=ON).

[0082]

Subsequently, when the attach request is received, the DeNB 1 adds
IPPpenp; Which is an IPv6 address of a downstream interface of the DeNB 1 to the
received attach request and transfers the attach request to the MME 1 (step S112).
[0083]

Subsequently, when the attach request is received, the MME 1 transmits a
create default bearer request to the S-GW 1 (step S114). The create default bearer
request includes IDgni, IPURNI, IPDDCNB 1, and information indicating that the RN1 is
the most upstream RN of the moving cell (for example, MCTOP Flag=ON).

[0084]

Subsequently, when the create default bearer request is received, the S-GW

1 transfers the create default bearer request to the P-GW 1 (step S116)
[0085]
Subsequently, when the create default bearer request is received, the P-GW

1 allocates Pref” ERN1 and ifidUERN1 (step S118). Specifically, the P-GW 1 allocates
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Pref"®gn; which is an IPv6 prefix of /64 from an IPv6 address space which the P-GW
1 has. In addition, the P-GW 1 generates ifidUERN1 which is an interface ID when
the RN 1 operates as a UE. In addition, the P-GW 1 configures a GTP tunnel with
the S-GW 1 and registers a transfer destination of Pref"gn; in the routing table in
association with the GTP tunnel (which is equivalent to the first entry of Table 2A).
Endpoints of the GTP tunnel are IPDpr1 which is an IPv6 address of a downstream
interface of the P-GW1 and IPUSGw1 which is an IPv6 address of an upstream
interface of the S-GW 1.
[0086]

Subsequently, the P-GW 1 transmits a create default bearer response to the
S-GW 1 (step S120). The create default bearer response includes IDgnj, IPDPGWI,
Pref"gu1, ifid""grni, and TPPpexg;.
[0087]

Subsequently, when the create default bearer response is received, the S-GW
1 adds IPDSGWI to the received create default bearer response and transfers the create
default bearer response to the MME 1 (step S122). In addition, the S-GW 1
configures a GTP tunnel with the P-GW 1. Endpoints of the GTP tunnel are
IPYsGwi and IPPpgw;.  Further, the S-GW 1 configures a GTP tunnel with the DeNB
1 and registers a transfer destination of PrerERN1 in the routing table in association
with the GTP tunnel (which is equivalent to the first entry of Table 2B). Endpoints
of the GTP tunnel are IPDSGWI which is an IPv6 address of a downstream interface of
the S-GW 1 and IPYpeng; which is an IPv6 address of an upstream interface of the
DeNB 1.
[0088]

Subsequently, when the create default bearer response is received, the MME
1 registers the RN 1 in the management table of the MME 1 (which is equivalent to
the first entry of Table 3). Subsequently, the MME 1 transmits an attach accept to
the DeNB 1 (step S124). The attach accept includes IDgnj, IPDSGw1, PrefV ERNl, and
ifid""rni.
[0089]

Subsequently, when the attach accept is received, the DeNB 1 transfers the
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attach accept to the RN 1 (step S126). In addition, the DeNB 1 configures a GTP
tunnel with the S-GW 1. Endpoints of the GTP tunnel are IPUDeNgl which is an
IPv6 address of an upstream interface of the DeNB 1 and IPDSGWI which is an IPv6
address of a downstream interface of the S-GW 1. Further, the DeNB 1 configures
a GTP tunnel with the RN 1 and registers the transfer destination of PrerERN1 in the
routing table in association with the GTP tunnel (which is equivalent to the first entry
of Table 2C). Endpoints of the GTP tunnel are IPDDeNBl which is an IPv6 address of
a downstream interface of the DeNB 1 and IPURN1 which is an IPv6 address of an
upstream interface of the RN 1. The RN 1 receives the attach accept to acquire
ifid""rni-

[0090]

As a result of the foregoing process, the GTP tunnels are configured
between the P-GW1 and the S-GW 1, between the S-GW 1 and the DeNB 1, and
between the DeNB 1 and the RN 1.

[0091]

Subsequently, the RN 1 transmits a router solicitation (RS) to the P-GW 1 in
conformity with the regulations of IPv6 in order to acquire IPUERN1 which is an IPv6
address used to operate as a UE (step S128).

[0092]

Subsequently, the P-GW 1 receives the RS and returns a router
advertisement (RA) to the RN 1 (step S130). The RA includes Pref"gy;.
[0093]

Subsequently, the RN 1 receives the RA to acquire PrerERNl. Then, the
RN 1 generates IPUERN1 from the prefix and ifidUERN1 (step S132). Here, IPUERN1 is
an IPv6 address used in a case where an application on the RN 1 performs
communication.

[0094]

Subsequently, the RN 1 performs the DHCP-PD with the P-GW 1 in order
to acquire a prefix of a downstream interface (step S134). Thus, the P-GW1
allocates the prefix PrefDRN1 to the RN 1.

[0095]
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As a result of the DHCP-PD, the RN 1 acquires PrefPkni.  Then, the RN 1
generates an IPv6 address IPDRN1 from PrefDRN1 and ifidDRN1 which is the interface
ID of the downstream interface and allocates IPDRN1 to the downstream interface
(step S136).

[0096]

On the other hand, the P-GW 1 registers a route of PrefDRN1 in the routing
table in association with the tunnel to the S-GW 1 (which is equivalent to the second
entry of Table 2A). Subsequently, the P-GW 1 transmits a route setup to the S-
GWI (step S138). The route setup includes PrerERN1 and Pref® RNI.

[0097]

Subsequently, when the route setup is received, the S-GW 1 registers a route
of PrefDRN1 in the routing table in association with the tunnel to the DeNB 1 (which
is equivalent to the second entry of Table 2B). Subsequently, the S-GW 1 transfers
the route setup to the DeNB 1 (step S140). When the route setup is received, the
DeNB 1 registers the route of Pref’ rN1 10 the routing table in association with the
tunnel to the RN 1 (which is equivalent to the second entry of Table 2C).

[0098]

As a result of the above-described process, the P-GW 1, the S-GW 1, and
the DeNB 1 store the routing tables shown in Tables 2A, 2B, and 2C, respectively.
On the other hand, the MME 1 stores the management table shown in Table 3. The
MME ascertains all the RNs connected to the moving cell with reference to the
management table.

[0099]
(1. 2) Connection process to RN by UE which has not acquired IPv6 address

In this section, a connection process to an RN by a UE which has not
acquired an IPv6 address will be described. For example, a case where the UE 1
near the RN 1 is powered on after the process described in the foregoing section
(1.1.) will be assumed. An example of a connection process to the RN 1 by the UE
1 which has not acquired the IPv6 address in this case will be described with
reference to FIG. 7.

[0100]
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FIG. 7 is a sequence diagram illustrating an example of a flow of the
connection process performed in the system according to the embodiment. In this
sequence, the UE 1, the RN 1, the DeNB 1, and the MME 1 are involved. As
illustrated in FIG. 7, the GTP tunnels are configured between the P-GW 1 and the S-
GW 1, between the S-GW 1 and the DeNB 1, and between the DeNB 1 and the RN 1.
[0101]

First, the UE 1 establishes a wireless line with the RN 1 (step S202).

[0102]

Subsequently, the UE 1 transmits an attach request to the RN 1 (step S204).
The attach request includes IDyg; which is an identifier of the UE 1. The RN 1
generates ifidyg; which is an interface ID of the UE 1 from IDUEI using, for
example, a hash function.

[0103]

Subsequently, the RN 1 transmits the attach accept to the UE 1 (step S206).
The attach accept includes ifidyg;.

[0104]

Subsequently, the UE 1 receives the attach accept and acquires ifidyg;.
Subsequently, the UE 1 transmits the RS to the RN 1 (step S208).

[0105]

Subsequently, when the RS is received, the RN 1 transmits the RA including
Pref®gni to the UE 1 (step S210).

[0106]

Subsequently, the UE 1 receives the RA and generates IPyg; which is an
IPv6 address of the UE 1 from Pref” rn1 and ifidyg; (step S212).

[0107]

Subsequently, the RN 1 waits for a certain time (for example, 1 second) and
collectively transmits the attach requests related to the UEs connected to the
downstream side of the RN 1 to the DeNB 1 (step S214). Thus, the RN 1 can
transmit the attach request related to the plurality of UEs at the same time rather than
transmitting the attach request whenever the UE is connected to the downstream side

of the RN 1. The attach request includes an identifier (for example, IDyg;) of the
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UE connected to the RN 1, an IPv6 address (for example, [Pyg), IPDRNI, and
information indicating connection of the UE to the moving cell (for example, MC
Flag=ON).

[0108]

Subsequently, when the attach request is received, the DeNB 1 transfers the
attach request to the MME 1 (step S216).
[0109]

Subsequently, when the attach request is received, the MME 1 registers
information regarding the UE (for example, the UE 1) connected to the downstream
side of the RN 1 in a mapping table (which is equivalent to the second entry of Table
3) and transmits an attach accept to the DeNB 1 (step S218). The attach accept
includes the identifier (for example, IDyg) of the UE connected to the RN 1.

[0110]

Subsequently, when the attach accept is received, the DeNB 1 transmits the
attach accept to the RN 1 (step S220).
[0111]

As the result of the above-described process, the routing tables stored by the
P-GWI1, the S-GWI1, and the DeNB 1 are not changed. That is, an amount of
information of the routing tables stored by the DeNB, the S-GW, and the P-GW does
not depend on the number of UEs inside the moving cell. On the other hand, the
MME ascertains all the UEs connected to the moving cell with reference to the
management table.

[0112]
(1. 3) Connection process to RN by UE which has acquired IPv6 address

In this section, a connection process to the RN by the UE which has
acquired the IPv6 address will be described. For example, a case where the UE 2
connected to another eNB is moved to a moving cell provided by the RN 1 will be
assumed. More specifically, a case where the UE 2 having an IPv6 address such as
IPyg; is connected to the RN 1 after the process described in the foregoing section (1.
2) will be assumed. Note that IPyg; does not belong to PrefDRNl. An example of a

connection process to the RN 1 by the UE 2 which has acquired the IPv6 address in
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this case, will be described with reference to FIG. 8.
[0113]

FIG. 8 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment. In this
sequence, the UE 2, the RN 1, the DeNB 1, the MME 1, the S-GW 1, and the P-GW
1 are involved. As illustrated in FIG. 8, the GTP tunnels are configured between the
P-GW 1 and the S-GW1, between the S-GW 1 and the DeNB1, and between the
DeNB 1 and the RN1.

[0114]

First, the UE 2 establishes a wireless line with the RN 1 (step S302).
[0115]

Subsequently, the UE 2 transmits an attach request to the RN 1 (step S304).
The attach request includes IDyg, which is an identifier of the UE 2 and I[Pyg;.
When the attach request is received, the RN 1 detects that the UE 2 having the IPv6
address has been moved from another eNB or the RN to the downstream side to the
RN 1 since [Pyg; does not belong to Pref® rNi-  Accordingly, the RN 1 generates an
IPv6 address IP2DRN1 from Prefyg, which is the prefix of IPyg, and ifidDRN1 and
allocates the IPv6 address IP2DRN1 to a downstream interface.

[0116]

Subsequently, the RN 1 transmits an attach accept to the UE 2 (step S306).
The attach accept includes ifidyg, which is the interface ID of IPyg;.

[0117]

Subsequently, the UE 2 receives the attach accept to acquire ifidyg;.
Subsequently, the UE 2 transmits the RS to the RN 1 (step S308).

[0118]

Subsequently, when the RS is received, the RN 1 transmits the RA to the UE
2 (step S310). The RA includes Prefyg, and information indicating connection to a
moving cell (for example, MC Flag=ON).

[0119]
Subsequently, the UE 2 receiving the RA generates [Pyg, from Prefyug, and

1fidUE2 and confirms that IPyg; can be continuously used (step S312).



10

15

20

25

30

28

[0120]

Subsequently, the UE 2 transmits an NAT registration request to the RN 1
(step S314). The NAT registration request includes IPyg; and a list of port numbers
which are currently used for communication (herein, to facilitate the description, the
number of ports during the communication is 1 and Ptlyg; represents the port).
[0121]

Subsequently, when the NAT registration request is received, the RN 1

allocates a new port number pt1’N!

ue2 to Ptlyg; and adds a new entry (the first entry
of Table 5) to the address conversion table of the RN 1. Subsequently, the RN 1
transmits the NAT registration request to the P-GW 1 (step S316). The NAT
registration request includes IPyg,, Ptlugs, IPUERNl, and PthNlUEz.

[0122]

Subsequently, when the NAT registration request is received, the P-GW 1
adds a new entry (the first entry of Table 4) to the address conversion table of the P-
GW 1. Subsequently, the P-GW 1 transmits the NAT registration response to the
RN 1 (step S318).

[0123]

Subsequently, when the NAT registration response is received, the RN 1
transmits the NAT registration response to the UE 2 (step S320).
[0124]

Subsequently, after transmission of the RA, the RN 1 waits for a certain
time (for example, 1 second) and collectively transmits the attach requests related to
the UEs connected to the downstream side of the RN 1 to the DeNB 1 (step S322).
Thus, the RN 1 can transmit the attach request related to the plurality of UEs at the
same time rather than transmitting the attach request whenever the UE is connected
to the downstream side of the RN 1. The attach request includes an identifier (for
example, IDygy) of the UE connected to the RN 1, an IPv6 address (for example,
1Pyg), IPPrni, and information indicating connection to the moving cell (for
example, MC Flag=ON).

[0125]

Subsequently, when the attach request is received, the DeNB 1 transmits a
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path switch request to the MME 1 (step S324). The path switch request includes an
identifier (for example, IDyg,) of the UE connected to the RN 1, an IPv6 address (for
example, IPyg,), IPDRNI, and information indicating connection to a moving cell (for
example, MC Flag=ON).

[0126]

Subsequently, since the UE (for example, the UE 2) already has the IPv6
address connected to the NR 1, the MME 1 already stores an entry related to the UE
in the management table of the MME 1. When the path switch request is received,
the MME 1 updates a field of an upstream node of the entry (for example, the entry
of the UE 2 (the third entry of Table 3)) of the UE connected to the downstream side
of the RN 1 in the management table of the MME 1. Subsequently, the MME 1
transmits a modify bearer request to the S-GW 1 (step S326). The modify bearer
request includes an ID and an IPv6 address (for example, IDug; and [Pyg;) of the UE
connected to the downstream side of the RN 1.

[0127]

Subsequently, when the modify bearer request is received, the S-GW 1
transmits the modify bearer request to the P-GW 1 (step S328).
[0128]

Subsequently, when the modify bearer request is received and when the
GTP tunnel is established with the UE (for example, the UE 2) connected to the
downstream side of the RN 1, the P-GW 1 releases the GTP tunnel. Subsequently,
the P-GW 1 transmits a modify bearer response to the S-GW 1 (step S330). The
modify bearer response includes an identifier (for example, IDygy) of the UE
connected to the downstream side of the RN 1.

[0129]

Subsequently, when the modify bearer response is received, the S-GW 1
transfers the modify bearer response to the MME 1 (step S332).
[0130]

Subsequently, when the modify bearer request is received, the MME 1
transmits a path switch request response (path switch request Ack) to the DeNB 1

(step S334). The path switch request response includes an identifier (for example,
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IDyg») of the UE connected to the downstream side of the RN 1.
[0131]

Subsequently, when the path switch request response is received, the DeNB
1 transmits an attach accept to the RN 1 (step S336). The attach accept includes an
identifier (for example, IDygy) of the UE connected to the downstream side of the
RN 1.

[0132]

As a result of the above-described process, the routing tables stored by the
P-GW 1, the S-GW 1, and the DeNB 1 are not changed. That is, an amount of
information of the routing tables stored by the P-GW, the S-GW, and the DeNB does
not depend on the number of UEs inside the moving cell. On the other hand, when
the UE which has acquired the IPv6 address is connected to the moving cell, the
same number of entries of the address conversion table as the number of ports during
communication in the UE is added to the upstream RN and P-GW. The address
conversion tables stored by the P-GW 1 and the RN 1 are shown in Tables 4 and 5,
respectively. In addition, the MME 1 ascertains all the UEs connected to the
moving cell with reference to the management table.

[0133]
(1. 4) Connection process to moving cell by RN which has not acquired IPv6 address

In this section, a connection process to a moving cell by an RN which has
not acquired an IPv6 address will be described. For example, a case where the RN
2 near the RN 1 is powered on after the process described in the foregoing section
(1.3.) will be assumed. An example of a connection process to a moving cell
provided by the RN 1 by the RN 2 which has not acquired the IPv6 address in this
case will be described with reference to FIG. 9.

[0134]

FIG. 9 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment. In this
sequence, the URN 2, the RN 1, the DeNB 1, the MME 1, and the P-GW 1 are
involved. As illustrated in FIG. 9, the GTP tunnels are configured between the P-
GW 1 and the S-GW1, between the S-GW 1 and the DeNB1, and between the DeNB
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1 and the RN1.
[0135]

First, the RN 2 establishes a wireless line with the RN 1 (step S402).
[0136]

Subsequently, the RN 2 transmits a RS destined for all the outer multicast
addresses of a link local (step S404).
[0137]

Subsequently, when the RS is received, the RN 1 transmits the RA destine
for a link local address of the RN 2 (step S406). The RA includes PrefDRN1 and
information indicating that the RN 1 is inside the moving cell (for example, MC
Flag=ON).

[0138]

Subsequently, when the RA is received, the RN 2 generates IPYrn2 which is
an IPv6 address from Pref® rN1 and ifidURm which is an ID of an upstream interface
of the RN 2 (step S408). As will be described below, IPYgn; is equal to IP"Fry
which is an IPv6 address used by an application on the RN 2.

[0139]

Subsequently, the RN 2 transmits an attach request to the RN 1 (step S410).
The attach request includes IDgrny which is an identifier of the RN 2, IPYrno, and
information indicating that the RN 2 is in a nested state (for example, MCNEST
Flag=ON).

[0140]

Subsequently, when the attach request is received, the RN 1 adds IPDRN1 and
transfers the attach request to the DeNB 1 (step S412).
[0141]

Subsequently, when the attach request is received, the DeNB 1 transfers the
attach request to the MME 1 (step S414).
[0142]

Subsequently, when the attach request is received, the MME 1 registers
information regarding the RN 2 in the management table (which is equivalent to the

fourth entry of Table 3). Then, the MME 1 transmits an attach accept to the DeNB
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1 (step S416). The attach accept includes IDgno.
[0143]

Subsequently, when the attach accept is received, the DeNB 1 transmits the
attach accept to the RN 1 (step S418).
[0144]

Subsequently, when the attach accept is received, the RN 1 transfers the
attach accept to the RN 2 (step S420). The attach accept includes ifidURNz.
[0145]

Subsequently, the RN 2 receives the attach accept to acquire ifidURNz.
Subsequently, the RN 2 transmits the RS to the RN 1 (step S422).

[0146]

Subsequently, when the RS is received, the RN 1 transmits the RA to the
RN 2 (step S424). The RA includes PrefDRm and IPDpr1.

[0147]

Subsequently, when the RA is received, the RN 2 generates IPUERN2 from
PrefPrn; and ifidYgno (step S426). IPY5rno is an IPv6 address used by an
application when the RN 2 operates as a UE.  As a result, IPURN2 is equal to IPUERNZ.
[0148]

Subsequently, the RN 2 performs the DHCP-PD with the P-GW 1 in order
to acquire a prefix of a downstream interface (step S428). At this time, information
indicating that the RN 2 is in the nested state (for example, MCNEST Flag=ON) is
transmitted to the P-GW 1. The P-GW 1 allocates PrefDRN2 as a prefix of a
downstream interface of the RN 2. The routing information is not changed since
the P-GW 1 knows that the RN 2 is in the nested state.

[0149]

As a result of the DHCP-PD, the RN 2 acquires PrefDRNz. Then, the RN 2
generates IPDRNZ from Pref® rn2 and ifidDRNz which is the ID of the downstream
interface and allocates IPDRN2 to a downstream interface (step S430).

[0150]
As a result of the above-described process, the routing tables stored by the

P-GW 1, the S-GW 1, and the DeNB 1 are not changed. That is, an amount of
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information of the routing tables stored by the P-GW, the S-GW, and the DeNB does
not depend on the number of nested RNs connected to the moving cell. On the
other hand, the MME ascertains all the RNs connected to the moving cell with
reference to the management table.

[0151]

(1. 5) Connection process to nested moving cell by UE which has not acquired IPv6
address

In this section, a connection process to a nested moving cell by a UE which
has not acquired an IPv6 address will be described. For example, a case where the
UES3 near the RN 2 is powered on after the process described in the foregoing section
(1.4.) will be assumed. An example of a connection process to a nested moving cell
provided by the RN 2 by the UE 3 which has not acquired the IPv6 address in this
case will be described with reference to FIG. 10.

[0152]

FIG. 10 is a sequence diagram illustrating an example of a flow of the
connection process performed in the system according to the embodiment. In this
sequence, the UE 3, the RN 2, the RN 1, the DeNB 1, and the MME 1 are involved.
As illustrated in FIG. 10, the GTP tunnels are configured between the P-GW 1 and
the S-GW 1, between the S-GW 1 and the DeNB 1, and between the DeNB 1 and the
RN 1.

[0153]

First, the UE 3 establishes a wireless line with the RN 2 (step S502).
[0154]

Subsequently, the UE 3 transmits an attach request to the RN 2 (step S504).
The attach request includes IDyg3 which is an identifier of the UE 3.

[0155]

Subsequently, the RN 2 generates ifidygs from IDyg; using, for example, a
hash function and transmits an attach accept including ifidyg; to the UE 3 (step S506).
[0156]

Subsequently, the UE 3 receives the attach accept to acquire ifidygs.

Subsequently, the UE 3 transmits the RS to the RN 2 (step S508).
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[0157]

Subsequently, when the RS is received, the RN 2 transmits the RA including
Pref®gno to the UE 3 (step S510).

[0158]

Subsequently, the UE 3 receives the RA and generates IPygs which is an
IPv6 address from PrefDRNz and ifidygs (step S512).

[0159]

Subsequently, the RN 2 waits for a certain time (for example, 1 second) and
collectively transmits the attach requests related to the UEs connected to the
downstream side of the RN 2 to the RN 1 (step S514). Thus, the RN 2 can transmit
the attach request related to the plurality of UEs at the same time rather than
transmitting the attach request whenever the UE is connected to the downstream side
of the RN 2. The attach request includes an identifier (for example, IDyg3) of the
UE connected to the RN 2, an IPv6 address (for example, IPyg3), IPDRNZ, and
information indicating connection of the UE to the moving cell (for example, MC
Flag=ON).

[0160]

Subsequently, when the attach request is received, the RN 1 transfers the
attach request to the DeNB 1 (step S516).
[0161]

Subsequently, when the attach request is received, the DeNB 1 transfers the
attach request to the MME 1 (step S518).
[0162]

Subsequently, when the attach request is received, the MME 1 registers
information regarding the UE (for example, the UE 3) connected to the downstream
side of the RN 2 in a management table (which is equivalent to the fifth entry of
Table 3) and transmits an attach accept to the DeNB 1 (step S520). The attach
accept includes the identifier (for example, IDyg3) of the UE connected to the RN 2.
[0163]

Subsequently, when the attach accept is received, the DeNB 1 transmits the

attach accept to the RN 1 (step S522).
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[0164]

Subsequently, when the attach accept is received, the RN 1 transmits the
attach accept to the RN 2 (step S524).
[0165]

As the result of the above-described process, the routing tables stored by the
P-GWI1, the S-GWI1, and the DeNB 1 are not changed. That is, an amount of
information of the routing tables stored by the DeNB, the S-GW, and the P-GW does
not depend on the number of UEs inside the moving cell. On the other hand, the
MME ascertains all the UEs connected to the moving cell with reference to the
management table.

[0166]
(1. 6) Connection process to nested moving cell by UE which has acquired IPv6
address

In this section, a connection process to a nested moving cell by the UE
which has acquired the IPv6 address will be described. For example, a case where
the UE 4 which obtains the IPv6 address IPygs and subordinate to an RN or another
eNB has moved to a nested moving cell provided by the RN 2 after the process
described in the foregoing section (1. 5) will be assumed. An example of a
connection process to the nested moving cell provided by the RN 2 by the UE 4
which has acquired the IPv6 address in this case will be described with reference to
FIG. 11.

[0167]

FIG. 11 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment. In this
sequence, the UE 4, the RN 2, the RN 1, the DeNB 1, the MME 1, the S-GW 1, and
the P-GW 1 are involved. As illustrated in FIG. 11, the GTP tunnels are configured
between the P-GW 1 and the S-GW1, between the S-GW 1 and the DeNB1, and
between the DeNB 1 and the RN1.

[0168]

First, the UE 4 establishes a wireless line with the RN 2 (step S602).

[0169]
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Subsequently, the UE 4 transmits an attach request to the RN 2 (step S604).
The attach request includes IDygs which is an identifier of the UE 4 and IPygs.
When the attach request is received, the RN 2 detects that the UE 4 having the IPv6
address has been moved from another eNB or the RN to the downstream side to the
RN 2 since [Pygs does not belong to Pref” rN2.  Accordingly, the RN 2 generates an
IPv6 address IP2 gy from Prefygs which is the prefix of IPyg; and ifid"gn2 which is
the ID of a downstream interface of itself and allocates the IPv6 address IP2 gn; to
the downstream interface.

[0170]

Subsequently, the RN 2 transmits an attach accept to the UE 2 (step S606).
The attach accept includes ifidygs which is an interface ID of IPygs, IPDRNz, and
information indicating connection to the moving cell (for example, MC flag=ON).
[0171]

Subsequently, the UE 4 receives the attach accept to acquire ifidyga.
Subsequently, the UE 4 transmits the RS to the RN 4 (step S308).

[0172]

Subsequently, when the RS is received, the RN 2 transmits the RA including
Prefygs to the UE 4 (step S610).

[0173]

Subsequently, when the RA is received, the UE 4 generates IPygs from
Prefygs and ifidygs and confirms that IPygs can be continuously used (step S612).
[0174]

Subsequently, the UE 4 recognizes the connection to the moving cell and
transmits an NAT registration request to the RN 2 (step S614). The NAT
registration request includes IPyg4 and a list of port numbers which are currently used
for communication (herein, to facilitate the description, only one port Ptlygs is
assumed to be used during the communication).

[0175]

Subsequently, when the NAT registration request is received, the RN 2

allocates a new port number PthNZUFA to Ptlygs and adds a new entry (the first entry

of Table 6) to the address conversion table of the RN 2. Subsequently, the RN 2
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transmits the NAT registration request to the RN 1 (step S6316). The NAT
registration request includes IPyg4, Pt1ugd, IPUERNZ, and PthNZUE4.
[0176]

Subsequently, when the NAT registration request is received, the RN 1

1RN1UE4 to PthNZUFA and adds a new entry (the second

allocates a new port number Pt
entry of Table 5) to the address conversion table of the RN 1. Subsequently, the RN
1 transmits the NAT registration request to the P-GW 1 (step S618). The NAT
registration request includes IPyg4, Pt1ygd, IPUERNl, and PthNlUE4.

[0177]

Subsequently, when the NAT registration request is received, the P-GW 1
adds a new entry (the second entry of Table 4) to the address conversion table of the
P-GW 1. Subsequently, the P-GW 1 transmits the NAT registration response to the
RN 1 (step S620).

[0178]

Subsequently, when the NAT registration response is received, the RN 1
transmits the NAT registration response to the RN 2 (step S622).
[0179]

Subsequently, when the NAT registration response is received, the RN 2
transmits the NAT registration response to the UE 4 (step S624).
[0180]

Subsequently, after transmission of the RA, the RN 2 waits for a certain
time (for example, 1 second) and collectively transmits the attach requests related to
the UEs connected to the downstream side of the RN 2 to the RN 1 (step S626).
Thus, the RN 2 can transmit the attach request related to the plurality of UEs at the
same time rather than transmitting the attach request whenever the UE is connected
to the downstream side of the RN 2. The attach request includes an identifier (for
example, IDyg4) of the UE connected to the RN 2, an IPv6 address (for example,
1PyE4), IPPrno, and information indicating UE connection to the moving cell (for
example, MC Flag=ON).

[0181]

Subsequently, when the attach request is received, the RN 1 transfers the
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attach request to the DeNB 1 (step S628).
[0182]

Subsequently, when the attach request is received, the DeNB 1 transmits a
path switch request to the MME 1 (step S630). The path switch request includes an
identifier (for example, IDyg4) of the UE connected to the RN 2, an IPv6 address (for
example, IPyg4), IPDRNZ, and information indicating UE connection to a moving cell
(for example, MC Flag=ON).

[0183]

Here, since the UE which has moved to the downstream side of the RN 2
already has the IPv6 address, the MME 1 has already registered information
regarding the UE which has moved in the management table. Accordingly, when
the path switch request is received, the MME 1 changes a field of the upstream node
of the entry (for example, an entry related to the UE 4 (the sixth entry of Table 3)) of
the management table related to the UE connected to the RN 2 to IPDRN2 and
transmits a modify bearer request to the S-GW 1 (step S632). The modify bearer
request includes the identifier (for example, IDyg4) of the UE connected to the RN 2,
the IPv6 address (for example, IPyg4), and the information indicating the connection
of the UE to the moving cell (for example, MC Flag=ON).

[0184]

Subsequently, when the modify bearer request is received, the S-GW 1
transmits the modify bearer request to the P-GW 1 (step S634).
[0185]

Subsequently, when the modify bearer request is received, the P-GW 1
performs a process of releasing the GTP tunnel in a case where the GTP tunnel
related to the UE (for example, the UE 4) connected to the downstream side of the
RN 2 is established. Then, the P-GW 1 transmits a modify bearer response to the S-
GW 1 (step S636). The modify bearer response includes the identifier (for example,
IDyg4) of the UE which has moved to the downstream side of the RN 2.

[0186]
Subsequently, when the modify bearer response is received, the S-GW 1

transfers the modify bearer response to the MME 1 (step S638).
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[0187]

Subsequently, when the modify bearer response is received, the MME 1
transmits a path switch request response to the DeNB 1 (step S640). The path
switch request response includes the identifier (for example, IDyg4) of the UE which
has moved to the downstream side of the RN 2.

[0188]

Subsequently, when the path switch request response is received, the DeNB
1 transmits an attach accept to the RN 1 (step S642). The attach accept includes an
identifier (for example, IDyg4) of the UE moved to the downstream side of the RN 2.
[0189]

Subsequently, when the attach accept is received, the RN 1 transmits the
attach accept to the RN 2 (step S644).

[0190]

As a result of the above-described process, the routing tables stored by the
P-GW 1, the S-GW 1, and the DeNB 1 are not changed. That is, an amount of
information of the routing tables stored by the P-GW, the S-GW, and the DeNB does
not depend on the number of UEs inside the moving cell. On the other hand, when
the UE which has acquired the IPv6 address is connected to the nested moving cell,
the same number of entries of the address conversion table as the number of ports
during communication in the UE is added to the upstream RN and P-GW. In
addition, the MME 1 ascertains all the UEs and RNs connected to the moving cell
with reference to the management table.

[0191]
(1. 7) Connection process to moving cell by RN which has acquired IPv6 address

In this section, a connection process to a moving cell by the RN which has
acquired the IPv6 address will be described. For example, a case where the RN 3
which obtains the [Pv6 address and subordinate to an RN or another eNB has moved
to a moving cell provided by the RN 1 after the process described in the foregoing
section (1. 6) will be assumed. An example of a connection process to the moving
cell provided by the RN 1 by the RN 3 which has acquired the IPv6 address in this

case will be described with reference to FIG. 12.
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[0192]

Note that the RN 3 is assumed to have acquired IPUERN3 which is an IPv6
address used by an application and IPDRN3 which is an IPv6 address of the
downstream interface. In addition, a UE 5 is assumed to be connected to the further
downstream side of the RN 3. The UE 5 is assumed to have IPygs as an IPv6
address. Since the UE 5 has already performed the connection process to the RN 3,
the RN 3ascertains IDygs which is an identifier of the UE 5 and IPygs which is an
[Pv6 address.

[0193]

FIG. 12 is a sequence diagram illustrating an example of a flow of a
connection process performed in the system according to the embodiment. In this
sequence, the RN 3, the RN 1, the DeNB 1, the MME 1, the S-GW 1, and the P-GW
1 are involved. As illustrated in FIG. 12, the GTP tunnels are configured between
the P-GW 1 and the S-GW1, between the S-GW 1 and the DeNB1, and between the
DeNB 1 and the RN1.

[0194]

First, the RN 3 establishes a wireless line with the RN 1 (step S702).
[0195]

Subsequently, the RN 3 transmits a RS destined for all the outer multicast
addresses of a link local (step S704). The RS includes IPUERNg.
[0196]

Subsequently, when the RS is received, the RN 1 recognizes that the RN 3
already has IPUERN3 which is an IPv6 address and transmits the RA including
PrerERN3 which is a prefix of IPUERN3 and information indicating connection to the
moving cell (for example, MC Flag=ON) to the RN 3 (step S706). In addition, the
RN 1 generates IP3DRN1 which is an IPv6 address from PrerERN3 and ifidDRN1 which
is an ID of a downstream interface of the RN 1 and allocates IP3DRN1 to the
downstream interface.

[0197]
Subsequently, the RN 3 receives the RA and generates IPURN3 which is an

IPv6 address from Pref"“qn; and ifid"gyn; which is an ID of an upstream interface of



10

15

20

25

30

41

the RN 3 (step S708).
[0198]

Subsequently, the RN 3 transmits an attach request to the RN 1 (step S710).
The attach request includes IDrn3 which is an identifier of the RN 3 and IPUERNg.
[0199]

Subsequently, when the attach request is received, the RN 1 transmits an
attach accept to the RN 3 (step S712). The attach accept includes ifid"“rn3 which is
an interface ID of IPUERNg.

[0200]

Subsequently, the RN 3 receives the attach accept to acquire ifidUERN3.
Subsequently, the RN 3 transmits the RS to the RN 1 (step S714).

[0201]

Subsequently, when the RS is received, the RN 1 transmits the RA to the
RN 3 (step S716). The RA includes Pref”“gy; which is the prefix of IP"Egys.

[0202]

Subsequently, when the RA is received, the RN 3 generates IPYErns from
PrerERN3 and ifidUERN3 and confirms that IPUERN3 can be continuously used (step
S718).

[0203]

Subsequently, the RN 3 transmits an NAT registration request to the RN 1
(step S720). The NAT registration request includes IPUERNg, a port number (to
facilitate the description, only one port number Ptlgrns is assumed) used for
communication by an application on the RN 3, IPygs and a list of port numbers
which are used for communication by the UE 5 (to facilitate the description, only one
port number Ptlygs is assumed).

[0204]

Subsequently, when the NAT registration request is received, the RN 1
allocates PthNlRm and PthNIUE5 as new port numbers to Ptlrns and Ptlygs and adds
new entries (the third and fourth entries of Table 5) to the address conversion table of
the RN 1. Subsequently, the RN 1 transmits the NAT registration request to the P-
GW 1 (step S722). The NAT registration request includes IPUERNg, Ptlgn3, IPUERNl,
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Pt1"*™ gni, TPugs, Ptlyes, and Pt1™Y ygs.
[0205]

Subsequently, when the NAT registration request is received, the P-GW 1
adds a new entry (the third entry and fourth entry of Table 4) to the address
conversion table of the P-GW 1. Subsequently, the P-GW 1 transmits the NAT
registration response to the RN 1 (step S724).

[0206]

Subsequently, when the NAT registration response is received, the RN 1
transmits the NAT registration response to the RN 3 (step S726).
[0207]

Subsequently, after transmission of the RA, the RN 1 waits for a certain
time (for example, 1 second) and collectively transmits the attach requests related to
the RNs and the UEs in a nested moving cell connected to the downstream side of
the RN 1 to the DeNB 1 (step S728). Thus, the RN 1 can transmit the attach
request related to the plurality of nested moving cells at the same time rather than
transmitting the attach request whenever the nested moving cell is connected to the
downstream side of the RN 1. The attach request includes an identifier (for
example, IDgrn3. IDygs) of the RN and the UE in the nested moving cell connected to
the RN 1, an IPv6 address (for example, IPUERNg, IPugs), IPDRNl, and information
indicating connection to the moving cell (for example, MC Flag=ON).

[0208]

Subsequently, when the attach request is received, the DeNB 1 transfers a
path switch request to the MME 1 (step S730). The path switch request includes an
identifier (for example, IDgrn3, IDygs) of the UE and the RN in the nested moving cell
connected to the RN 1, an IPv6 address (for example, IPUERN3, IPugs), IPDRNI, and
information indicating connection to a moving cell (for example, MC Flag=ON).
[0209]

Here, since the RN and the UE which have moved to the downstream side
of the RN 1 already have the IPv6 addresses, the MME 1 has already registered
information regarding the RN which has moved and the UE connected to the nested

moving cell in the management table. Accordingly, when the path switch request is
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received, the MME 1 updates fields of the upstream nodes of the management table
entries (for example, the fields of the RN 3 and the UE 5 (the seventh and eighth
entries of Table 3)) related to the RN and the UE inside the nested moving cell
connected to the downstream side of the RN 1. Subsequently, the MME 1 transmits
the modify bearer request to the S-GW 1 (step S732). The modify bearer request
includes the identifiers (for example, IDgrn3 and IDygs) of the RN and the UE inside
the nested moving cell connected to the RN 1, the IPv6 addresses (for example,
IPUERN3 and IPygs), and the information indicating the connection to the moving cell
(for example, MC Flag=ON).

[0210]

Subsequently, when the modify bearer request is received, the S-GW 1
transmits the modify bearer request to the P-GW 1 (step S734).
[0211]

Subsequently, when the modify bearer request is received, the P-GW 1
performs a process of releasing the GTP tunnel in a case where the GTP tunnel
related to the RN (for example, the RN 3) connected to the most upstream side of the
nested moving cell connected to the downstream side of the RN 1. Subsequently,
the P-GW 1 transmits a modify bearer response to the S-GW 1 (step S736). The
modify bearer response includes the identifiers (for example, IDrn3 and IDygs) of the
RN and the UE inside the nested moving cell connected to the downstream side of
the RN 1.

[0212]

Subsequently, when the modify bearer response is received, the S-GW 1
transfers the modify bearer response to the MME 1 (step S738).
[0213]

Subsequently, when the modify bearer response is received, the MME 1
transmits a path switch request response to the DeNB 1 (step S740). The path
switch request response includes the identifiers (for example, IDrn3 and [Dygs) of the
RN and the UE inside the nested moving cell connected to the downstream side of
the RN 1.

[0214]
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Subsequently, when the path switch request response is received, the DeNB
1 transmits an attach accept to the RN 1 (step S742). The attach accept includes the
identifiers (for example, IDgrn3 and IDygs) of the RN and the UE inside the nested
moving cell connected to the downstream side of the RN 1.
[0215]

As the result of the above-described process, the routing tables stored by the
P-GW 1, the S-GW 1, and the DeNB 1 are not changed. That is, an amount of
information of the routing tables stored by the P-GW, the S-GW, and the DeNB does
not depend on the numbers of RNs and UEs connected to the moving cell. On the
other hand, when the moving cell which has acquired the address is connected as a
nested moving cell to the moving cell, the same number of ports and the same
number of address conversion table entries during the communication in the
connected nested moving cell are added to the upstream RN and P-GW. In addition,
the MME stores the entries related to all the RNs and the UEs connected to the
moving cell.
[0216]
<3. 2. Communication process>

Hereinafter, technical features related to a communication process in the
system according to the embodiment will be described. Here, the communication
process is a process in which the RN or the UE completing the connection process
communicates with an application on the Internet.
[0217]
- Address conversion

The RN converts and relays transmission destination information or
transmission source information transmitted and received between an upstream node
of a connection destination and a downstream node of a subordinate on the basis of
the stored conversion table. Thus, the RN can aggregate packets destined for the
downstream node of the RN to the RN.
[0218]

More specifically, the RN converts the address information of the

downstream node in the transmission destination information or the transmission
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source information included in a packet header. Note that the transmission source
information includes, for example, a start-point IP address and a start-point port
number and the transmission destination information includes, for example, an
endpoint [P address and an endpoint port number. The RN identifies whether the
packet to be relayed is a packet from an upstream node to a downstream node or a
packet from the downstream node to the upstream node. For example, the packet
can be identified on the basis of the transmission destination information. Then, the
RN controls a relay process on the basis of the identification result.

[0219]

For example, the RN converts transmission source information regarding a
packet to be relayed from a downstream side to an upstream side from address
information of the downstream node to address information of the RN corresponding
to the downstream node. Specifically, the RN converts an IP address of the
transmission source information of the packet from the downstream node to the
upstream node into an IP address of the RN. In addition, the RN converts a port
number of the transmission source information of the packet from the downstream
node to the upstream node into a port number of the RN in accordance with an
application operating a most downstream node (that is, the UE or the RN of the
transmission source endpoint). Thus, a response to the packet transmitted from a
downstream node connected to the RN can arrive at the RN.

[0220]

For example, the RN converts transmission destination information
regarding a packet to be relayed from an upstream side to a downstream side from
address information of the RN corresponding to the downstream node to address
information of the downstream node. Specifically, the RN converts an IP address of
the transmission destination information of the packet from the upstream node to the
downstream node into an IP address of the downstream node. In addition, the RN
converts a port number of the transmission destination information of the packet
from the upstream node to the downstream node into a port number of the
downstream node in accordance with an application operating on a most downstream

node (that is, the UE or the RN of the transmission source endpoint). Thus, the
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packet transmitted from a downstream node connected to the RN can be caused to
arrive at the downstream node.
[0221]

The P-GW converts and relays the transmission destination information or
the transmission source information of a packet to be transmitted and received on the
basis of the stored conversion table. More specifically, the P-GW converts the
transmission destination information of a packet to the UE into address information
of the upstream RN of the UE. In addition, the P-GW converts the transmission
source information of the packet from the UE converted into the address information
of the RN into the address information of the UE. Thus, the P-GW can aggregate
packets transmitted and received by the downstream node connected to the RN to the
RN.

[0222]

Hereinafter, a flow of a communication process will be described in detail
assuming the network configuration example illustrated in FIG. 1.

[0223]
(2. 1) Communication process of UE 1

Hereinafter, a communication process performed after the UE which has not
acquired the IPv6 address is connected to the RN will be described. For example, a
communication process of the UE 1 will be described.

(2. 1. 1) Case where UE 1 starts communication

In this section, a communication process of a case where the UE 1 starts
communication will be described. For example, a case where an application (port
number: Ptlyg;) of the UE 1 starts communicate with an application (IP address:
IPcny and port number: Ptcy) on the Internet after the process described in the
foregoing section (1. 7) will be assumed. Hereinafter, specific description will be
made with reference to FIG. 13.

[0224]

FIG. 13 is a diagram illustrating an example of content of a packet header

transmitted and received by each node for communication by the UE 1 according to

the embodiment. Each packet header includes a start-point IP address srcIP and a
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start-point port number srcPort of a packet and an endpoint IP address dstIP and an
endpoint port number dstPort of the packet. In this drawing, a portion to be
rewritten during the relay is underlined.
[0225]

The UE 1 transmits a packet that has a header illustrated in Fig. 13(a) to the
RN 1. When the packet is received, the RN 1 recognizes communication from a
downstream side to an upstream side. Then, the RN 1 retrieves whether there is an
entry in which a downstream IP address and a downstream port number match a
start-point IP address and a start-point port number of the packet in the address
conversion table (Table 5) stored by the RN 1. Since there is no corresponding
entry at this time point, the RN 1 generates a new port number PtRNIUEl and adds the
new entry (the fifth entry of Table 5) to the address conversion table of the RN 1.
[0226]

The entry means that the start-point IP address and the start-point port

1RN1UE1 in a case where the start-point IP

number are rewritten to IPUERN1 and Pt
address and the start-point port number are IPyg; and Ptlyg; when the RN 1 transmits
a packet from the downstream side to the upstream side. The RN 1 performs
rewriting based on the entry. As a result, the packet header after the RN 1 relays the
packet from the downstream side to the upstream side is content illustrated in Fig.
13(b). The packet arrives at the P-GW 1 through routing control in LTE and further
arrives at an application on the Internet through routing control in the Internet.

[0227]

The application on the Internet receives the packet and the packet header at
the time of responding is content illustrated in Fig. 13(c). The packet arrives at the
P-GW 1 through routing control in the Internet and further arrives at the RN 1
through routing control in LTE. When the packet is received, the RN 1 recognizes
the communication from the upstream side to the downstream side. Then, the RN 1
retrieves whether there is an entry in which an upstream IP address and an upstream
port number match an endpoint IP address and an endpoint port number of the packet

in the address conversion table stored by the RN 1. As a result, the fifth entry of
Table 5 is found.
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[0228]

The entry means that the endpoint IP address and the endpoint port number
are rewritten to IPyg; and Ptlyg; in a case where the endpoint IP address and the
endpoint port number are IPUERN1 and PthNIUEl when the RN 1 transmits a packet
from the upstream side to the downstream side. The RN 1 performs rewriting based
on the entry. As a result, the packet header after the RN 1 relays the packet from
the upstream side to the downstream side is content illustrated in Fig. 13(d). The
packet arrives at an application on the UE 1.

[0229]
(2. 1. 2) Case where UE 1 waits for communication start

In this section, a communication process in a case where the UE 1 waits for
communication start will be described. For example, a case where an application
(port number: Pt2yg;) on the UE 1 waits for communication start from an application
on the Internet after the process described in the foregoing section (2. 1. 1) will be
assumed. Hereinafter, specific description will be made with reference to FIG. 14.
[0230]

FIG. 14 is a diagram illustrating an example of content of a packet header
transmitted and received by each node for communication by the UE 1 according to
the embodiment. Each packet header includes a start-point IP address srcIP and a
start-point port number srcPort of a packet and an endpoint IP address dstIP and an
endpoint port number dstPort of the packet. In this drawing, a portion to be
rewritten during the relay is underlined.

[0231]

The UE 1 transmits an NAT registration request to the RN 1. The NAT

registration request includes [Pyg; and Pt2yg;.  When the NAT registration request

is received, the RN 1 generates a new port number P28

vel and adds the new entry
(the sixth entry of Table 5) to the address conversion table of the RN 1.
[0232]

The entry means that the endpoint IP address and the endpoint port number
are rewritten to IPyg; and Pt2yg; in a case where the endpoint IP address and the

endpoint port number are IPUERN1 and PtZRNIUEl when the RN 1 transmits a packet
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from the upstream side to the downstream side. In addition, the entry means that
the start-point IP address and the start-point port number are rewritten to IPUERN1 and
P2 5| in a case where the start-point IP address and the start-point port number
are [Pyg; and Pt2yg; when the RN 1 transmits a packet from the downstream side to
the upstream side.

[0233]

Subsequently, the RN 1 transmits an NAT registration request to the P-GW 1.
The NAT registration request includes IPUERNI, Pt2RN1UE1, IPyg;, and Pt2yg;.  When
the NAT registration request is received, the P-GW 1 adds a new entry (the fifth entry
of Table 4) to the address conversion table of the P-GW 1.

[0234]

The entry means that the endpoint IP address and the endpoint port number
are rewritten to IPUERN1 and PtZRNIUEl in a case where the endpoint IP address and
the endpoint port number are [Pyg; and Pt2yg; when the P-GW 1 transmits a packet
from the upstream side (that is, the PDN) to the downstream side (that is, the CN).
In addition, the entry means that the start-point IP address and the start-point port
number are rewritten to IPyg; and Pt2yg; in a case where the start-point IP address
and the start-point port number are IPUERN1 and PtZRNIUEl when the P-GW 1
transmits a packet from the downstream side to the upstream side.

[0235]

In a case where an application (IP address: IPcy and port number: Ptey) on
the Internet starts communication with an application (port number: Pt2yg;)
operating on the UE 1, the packet that has header illustrated in FIG. 14(a) is
transmitted. The packet arrives at the P-GW 1 through routing control in the
Internet.

[0236]

The P-GW 1 rewrites the endpoint IP address and the endpoint port number
from IPyg; and Pt2yg; to IPUERN1 and Pt2RN1UE1 in accordance with the fifth entry of
the address conversion table (Table 4) of the P-GW 1. As a result, the packet
header is content illustrated in FIG. 14(b). The packet arrives at the RN 1 through

routing control in LTE.



10

15

20

25

30

50

[0237]

When the packet is received, the RN 1 rewrites the endpoint IP address and
the endpoint port number from IPUERN1 and PtZRNIUEl to IPyg; and Pt2yg; in
accordance with the sixth entry of the address conversion table (Table 5) of the RN 1.
As a result, the packet header is content illustrated in FIG. 14(c). The packet arrives
at the UE 1.

[0238]

When the UE 1 receives a packet and responds, the packet header is content
illustrated in FIG. 14(d). The UE 1 transmits the packet to the RN 1.

[0239]

When the packet is received, the RN 1 rewrites the start-point IP address
and the start-point port number from IPyg; and Pt2yg; to IPUERN1 and PtZRNIUEl in
accordance with the sixth entry of the address conversion table (Table 5) of the RN 1.
As a result, the packet header is content illustrated in FIG. 14(e). The packet arrives
at the P-GW 1 through routing control in LTE.

[0240]

When the packet is received, the P-GW 1 rewrites the start-point IP address
and the start-point port number from IPUERN1 and PtZRNIUEl to IPyg; and Pt2yg; in
accordance with the fifth entry of the address conversion table (Table 4) of the P-GW
1. As a result, the packet header is content illustrated in FIG. 14(f). The packet
arrives at an application on the Internet through routing control in the Internet.

[0241]
(2. 2) Communication process of UE 2

Hereinafter, a communication process performed after the UE which has
acquired the IPv6 address is connected to the RN will be described. For example, a
communication process of the UE 2 will be described.

(2. 2. 1) Case where UE 2 continues communication

In this section, a communication process of a case where the UE 2 continues
the communication will be described. For example, a case where an application
(port number: Ptlygy) on the UE 2 continues the communication with an application

(IPv6 address: IPcy and port number: Ptlcy) on the Internet after the process
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described in the foregoing section (2. 1. 2) will be assumed. Hereinafter, specific
description will be made with reference to FIG. 15.
[0242]

FIG. 15 is a diagram illustrating an example of content of a packet header
transmitted and received by each node for communication by the UE 2 according to
the embodiment. Each packet header includes a start-point IP address srcIP and a
start-point port number srcPort of a packet and an endpoint IP address dstIP and an
endpoint port number dstPort of the packet. In this drawing, a portion to be
rewritten during the relay is underlined.

[0243]

The UE 2 transmits a packet that has a header illustrated in Fig. 15(a) to the
RN 1. When the packet is received, the RN 1 rewrites the start-point IP address and
the start-point port number of the packet from I[Pyg, and Ptlyg; to IPUERN1 and
PthNIUEz in accordance with the first entry of the address conversion table (Table 5)
of the RN 1. As a result, the packet header after the RN 1 relays the packet from
the downstream side to the upstream side is content illustrated in Fig. 15(b). The
packet arrives at the P-GW 1 through routing control in LTE.

[0244]

When the packet is received, the P-GW 1 rewrites the start-point IP address
of the packet and the start-point port number from IPUERN1 and PthNIUE 1 to IPyg; and
Ptlyg; in accordance with the first entry of the address conversion table (Table 4) of
the P-GW 1. As a result, the packet header after the relay of P-GW1 is content
illustrated in FIG. 15(c). The packet arrives at an application on the Internet
through routing control in the Internet.

[0245]

The application on the Internet receives the packet and the packet header at
the time of responding is content illustrated in Fig. 15(d). The packet arrives at the
P-GW 1 through routing control in the Internet.

[0246]
The P-GW 1 rewrites the endpoint IP address and the endpoint port number

of the packet from IPyg; and Ptlyg; to IPUERN1 and PthNIUEz in accordance with the
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first entry of the address conversion table (Table 4) of the P-GW 1. As a result, the
packet header after relay by the P-GW 1 is content illustrated in Fig. 15(e). The
packet arrives at the RN 1 through routing control in LTE.
[0247]

When the packet is received, the RN 1 rewrites the endpoint IP address and

the endpoint port number of the packet from IPUERN1 and P2RN

ug2 to IPyg; and
Pt2yg; in accordance with the first entry of the address conversion table (Table 5) of
the RN 1. As a result, the packet header after the RN 1 relays the packet is content
illustrated in FIG. 15(f). The packet arrives at the UE 2.

[0248]

(2. 2. 2) Case where UE 2 waits for communication start

In this section, a communication process in a case where the UE 2 waits for
communication start will be described. For example, a case where an application
(port number: Pt2yg;) on the RN 2 waits for communication start from an application
on the Internet after the process described in the foregoing section (2. 2. 1) will be
assumed.

[0249]

The communication process in this case is the same as the communication
process in the case where the UE 1 waits for the communication start, as described in
the foregoing section (2. 1. 2). As a result, the seventh entry of Table 5 is added to
the address conversion table stored by the RN 1 and the sixth entry of Table 4 is
added to the address conversion table stored by the P-GW 1.

[0250]
(2. 3) Communication process of RN 2

Hereinafter, a communication process performed after the RN which has not
acquired the IPv6 address is connected to a moving cell provided by another RN will
be described. For example, a communication process of the RN 2 will be described.
[0251]

(2. 3. 1) Case where RN 2 starts communication
In this section, a communication process of a case where the RN 2 starts the

communication will be described. For example, a case where an application (port
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number: Ptlgny) on the RN 2 starts the communication with an application (IPv6
address: [Pcy and port number: Pten) on the Internet after the process described in
the foregoing section (2. 2. 2) will be assumed.

[0252]

The communication process in this case is the same as the communication
process in the case where the UE 1 starts the communication, as described in the
foregoing section (2. 1. 1). As a result, the eighth entry of Table 5 is added to the
address conversion table stored by the RN 1.

[0253]
(2. 3. 2) Case where RN 2 waits for communication start

In this section, a communication process in a case where the RN 2 starts
communication will be described. For example, a case where an application (port
number: Pt2gny) on the RN 2 waits for communication start from an application on
the Internet after the process described in the foregoing section (2. 3. 1) will be
assumed.

[0254]

The communication process in this case is the same as the communication
process in the case where the UE 1 waits for the communication start, as described in
the foregoing section (2. 1. 2).  As a result, the ninth entry of Table 5 is added to the
address conversion table stored by the RN 1 and the seventh entry of Table 4 is added
to the address conversion table stored by the P-GW 1.

[0255]
(2. 4) Communication process of UE 3

Hereinafter, a communication process performed after the UE which has not
acquired the IPv6 address is connected to a nested moving cell will be described.
For example, a communication process of the UE 3 will be described.

[0256]
(2. 4. 1) Case where UE 3 starts communication

In this section, a communication process of a case where the UE 3 starts
communication will be described. For example, a case where an application (port

number: Ptlygs) of the UE 3 starts communicate with an application (IP address:
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IPcny and port number: Ptcy) on the Internet after the process described in the
foregoing section (2.3.2) will be assumed. Hereinafter, specific description will be
made with reference to FIG. 16.

[0257]

FIG. 16 is a diagram illustrating an example of content of a packet header
transmitted and received by each node for communication by the UE 3 according to
the embodiment. Each packet header includes a start-point IP address srcIP and a
start-point port number srcPort of a packet and an endpoint IP address dstIP and an
endpoint port number dstPort of the packet. In this drawing, a portion to be
rewritten during the relay is underlined.

[0258]

The UE 3 transmits a packet that has a header illustrated in Fig. 16(a).
When the packet is received, the RN 2 retrieves whether there is an entry in which a
downstream IP address and a downstream port number match a start-point IP address
and a start-point port number of the packet in the address conversion table (Table 6)
stored by the RN 2.  Since there is no corresponding entry at this time point, the RN

1RN2UE3 and adds the new entry (the second entry of

2 generates a new port number Pt
Table 6) to the address conversion table of the RN 1.
[0259]

The entry means that the start-point IP address and the start-point port
number are rewritten to IPUERN2 and PthNZUEg in a case where the start-point IP
address and the start-point port number are IPyg3 and Ptlygz when the RN 2 transmits
a packet from the downstream side to the upstream side. In addition, the entry
means that the endpoint IP address and the endpoint port number are rewritten to
IPygs and Ptlygs in a case where the endpoint IP address and the endpoint port

1RN2UE3 when the RN 2 transmits a packet from the

number are IPUERN2 and Pt
upstream side to the downstream side.
[0260]

The RN 2 performs rewriting based on the entry. As a result, the packet
header after the RN 2 relays the packet from the downstream side to the upstream

side is content illustrated in Fig. 16(b). The packet arrives at the RN 1.
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[0261]

When the packet is received, the RN 1 retrieves whether there is an entry in
which a downstream IP address and a downstream port number match a start-point IP
address and a start-point port number of the packet in the address conversion table
stored by the RN 1.  Since there is no corresponding entry at this time point, the RN

1 generates a new port number pt1’*N

uves and adds a new entry (the tenth entry of
Table 5) to the address conversion table of the RN 1.
[0262]

The entry means that the start-point IP address and the start-point port
number are rewritten to IPUERN1 and PthNIUE3 in a case where the start-point 1P
address and the start-point port number are IPUERN2 and PthNZUEg when the RN 1
transmits a packet from the downstream side to the upstream side. In addition, the
entry means that the endpoint IP address and the endpoint port number are rewritten
to IPUERN2 and PthNZUEg in a case where the endpoint IP address and the endpoint

port number are IPUERN1 and Pt1™M

ues when the RN 1 transmits a packet from the
upstream side to the downstream side.
[0263]

The RN 1 performs rewriting based on the entry. As a result, the packet
header after the RN 1 relays the packet from the downstream side to the upstream
side is content illustrated in Fig. 16(c). The packet arrives at the P-GW 1 through
routing control in LTE and further arrives at an application on the Internet through
routing control in the Internet.

[0264]

The application on the Internet receives the packet and the packet header at
the time of responding is content illustrated in Fig. 16(d). The packet arrives at the
P-GW 1 through routing control in the Internet and further arrives at the RN 1
through routing control in LTE.

[0265]
The RN 1 rewrites the endpoint IP address and the endpoint port number

from IPUERN1 and PthNlUEg to IPUERN2 and PthNZUE3 in accordance with the tenth

entry of the address conversion table (Table 5) of the RN 1. As a result, the packet
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header after the RN 1 relays the packet from the upstream side to the downstream
side is content illustrated in Fig. 16(e). The packet arrives at the RN 2.
[0266]

When the packet is received, the RN 2 rewrites the endpoint IP address and

lRNZUE3 to IPygs and Ptlygs in

the endpoint port number from IPUERNZ and Pt
accordance with the second entry of the address conversion table (Table 6) of the RN
2. As aresult, the packet header after the RN 2 relays the packet from the upstream
side to the downstream side is content illustrated in Fig. 16(f). The packet arrives at
an application on the UE 3.

[0267]

(2. 4. 2) Case where UE 3 waits for communication start

In this section, a communication process in a case where the UE 3 waits for
communication start will be described. For example, a case where an application
(port number: Pt2yg3) on the UE 3 waits for communication start from an application
on the Internet after the process described in the foregoing section (2. 4. 1) will be
assumed. Hereinafter, specific description will be made with reference to FIG. 17.
[0268]

FIG. 17 is a diagram illustrating an example of content of a packet header
transmitted and received by each node for communication by the UE 3 according to
the embodiment. Each packet header includes a start-point IP address srcIP and a
start-point port number srcPort of a packet and an endpoint IP address dstIP and an
endpoint port number dstPort of the packet. In this drawing, a portion to be
rewritten during the relay is underlined.

[0269]

The UE 3 transmits an NAT registration request to the RN 2. The NAT
registration request includes IPygs and Pt2ygs. When the NAT registration request
is received, the RN 2 generates a new port number Pt2RN2UE3 and adds the new entry
(the third entry of Table 6) to the address conversion table of the RN 1.

[0270]
The entry means that the endpoint IP address and the endpoint port number

are rewritten to [Pygsz and Pt2ygs in a case where the endpoint IP address and the
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endpoint port number are IPUERNZ and Pt2RN2UE3 when the RN 2 transmits a packet
from the upstream side to the downstream side. In addition, the entry means that
the start-point IP address and the start-point port number are rewritten to IPUERN2 and
Pt2"™? 5 in a case where the start-point IP address and the start-point port number
are IPygs and Pt2ygs when the RN 2 transmits a packet from the downstream side to
the upstream side.
[0271]

Subsequently, the RN 2 transfers an NAT registration request to the RN 1.
The NAT registration request includes IPUERNz, Pt2RN2UE3, IPygs, and Pt2ygs.  When
the NAT registration request is received, the RN 1 generates a new port number
P2 g3 and adds a new entry (the eleventh entry of Table 5) to the address
conversion table of the RN 1.
[0272]

The entry means that the endpoint IP address and the endpoint port number

are rewritten to IPURNZ and Pt2RN?

ues in a case where the endpoint IP address and the
endpoint port number are IPUERN1 and PtZRNIUE3 when the RN 1 transmits a packet
from the upstream side to the downstream side. In addition, the entry means that
the start-point IP address and the start-point port number are rewritten to IPUERN1 and
Pt2"N! g3 in a case where the start-point IP address and the start-point port number
are IPURN2 and Pt2RN2UE3 when the RN 1 transmits a packet from the downstream
side to the upstream side.
[0273]

Subsequently, the RN 1 transfers an NAT registration request to the P-GW 1.
The NAT registration request includes IPUERNI, Pt2RN1UE3, IPygs, and Pt2ygs.  When
the NAT registration request is received, the P-GW 1 adds a new entry (the eighth
entry of Table 4) to the address conversion table stored by the P-GW 1.
[0274]

The entry means that the endpoint IP address and the endpoint port number
are rewritten to IPUERN1 and Pt2RN1UE3 in a case where the endpoint IP address and
the endpoint port number are IPygs and Pt2ygs when the P-GW 1 transmits a packet.

In addition, the entry means that the start-point IP address and the start-point port
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number are rewritten to [Pygs and Pt2yg; in a case where the start-point IP address
and the start-point port number are IPUERN1 and Pt2RN1UE3.
[0275]

In a case where an application (IP address: [Pcy and port number: Ptcn) on
the Internet starts communication with an application (port number: Pt2ygs3)
operating on the UE 3, the packet that has header illustrated in FIG. 17(a) is
transmitted. The packet arrives at the P-GW 1 through routing control in the
Internet.

[0276]

The P-GW 1 rewrites the start-point [P address and the start-point port
number from IPyg; and Pt2yg; to IPUERN1 and Pt2RN1UE3 in accordance with the eighth
entry of the address conversion table (Table 4) of the P-GW 1. As a result, the
packet header is content illustrated in FIG. 17(b). The packet arrives at the RN 1
through routing control in LTE.

[0277]

When the packet is received, the RN 1 rewrites the endpoint IP address and

RNI RN2
2 2

the endpoint port number from IPUERN1 and Pt UE3 tO IPUERNZ and Pt UE3 1n
accordance with the 11th entry of the address conversion table (Table 5) of the RN 1.
As a result, the packet header is content illustrated in FIG. 17(c). The packet arrives
at the RN 2.
[0278]

When the packet is received, the RN 2 rewrites the endpoint IP address and

2RN2UE3 to IPygs and Pt2ygs in

the endpoint port number from IPUERNZ and Pt
accordance with the third entry of the address conversion table (Table 6) of the RN 2.
As aresult, the packet header is content illustrated in FIG. 17(d). The packet arrives
at an application on the UE 2.
[0279]

When the UE 3 receives the packet and responds, the packet header is
content illustrated in FIG. 17(e). The packet arrives at the RN 2.
[0280]

When the packet is received, the RN 2 rewrites the start-point IP address
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and the start-point port number from IPyg3z and Pt2ygs to IPUERM and PtZRNZUE3 in
accordance with the third entry of the address conversion table (Table 6) of the RN 2.
As a result, the packet header is content illustrated in FIG. 17(f). The packet arrives
at the RN 1.

[0281]

When the packet is received, the RN 1 rewrites the start-point IP address
and the start-point port number from IPUERM and PtZRNZUE3 to IPUERN1 and PtZRNIUB
in accordance with the 11th entry of the address conversion table (Table 5) of the RN
1. As a result, the packet header is content illustrated in FIG. 17(g). The packet
arrives at the P-GW 1 through routing control in LTE.

[0282]

When the packet is received, the P-GW 1 rewrites the start-point IP address
and the start-point port number from IPUERN3 and PtZRNIUE3 to IPyg3z and Pt2yg; in
accordance with the eighth entry of the address conversion table (Table 4) of the P-
GW 1. As a result, the packet header is content illustrated in FIG. 17(h). The
packet arrives at an application on the Internet through routing control in the Internet.
[0283]

(2. 5) Communication process of UE 4

Hereinafter, a communication process performed after the UE which has
acquired the IPv6 address is connected to the nested moving cell will be described.
For example, a communication process of the UE 4 will be described.

(2. 5. 1) Case where UE 4 continues communication

In this section, a communication process of a case where the UE 4 continues
the communication will be described. For example, a case where an application
(port number: Ptlygs) on the UE 4 continues the communication with an application
(IP address: IPcn and port number: Ptlcy) on the Internet after the process described
in the foregoing section (2. 4. 2) will be assumed. Hereinafter, specific description
will be made with reference to FIG. 18.

[0284]
FIG. 18 is a diagram illustrating an example of content of a packet header

transmitted and received by each node for communication by the UE 4 according to
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the embodiment. Each packet header includes a start-point IP address srcIP and a
start-point port number srcPort of a packet and an endpoint IP address dstIP and an
endpoint port number dstPort of the packet. In this drawing, a portion to be
rewritten during the relay is underlined.
[0285]

The UE 4 transmits a packet that has a header illustrated in Fig. 18(a) to the
RN 1. When the packet is received, the RN 2 rewrites the start-point IP address and
the start-point port number of the packet from IPygs and Ptlygs to IPUERN2 and
PthNZUE4 in accordance with the first entry of the conversion table (Table 6) of the
RN 2. As a result, the packet header after the RN 2 relays the packet from the
downstream side to the upstream side is content illustrated in Fig. 18(b). The
packet arrives at the RN 1.
[0286]

When the packet is received, the RN 1 rewrites the start-point IP address

RN2 UE
1™ “ugs to IP™ "Ry

and the start-point port number of the packet from IPUERN2 and Pt
and Pt1®' g, in accordance with the second entry of the address conversion table
(Table 5) of the RN 1. As a result, the packet header after the RN 1 relays the
packet from the downstream side to the upstream side is content illustrated in FIG.
18(c). The packet arrives at the P-GW 1 through routing control in LTE.

[0287]

When the packet is received, the P-GW 1 rewrites the start-point IP address
of the packet and the start-point port number from IPUERN1 and PthNIUE4 to IPygs and
Ptlygs in accordance with the second entry of the address conversion table (Table 4)
of the P-GW 1. As a result, the packet header after the relay of P-GW1 from the
downstream side to the upstream side is content illustrated in FIG. 18(d). The
packet arrives at an application on the Internet through routing control in the Internet.
[0288]

The application on the Internet receives the packet and the packet header at
the time of responding is content illustrated in Fig. 18(e). The packet arrives at the

P-GW 1 through routing control in the Internet.
[0289]
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When receiving the packet, the P-GW 1 rewrites the endpoint IP address and
the endpoint port number of the packet from IPygs and Ptlygs to IPUERN1 and
PthNIUE4 in accordance with the second entry of the address conversion table (Table
4) of the P-GW 1. As a result, the packet header after relay from the upstream side
to the downstream side by the P-GW 1 is content illustrated in Fig. 18(f). The
packet arrives at the RN 1 through routing control in LTE.

[0290]

When the packet is received, the RN 1 rewrites the endpoint IP address and
the endpoint port number of the packet from IPUERN1 and Pt2RN1UE4 to IPUERN2 and
PthN2UE4 in accordance with the second entry of the address conversion table (Table
5) of the RN 1. As a result, the packet header after the RN 1 relays the packet from
the upstream side to the downstream side is content illustrated in FIG. 15(f). The
packet arrives at the RN 2.

[0291]
When the packet is received, the RN 2 rewrites the endpoint IP address and

1RN2UE4 to IPygs and

the endpoint port number of the packet from IP""gno and Pt
Ptlygs in accordance with the first entry of the address conversion table (Table 6) of
the RN 2. As a result, the packet header after the RN 2 relays the packet from the
upstream side to the downstream side is content illustrated in Fig. 18(h). The
packet arrives at an application on the UE 4.
[0292]
(2. 5. 2) Case where UE 4 waits for communication start

In this section, a communication process in a case where the UE 4 waits for
communication start will be described. For example, a case where an application
(port number: Pt2yg4) on the UE 4 waits for communication start from an application
on the Internet after the process described in the foregoing section (2. 5. 1) will be
assumed.
[0293]

The communication process in this case is the same as the communication

process in the case where the UE 3 waits for the communication start, as described in

the foregoing section (2. 4. 2). As a result, the fourth entry of Table 6 is added to
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the address conversion table stored by the RN 2, the twelfth entry of Table 5 is added
to the address conversion table stored by the RN 1, and the ninth entry of Table 4 is
added to the address conversion table stored by the P-GW 1.

[0294]

(2. 6) Communication process of RN 3

Hereinafter, a communication process performed after the RN which has
acquired the IPv6 address is connected to a moving cell provided by another RN will
be described. For example, a communication process of the RN 3 will be described.
[0295]

(2. 6. 1) Case where RN 3 continues communication

In this section, a communication process of a case where the RN 3 continues
the communication will be described. For example, a case where an application
(port number: Ptlgn3) on the RN 3 continues the communication with an application
(IPv6 address: IPcy and port number: Ptcn) on the Internet after the process
described in the foregoing section (2. 5. 2) will be assumed.

[0296]

The communication process in this case is the same as the communication
process in the case where the UE 2 continues the communication, as described in the
foregoing section (2. 2. 1).

[0297]
(2. 6. 2) Case where RN 3 waits for communication start

In this section, a communication process in a case where the RN 3 waits for
communication start will be described. For example, a case where an application
(port number: Pt2gn3) on the RN 3 waits for communication start from an application
on the Internet after the process described in the foregoing section (2. 6. 1) will be
assumed.

[0298]

The communication process in this case is the same as the communication
process in the case where the UE 1 waits for the communication start, as described in
the foregoing section (2. 1. 2). As a result, the 13th entry of Table 5 is added to the
address conversion table stored by the RN 1 and the tenth entry of Table 4 is added to
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the address conversion table stored by the P-GW 1.
[0299]
(2.7) Communication process of UE 5

Hereinafter, a communication process performed in a case where an RN of a
connection destination of a UE moves to a moving cell provided by another RN will
be described. For example, a communication process of the UE 5 will be described.
(2.7. 1) Case where UES continues communication

In this section, a communication process of a case where the UE 5 continues
the communication will be described. For example, a case where an application
(port number: Ptlgys) on the RN 5 continues the communication with an application
(IPv6 address: IPcy and port number: Ptcn) on the Internet after the process
described in the foregoing section (2. 6. 2) will be assumed.

[0300]

The communication process in this case is the same as the communication
process in the case where the UE 4 continues the communication, as described in the
foregoing section (2. 5. 1).

[0301]
(2. 7. 2) Case where UE 5 waits for communication start

In this section, a communication process in a case where the UE 5 waits for
communication start will be described. For example, a case where an application
(port number: Pt2ygs) on the RN 5 waits for communication start from an application
on the Internet after the process described in the foregoing section (2. 7. 1) will be
assumed.

[0302]

The communication process in this case is the same as the communication
process in the case where the UE 3 waits for the communication start, as described in
the foregoing section (2. 4. 2). As a result, the second entry of Table 7 is added to
the address conversion table stored by the RN 3, the 14th entry of Table 5 is added to
the address conversion table stored by the RN 1, and the 11th entry of Table 4 is
added to the address conversion table stored by the P-GW 1.

[0303]
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<3.3. Handover process>
(3.1) Handover in S-GW

In this section, a process related to handover in the S-GW will be described.
For example, a case of handover of the RN 1 from the DeNB 1 to the DeNB 2 will be
assumed. An example of a handover process when the RN 1 is handed over from
the DeNB 1 to the DeNB 2 in a state in which the UE 1, the RN 2, and the UE 2 are
connected to the downstream side of the RN 1 will be described with reference to
FIG. 19.

[0304]

FIG. 19 is a sequence diagram illustrating an example of a flow of a
handover process performed in the system according to the embodiment. In this
sequence, the RN 1, the DeNB 1, the DeNB 2, the MME 1, the S-GW 1, and the P-
GW 1 are involved. As illustrated in FIG. 19, the GTP tunnels are configured
between the P-GW 1 and the S-GW1, between the S-GW1 and the DeNB1, and
between the DeNB1 and the RN1.

[0305]

First, the DeNB 1 decides handover execution of the RN 1 to the DeNB 2
(step S802).

[0306]

Subsequently, the DeNB 1 transmits a handover request to the DeNB 2 (step
S804). The handover request includes IDgyj.

[0307]

Subsequently, the DeNB 2 transmits a handover request response (handover
request Ack) to the DeNB 1 (step S806). The handover request response includes
IDgni.

[0308]

Next, the RN 1 establishes a wireless line with the DeNB 2 (step S808).
[0309]

Subsequently, the RN 1 transmits a RS destined for all the outer multicast
addresses of a link local (step S810).

[0310]
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Subsequently, the DeNB 2 receives the RS and transmits the RA destined
for a link local address of the RN 1 (step S812). The RA includes Pref® peng2 Which
is a prefix of a downstream interface of the DeNB 2.

[0311]

Subsequently, the RN 1 receives the RA and generates IP2URN1 which is an
IPv6 address from PrefPpeng, and ifid"gn; (step S814). IP2%:y; is used when the
RN 1 establishes the GTP tunnel with the DeNB 2.

[0312]

Subsequently, the RN 1 transmits an attach request to the DeNB 2 (step
S816). The attach request includes IDrn; which is an identifier of the RN 1,
1P g1, and Pref gy
[0313]

Subsequently, when the attach request is received, the DeNB 2 transmits a
path switch request to the MME 1 (step S818). The path switch request includes
IDgn1, IP ka1, Pref rai, and TP penga.

[0314]

Subsequently, when the path switch request is received, the MME 1
transmits a modify bearer request to the S-GW 1 (step S820). The modify bearer
request includes IDgn, IPUERNl, and Pref” RNI.

[0315]

Subsequently, when the modify bearer request is received, the S-GW 1
detects the handover of the RN 1 between the downstream DeNBs of the S-GW 1,
releases the GTP tunnel established between the S-GW 1 and the DeNB 1, and
configures a GTP tunnel between the S-GW 1 and the DeNB 2. Endpoints of the
GTP tunnel are IPPsgw; which is an IPv6 address of a downstream interface of the S-
GW 1 and IPUDeNBZ which is an IPv6 address of an upstream interface of the DeNB 2.
Then, the S-GW 1 associates a transfer destination of PrerERN1 and PrefDRN1 with the
GTP tunnel. Then, the S-GW 1 transmits a modify bearer response to the MME 1
(step S822). The modify bearer response includes IDgni, IPUERNl, and Pref® RNI.
[0316]

Subsequently, when the modify bearer response is received, the MME 1
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updates the management table (where the first entry of Table 8 is an updating target).
Then, the MME 1 transmits a path switch request response to the DENB 2 (step
S824). The path switch request response includes IDgrnj, IPUERNI, and PrefDRNl.
[0317]

Subsequently, when the path switch request response is received, the DeNB
2 configures a GTP tunnel between the DeNB 2 and the S-GW 1. Endpoints of the
GTP tunnel are IPUDeNBz and IPDSGWI. Further, the DeNB 2 configures a GTP
tunnel with the RN 1. Endpoints of the GTP tunnel are IPDDCNBZ which is an IPv6
address of a downstream interface of the DeNB 2 and IPURN1 which is an IPv6
address of an upstream interface of the RN 1. Further, the DeNB 2 associates the
transfer destination of PrerERN1 and PrefDRN1 with the GTP tunnel to the RN 1.
Subsequently, the DeNB 2 transmits an attach accept to the RN 1 (step S826). The
attach accept includes PrerERNl.

[0318]

As a result of the foregoing process, the GTP tunnels are established
between the RN 1 and the DeNB 2 and between the DeNB 2 and the S-GW 1. On
the other hand, the GTP tunnel between the S-GW 1 and the P-GW 1 is maintained.
[0319]

Subsequently, when the attach accept is received, the RN 1 transmits the RS
to the P-GW 1 in order to acquire the IPv6 address when the RN 1 operates as a UE
(step S828).

[0320]

Subsequently, when the RS is received, the P-GW 1 transmits the RA to the
RN 1 (step S830). The RA includes Pref”"gy;.

[0321]

Subsequently, the RN 1 receives the RA and confirms whether IPUERN1 can
be continuously used (step S832).
[0322]

As a result of the above-described process, the S-GW 1 and the DeNB 2
stores routing tables shown in Tables 9A and 9B. In addition, the MME 1 stores a

management table shown in FIG. 8. Note that the routing table and the address
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conversion table stored by the P-GW 1 and the address conversion tables stored by

the RN 1, the RN 2, and the RN 3 are not changed.

[0323]
[Table 8]
Table 8: management table stored by MME 1 after
handover of RN 1 from DeNB 1 to DeNB 2
I D IPv6 address Upstream node
I Dgng 1P “pay pes -
IDU}] IPUEl IPDRNI
IDyee I Pyes I PPani
I Dgrwno LE" s L ey
IDUES IPUEZ} IPDRNZ
II)U]"él IPUE4 IPDRNZ
[ Dgns IPUERNI} IPDRNl
5 I Dygs I Pyzs I PPruys
[0324]
[Table 9A]

Table 9A: routing table stored by S-GW 1 after handover of RN 1 from DeNB 1 to DeNB 2

Endpoint IPv6 address Transfer destination
PrefY"py,y GTPpenpo

D
PrefPgn:

GTPDeNBZ

default

I P pgw,

[0325]
10  [Table 9B]

Table 9B: routing table stored by DeNB 2 after handover of RN 1 from DeNB 1 to DeNB 2

Endpoint IPv6 address Transfer destination
PrefVEpy, GTPgy;

D
PrefPgy:

GTPgrn,

default

I PDSGWI

[0326]

(3.2) Handover between S-GWs
In this section, a process related to handover between the S-GWs will be
15  described. For example, a case of handover of the RN 1 from the DeNB 1 to the
DeNB 3 will be assumed. An example of a handover process when the RN 1 is

handed over from the DeNB 1 to the DeNB 3 in a state in which the UE 1, the RN 2,
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and the UE 2 are connected to the downstream side of the RN 1 will be described
with reference to FIG. 20.
[0327]

FIG. 20 is a sequence diagram illustrating an example of a flow of a
handover process performed in the system according to the embodiment. In this
sequence, the RN 1, the DeNB 1, the DeNB 3, the MME 1, the S-GW 1, the S-GW 2,
and the P-GW 1 are involved. As illustrated in FIG. 20, the GTP tunnels are
configured between the P-GW 1 and the S-GW1, between the S-GW1 and the
DeNBI1, and between the DeNB1 and the RN1.

[0328]

First, the DeNB 1 decides handover execution of the RN 1 to the DeNB 3
(step S902).

[0329]

Subsequently, the DeNB 1 transmits a handover request to the DeNB 3 (step
S904). The handover request includes IDgyj.

[0330]

Subsequently, the DeNB 3 transmits a handover request response (handover
request Ack) to the DeNB 1 (step S906). The handover request response includes
IDgni.

[0331]

Next, the RN 1 establishes a wireless line with the DeNB 3 (step S908).
[0332]

Subsequently, the RN 1 transmits a RS destined for all the outer multicast
addresses of a link local (step S910).

[0333]

Subsequently, the DeNB 3 receives the RS and transmits the RA destined
for a link local address of the RN 1 (step S912). The RA includes Pref® peng3 Which
is a prefix of a downstream interface of the DeNB 3.

[0334]

Subsequently, the RN 1 receives the RA and generates IP3URN1 which is an

IPv6 address from PrefDDeNm and ifidURm (step S914). IPSURN1 is used when the
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RN 1 establishes the GTP tunnel with the DeNB 3.
[0335]

Subsequently, the RN 1 transmits an attach request to the DeNB 3 (step
S916). The attach request includes IDrn; which is an identifier of the RN 1,
1P g1, and Pref gy
[0336]

Subsequently, when the attach request is received, the DeNB 3 transmits a
path switch request to the MME 1 (step S918). The path switch request includes
IDgn1, IPY"rai1, Pref rai, and TP pengo.

[0337]

Subsequently, when the path switch request is received, the MME 1
transmits a modify bearer request to the S-GW 2 (step S920). The modify bearer
request includes IDgny, IPUERNl, and Pref” RNI.

[0338]

Subsequently, when the modify bearer request is received, the S-GW 2
transmits the modify bearer request to the P-GW 1 (step S922).
[0339]

Subsequently, when the modify bearer request is received, the P-GW 1
detects the handover of the RN 1 between the S-GW 1 of the S-GW 2, releases the
GTP tunnel established between the P-GW 1 and the S-GW 1 and the GTP tunnel
established between the S-GW 1 and the DeNB 1, and configures a GTP tunnel
between the P-GW 1 and the S-GW 2. Endpoints of the GTP tunnel are IPPpgwi
which is an IPv6 address of a downstream interface of the P-GW 1 and IPUSGWZ
which is an IPv6 address of an upstream interface of the S-GW 2. Then, the P-GW
1 associates a transfer destination of Pref” ERN1 and PrefDRm with the GTP tunnel.
Then, the P-GW 1 transmits a modify bearer response to the S-GW 2 (step S924).
The modify bearer response includes IDgni, IPUERNI, and Pref® RNI.

[0340]

Subsequently, when the modify bearer response is received, the S-GW 2

configures a GTP tunnel between the P-GW 1 and the S-GW 2. Endpoints of the

GTP tunnel are IPYsgw» which is an IPv6 address of an upstream interface of the S-
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GW 2 and 1P pgw; which is an IPv6 address of a downstream interface of the P-GW
1. Further, the S-GW 2 configures a GTP tunnel with the DeNB 3. Endpoints of
the GTP tunnel are IPDSGW2 which is an IPv6 address of a downstream interface of
the S-GW 2 and IPYpengs which is an IPv6 address of an upstream interface of the
DeNB 3. Further, the S-GW 2 associates the transfer destination of PrerERN1 and
PrefDRN1 with the GTP tunnel to the DeNB 3. Subsequently, the S-GW 2 transmits
the modify bearer response to the MME 1 (step S926). The modify bearer response
includes IDgrn1, IPUERNI, and PrefDRNl.

[0341]

Subsequently, when the modify bearer response is received, the MME 1
updates the management table (where the first entry of Table 10 is an updating target).
Then, the MME 1 transmits a path switch request response to the DENB 3 (step
S928). The path switch request response includes IDgrxj, IPUERNl, and PrefDRNl.
[0342]

Subsequently, when the path switch request response is received, the DeNB
3 configures a GTP tunnel between the DeNB 3 and the S-GW 2. Endpoints of the
GTP tunnel are IPUDeNgg which is an IPv6 address of an upstream interface of the
DeNB 3 and IPDSGW2 which is an IPv6 address of a downstream interface of the S-
GW 2. Further, the DeNB 3 configures a GTP tunnel with the RN 1. Endpoints of
the GTP tunnel are IPDDeNB3 which is an IPv6 address of a downstream interface of
the DeNB 3 and IPURN1 which is an IPv6 address of an upstream interface of the RN
1. Further, the DeNB 3 associates the transfer destination of Pref"Fgy; and PrefPry;
with the GTP tunnel to the RN 1. Subsequently, the DeNB 3 transmits an attach
accept to the RN 1 (step S930). The attach accept includes ifidUERNl.

[0343]

As a result of the foregoing process, the GTP tunnels are established
between the RN 1 and the DeNB 3, between the DeNB 3 and the S-GW 2, and
between the S-GW 2 and the P-GW 1.

[0344]

Subsequently, when the attach accept is received, the RN 1 transmits the RS

to the P-GW 1 in order to acquire the IPv6 address when the RN 1 operates as a UE



10

15

20

71

(step S932).
[0345]

Subsequently, when the RS is received, the P-GW 1 transmits the RA to the
RN 1 (step S934). The RA includes Pref""gy;.

[0346]

Subsequently, the RN 1 receives the RA and confirms whether IPUERN1 can
be continuously used (step S936).
[0347]

As a result of the above-described process, the P-GW 1, the S-GW 2, and
the DeNB 3 stores routing tables shown in Tables 11A, 11B, and 11C. In addition,
the MME 1 stores a management table shown in FIG. 10. Note that the address
conversion table stored by the P-GW 1, the RN 1, and the RN 2 are not changed.
[0348]

[Table 10]
Table 10: management table stored by MME 1 after handover of RN 1 from DeNB 1 to DeNB 3

1D IPv6 address Upstream node

I Dani IPYE g . 1B

I Dyg; 1-Pousi IPDRN]

I Dygoe I Pygs IPDRN]

I Dgno L P ELys LPR s

IDUIZS IPUE3 IPDRNZ

IDygg I Pygg I PPgryo

IDRNB IPUERNZi IPDRN]

II)UES IPUES IPDRNL}

[0349]
[Table 11A]

Table 11A: routing table stored by P-GW 1 after handover of RN 1 from DeNB 1 to DeNB 3

Endpoint IPv6 address Transfer destination
Pref" gy GTPsgwe
PrefPry; GTPscws
default Global Internet

[0350]
[Table 11B]
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Table 11B: routing table stored by S-GW 2 after handover of RN 1 from DeNB 1 to DeNB 3

Endpoint IPv6 address Transfer destination
PrefYF, . GTPp.nss
PrefPgy; GTPpenns
default I P prowy

[0351]
[Table 11C]

Table 11C: routing table stored by DeNB 3 after handover of RN 1 from DeNB 1 to DeNB 3

Endpoint IPv6 address Transfer destination
Pre fVEpy, GTPgn;
PrefDRN1 GTPRNI
default I PPyows

[0352]
<3.4. Management of address conversion table entry>

As shown in the foregoing Tables 4 to 7, the entries of the conversion tables
have timer fields. In the timer fields, a timeout time (for example, 60 seconds) is
set when the entry is generated or accessed. Then, in a case where the timer field of
each entry is subtracted by an elapsed time for each predetermined time (for example,
1 second) and the value becomes 0, the entry may be deleted.

[0353]

In addition, an application which waits for communication start on the UE
or the RN transmits an NAT registration request to an upstream node for each
updating time (for example, 30 seconds) and receives an NAT registration response.
By exchanging the messages, the address conversion table entry for waiting for the
communicating start can be set not to be deleted. A sequence in this case is
illustrated in FIG. 21.

[0354]

FIG. 21 is a sequence diagram illustrating an example of a flow of a process
of maintaining an address conversion table entry performed in the system according
to the embodiment. In this sequence, the UE 1, the RN 1, and the P-GW 1 are
involved. As illustrated in FIG. 21, the UE 1 first transits an NAT registration
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request to the RN 1 (step S1002). Subsequently, the RN 1 transmits the NAT
registration request to the P-GW 1 (step S1004). Subsequently, the P-GW 1
transmits the NAT registration response to the RN 1 (step S1006). Subsequently,
the RN 1 transmits the NAT registration response to the UE 1 (step S1008).

[0355]

For example, after the communication of the foregoing section (2. 1. 2), the
P-GW 1 stores the fifth entry of Table 4 and the RN 1 stores the fifth and sixth
entries of Table 5. When the UE 1 is disconnected from the RN 1 in this state, the
three entries are deleted after the timeout time. In this way, the address conversion
table entry for the UE or the RN disconnected from the moving cell is deleted.

[0356]
<3.5. Modification examples>

The above-described proposed protocol can also be applied to an
architecture in a next-generation network that is not compatible with EPC of existing
3GPP. Such an architecture will be described with reference to FIGS. 22 and 23.
[0357]

FIGS. 22 and 23 are diagrams illustrating an example of an architecture of a
next-generation network. FIG. 22 illustrates an architecture of a bearerless network
that is realized by a so-called pure IP network. In this case, an IP flow is in charge
of a role of the bearer. In this architecture, it is possible to realize IP transmittivity
of the group of UEs connected to the RN without the mechanism such as a mobile IP,
by commonly setting the prefix portions. FIG 23 illustrates an architecture in
which a control plane and a user plane are separated by utilizing a cloud.

[0358]
<3.6. Supplement>

FIG. 24 is a diagram illustrating an example of a protocol stack in an RN
according to the present embodiment. As illustrated in FIG. 12, the RN has an IP
address in the network layer in addition to the IP address in the EPC transport layer.
The RN is referred to as a user-equipment-relay-node (URN) in some cases since the
RN also functions as a UE.

[0359]
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FIG. 25 is a diagram illustrating an example of a protocol stack in
communication between the UE and a server on the PDN through the RN according
to the embodiment. As illustrated in FIG. 25, the RN is connected to the DeNB and
performs communication with an application server on the PDN through an EPC (the
S-GW and the P-GW). In addition, the RN relays wireless communication between
the subordinate UE and the DeNB that is a connection destination.

[0360]
<<4. Use case>>

The aforementioned proposed protocol can be applied to a variety of use

cases.
[0361]
(1) Realization of network service during movement

In a case in which the RN is mounted on a public transportation such as a
bus or a train, for example, theRN can solve discontinuity and the like of access,
which accompany the movement, by providing local content to the UEs of the
passengers from a server that is connected to the RN. In addition, it is possible to
realize moving transmittivity for services from the DeNB to which the RN is
connected or a server connected to an entity on a core network. The server
connected to the RN is effectively used for services that require a short delay time.
In addition, in a case in which a nested virtual cell formed by an RN of a passenger is
connected to the RN mounted on the public transportation, continuity of the nested
virtual cell to the network is continued by only the RN of the passenger performing
connection processing. Since a situation in which all the UEs on board perform
processing of establishing connection to the network is avoided, an improvement in
wireless utilization efficiency is realized.

[0362]
(2) Improvement in wireless utilization efficiency in environment in which UEs are
crowded

In an environment in which the density of the UEs is significantly high,
such as in downtown or during an event, the improvement in the wireless utilization

efficiency is realized, and more UEs can be accommodated by providing the UEs RN
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functions and realizing moving transmittivity of other UEs in the surroundings.
[0363]
(3) Application to security system

It is possible to provide an advanced security system to a moving
environment by a camera being connected to the RN that is mounted on a moving
transportation.  For example, an advanced security system is realized by
accumulating captured images in a server connected to the RN, performing data
analysis thereon, and as needed, performing, by the RN, communication with an
entity in the core network or a calculation resource on the cloud.
[0364]
(4) Realization of dynamic operating service of cognitive wireless system

A cognitive wireless system is a system that provides an access network
utilizing frequencies by utilizing frequency database for managing available
frequencies for the respective areas. For example, it is considered that functions as
an access point (that is, a base station) of the cognitive wireless system are mounted
on the RN. In that case, the RN can specify an available frequency at a current
position from the frequency database by utilizing location information (GPS
information, wireless base station information, or the like) and then provides a virtual
cell by utilizing the frequency. In addition, it also becomes possible to provide a
network access service via the URN 2 or a device-to-device (D2D) communication
service between the UE and the UE or between the RNand the UE.
[0365]
(5) Realization of dynamic operating services by drone

It is possible to provide wireless services to various device groups in a flight
area by mounting functions of the RN providing a virtual cell on a drone. The
drone that functions as the RN will also be referred to as a king drone in the
following description. The king drone may have a function of a cognitive wireless
system and may specify an available frequency in a flying area through
communication with a frequency database. The device groups connected to the
virtual cell may be sensor devices, for example. In regard to agriculture, for

example, a geographical feature sensor, a temperature sensor, a humidity sensor, a
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maturity sensor, and the like may be arranged in a vegetable farm, a king drone may
flow above the farm, and network layer IP addresses may be assigned to the group of
sensor devices. Then, the king drone may acquire sensor information from the
group of sensor devices every time the king drone flies over the area and may relay
the sensor information to a server on a cloud. Also, in regard to areas in which
people gather in limited periods, such as an event site or a swimming beach, a king
drone may fly over the area, assign network layer IP addresses to LTE devices in the
area, and provide services in corporation with applications on the terminals. The
king drone may invalidate (that is, recover) the distributed network layer IP
addresses after end of the period of the event and the like.
[0366]
(6) Realization of in-vehicle sensor system

It is possible to collect sensor information acquired by various sensors (a
road surface sensor, a radar, and the like) for monitoring the inside or the outside of a
vehicle and to accumulate and analyze the sensor information in the vehicle by
mounting the functions of the RN on the vehicle. In addition, the RN may be
connected to the server on a cloud as needed and perform more advanced analysis
processing in corporation with big data and the like. It is possible to feed back the
analysis service to the vehicle, the RN, or the sensor even during the movement of
the vehicle by realizing moving transmittivity of the virtual cell.
[0367]
(7) Realization of long-distance wireless connection service

An increase in coverage is expected by realizing the virtual cells with the
nested structure and through so-called multiple-hop connection (that is, connection of
the virtual cells in series in a row), in which hops of RN-UE are connected in series
in a row.
[0368]
<<5. Application examples>>

The technology of the present disclosure can be applied to various products.
For example, the core network node (such as P-GW, S-GW, MME, or the like) may

be realized as a server of any type such as a tower server, a rack server, a blade server,
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or the like. In addition, at least some of these constituent elements of the core
network node may be implemented by a control module mounted in a server (e.g., an
integrated circuit module configured in one die or a card or a blade inserted into a
slot of a blade server).

[0369]

Further, the DeNB may be realized as any type of evolved node B (eNB),
for example, a macro eNB, a small eNB, or the like. A small eNB may be an eNB
that covers a smaller cell than a macro cell, such as a pico eNB, a micro eNB, or a
home (femto) eNB. Alternatively, the DeNB may be realized as another type of
base station such as a node B or a base transceiver station (BTS). The DeNB may
include a main body that controls wireless communication (also referred to as a base
station device) and one or more remote radio heads (RRHs) disposed in a different
place from the main body. In addition, various types of terminals to be described
below may operate as the DeNB by temporarily or semi-permanently executing the
base station function. Further, at least a part of constituent elements of the DeNB
may be realized in the base station device or a module for the base station device.
[0370]

In addition, the UE and the RN may be realized as, for example, a mobile
terminal such as a smartphone, a tablet personal computer (PC), a notebook PC, a
portable game terminal, a portable/dongle type mobile router, or a digital camera, or
an in-vehicle terminal such as a car navigation device. In addition, the UE and the
RN may be realized as a terminal that performs machine-to-machine (M2M)
communication (also referred to as a machine type communication (MTC) terminal).
Furthermore, at least a part of the constituent elements of the UE and the RN may be
realized in a module mounted in such a terminal (for example, an integrated circuit
module configured in one die).

[0371]
<5.1. Application example with regard to core network node>

FIG. 26 is a block diagram illustrating an example of a schematic

configuration of a server 700 to which the technology of the present disclosure may

be applied. The server 700 includes a processor 701, a memory 702, a storage 703,
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a network interface 704, and a bus 706.
[0372]

The processor 701 may be, for example, a central processing unit (CPU) or
a digital signal processor (DSP) and controls various functions of the server 700.
The memory 702 includes a random access memory (RAM) and a read only memory
(ROM) and stores programs executed by the processor 701 and data. The storage
703 can include a storage medium such as a semiconductor memory or a hard disk.
[0373]

The network interface 704 is a wired communication interface for
connecting the server 700 to a wired communication network 705. The wired
communication network 705 may be a core network such as an evolved packet core
(EPC) or a packet data network (PDN) such as the Internet.

[0374]

The bus 706 connects the processor 701, the memory 702, the storage 703,
and the network interface 704 to each other. The bus 706 may include two or more
buses that operate at different speeds (e.g., a high-speed bus and a low-speed bus).
[0375]

In the server 700 illustrated in FIG. 26, one or more constituent elements
included in the core network node (such as P-GW, S-GW, MME, or the like)
described with reference to FIG. 5 (the control unit 430, for example) may be
implemented by the processor 701. As an example, a program for causing a
processor to function as the one or more constituent elements (i.e., a program for
causing a processor to execute operations of the one or more constituent elements)
may be installed in the server 700 and the processor 701 may execute the program.
As another example, a module including the processor 701 and the memory 702 may
be mounted in the server 700 and the one or more constituent elements may be
implemented by the module. In this case, the module may store a program for
causing a processor to function as the one or more constituent elements in the
memory 702 and the program may be executed by the processor 701. The server
700 or the module may be provided as devices having the above-described one or

more constituent elements as described above, or the program for causing a processor
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to function as the one or more constituent elements may be provided. In addition, a
readable recording medium in which the program is recorded may be provided.
[0376]

In addition, in the server 700 shown in FIG. 26, the network communication
unit 410 described, for example, with reference to FIG. 5 may be implemented by the
network interface 704. Moreover, the storage unit 420 may be implemented by the
memory 702 and/or the storage 703.

[0377]
<5.2. Application example with regard to base station>
(First application example)

FIG. 27 is a block diagram illustrating a first example of a schematic
configuration of an eNB to which the technology of the present disclosure may be
applied. An eNB 800 includes one or more antennas 810 and a base station device
820. Each antenna 810 and the base station device 820 may be connected to each
other via an RF cable.

[0378]

Each of the antennas 810 includes a single or multiple antenna elements
(such as multiple antenna elements included in an MIMO antenna), and is used for
the base station device 820 to transmit and receive radio signals. The eNB 800 may
include the multiple antennas 810, as illustrated in FIG. 27. For example, the
multiple antennas 810 may be compatible with multiple frequency bands used by the
eNB 800. Although FIG. 27 illustrates the example in which the eNB 800 includes
the multiple antennas 810, the eNB 800 may also include a single antenna 810.
[0379]

The base station device 820 includes a controller 821, a memory 822, a
network interface 823, and a wireless communication interface 825.

[0380]

The controller 821 may be, for example, a CPU or a DSP, and operates
various functions of a higher layer of the base station device 820. For example, the
controller 821 generates a data packet from data in signals processed by the wireless

communication interface 825, and transfers the generated packet via the network
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interface 823. The controller 821 may bundle data from multiple base band
processors to generate the bundled packet, and transfer the generated bundled packet.
The controller 821 may have logical functions of performing control such as radio
resource control, radio bearer control, mobility management, admission control, and
scheduling. The control may be performed in corporation with an eNB or a core
network node in the vicinity. The memory 822 includes RAM and ROM, and stores
a program that is executed by the controller 821, and various types of control data
(such as a terminal list, transmission power data, and scheduling data).

[0381]

The network interface 823 is a communication interface for connecting the
base station device 820 to a core network 824. The controller 821 may
communicate with a core network node or another eNB via the network interface 823.
In this case, the eNB 800 may be connected to a core network node or another eNB
through a logical interface (e.g. S1 interface or X2 interface). The network
interface 823 may also be a wired communication interface or a wireless
communication interface for wireless backhaul. If the network interface 823 is a
wireless communication interface, the network interface 823 may use a higher
frequency band for wireless communication than a frequency band used by the
wireless communication interface 825.

[0382]

The wireless communication interface 825 supports any cellular
communication scheme such as Long Term Evolution (LTE) and LTE-Advanced, and
provides radio connection to a terminal positioned in a cell of the eNB 800 via the
antenna 810. The wireless communication interface 825 may typically include, for
example, a baseband (BB) processor 826 and an RF circuit 827. The BB processor
826 may perform, for example, encoding/decoding, modulating/demodulating, and
multiplexing/demultiplexing, and performs various types of signal processing of
layers (such as L1, medium access control (MAC), radio link control (RLC), and a
packet data convergence protocol (PDCP)). The BB processor 826 may have a part
or all of the above-described logical functions instead of the controller 821. The
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a module that includes a processor and a related circuit configured to execute the
program. Updating the program may allow the functions of the BB processor 826
to be changed. The module may be a card or a blade that is inserted into a slot of
the base station device 820. Alternatively, the module may also be a chip that is
mounted on the card or the blade. Meanwhile, the RF circuit 827 may include, for
example, a mixer, a filter, and an amplifier, and transmits and receives radio signals
via the antenna 8§10.

[0383]

The wireless communication interface 825 may include the multiple BB
processors 826, as illustrated in FIG. 27. For example, the multiple BB processors
826 may be compatible with multiple frequency bands used by the eNB 800. The
wireless communication interface 825 may include the multiple RF circuits 827, as
illustrated in FIG. 27. For example, the multiple RF circuits 827 may be compatible
with multiple antenna elements. Although FIG. 27 illustrates the example in which
the wireless communication interface 825 includes the multiple BB processors 826
and the multiple RF circuits 827, the wireless communication interface 825 may also
include a single BB processor 826 or a single RF circuit 827.

[0384]

In the eNB 800 shown in FIG. 27, one or more constituent elements
included in the DeNB (the control unit 350, for example) described with reference to
FIG 4 may be implemented by the wireless communication interface 825.
Alternatively, at least some of these constituent elements may be implemented by the
controller 821. As an example, a module which includes a part (for example, the
BB processor 826) or all of the wireless communication interface 825 and/or the
controller 821 may be mounted in eNB 800, and the one or more constituent
elements may be implemented by the module. In this case, the module may store a
program for causing the processor to function as the one or more constituent
elements (i.e., a program for causing the processor to execute operations of the one
or more constituent elements) and may execute the program. As another example,
the program for causing the processor to function as the one or more constituent
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825 (for example, the BB processor 826) and/or the controller 821 may execute the
program. As described above, the eNB 800, the base station device 820, or the
module may be provided as a device which includes the one or more constituent
elements, and the program for causing the processor to function as the one or more
constituent elements may be provided. In addition, a readable recording medium in
which the program is recorded may be provided.

[0385]

In addition, in the eNB 800 shown in FIG. 27, the wireless communication
unit 320 described with reference to FIG. 4 may be mounted on the wireless
communication interface 825 (for example, the RF circuit 827). In addition, the
antenna unit 310 may be mounted on the antenna 810. In addition, the network
communication unit 330 may be mounted on the controller 821 and/or the network
interface 823. In addition, the storage unit 340 may be mounted on the memory 822.
[0386]

(Second application example)

FIG. 28 is a block diagram illustrating a second example of a schematic
configuration of an eNB to which the technology of the present disclosure may be
applied. An eNB 830 includes one or more antennas 840, a base station device 850,
and an RRH 860. Each antenna 840 and the RRH 860 may be connected to each
other via an RF cable. The base station device 850 and the RRH 860 may be
connected to each other via a high speed line such as an optical fiber cable.

[0387]

Each of the antennas 840 includes a single or multiple antenna elements
(such as multiple antenna elements included in an MIMO antenna), and is used for
the RRH 860 to transmit and receive radio signals. The eNB 830 may include the
multiple antennas 840, as illustrated in FIG. 28. For example, the multiple antennas
840 may be compatible with multiple frequency bands used by the eNB 830.
Although FIG. 28 illustrates the example in which the eNB 830 includes the multiple
antennas 840, the eNB 830 may also include a single antenna 840.

[0388]

The base station device 850 includes a controller 851, a memory 852, a
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network interface 853, a wireless communication interface 855, and a connection
interface 857. The controller 851, the memory 852, and the network interface 853
are the same as the controller 821, the memory 822, and the network interface 823
described with reference to FIG. 27.

[0389]

The wireless communication interface 855 supports any cellular
communication scheme such as LTE and LTE-Advanced, and provides wireless
communication to a terminal positioned in a sector corresponding to the RRH 860
via the RRH 860 and the antenna 840. The wireless communication interface 855
may typically include, for example, a BB processor 856. The BB processor 856 is
the same as the BB processor 826 described with reference to FIG. 27, except the BB
processor 856 is connected to the RF circuit 864 of the RRH 860 via the connection
interface 857. The wireless communication interface 855 may include the multiple
BB processors 856, as illustrated in FIG. 28. For example, the multiple BB
processors 856 may be compatible with multiple frequency bands used by the eNB
830. Although FIG. 28 illustrates the example in which the wireless communication
interface 855 includes the multiple BB processors 856, the wireless communication
interface 855 may also include a single BB processor 856.

[0390]

The connection interface 857 is an interface for connecting the base station
device 850 (wireless communication interface 855) to the RRH 860. The
connection interface 857 may also be a communication module for communication in
the above-described high speed line that connects the base station device 850
(wireless communication interface 855) to the RRH 860.

[0391]

The RRH 860 includes a connection interface 861 and a wireless
communication interface 863.

[0392]

The connection interface 861 is an interface for connecting the RRH 860
(wireless communication interface 863) to the base station device 850. The
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the above-described high speed line.
[0393]

The wireless communication interface 863 transmits and receives radio
signals via the antenna 840. The wireless communication interface 863 may
typically include, for example, the RF circuit 864. The RF circuit 864 may include,
for example, a mixer, a filter, and an amplifier, and transmits and receives radio
signals via the antenna 840. The wireless communication interface 863 may
include multiple RF circuits 864, as illustrated in FIG. 28. For example, the
multiple RF circuits 864 may support multiple antenna elements. Although FIG. 28
illustrates the example in which the wireless communication interface 863 includes
the multiple RF circuits 864, the wireless communication interface 863 may also
include a single RF circuit 864.

[0394]

In the eNB 830 shown in FIG. 28, one or more constituent elements
included in the DeNB (the control unit 350, for example) described with reference to
FIG. 4 may be implemented by the wireless communication interface 855 and/or the
wireless communication interface 863. Alternatively, at least some of these
constituent elements may be implemented by the controller 851. As an example, a
module which includes a part (for example, the BB processor 856) or all of the
wireless communication interface 855 and/or the controller 851 may be mounted in
eNB 830, and the one or more constituent elements may be implemented by the
module. In this case, the module may store a program for causing the processor to
function as the one or more constituent elements (i.e., a program for causing the
processor to execute operations of the one or more constituent elements) and may
execute the program. As another example, the program for causing the processor to
function as the one or more constituent elements may be installed in the eNB 830,
and the wireless communication interface 855 (for example, the BB processor 856)
and/or the controller 851 may execute the program. As described above, the eNB
830, the base station device 850, or the module may be provided as a device which
includes the one or more constituent elements, and the program for causing the
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addition, a readable recording medium in which the program is recorded may be
provided.
[0395]

In addition, in the eNB 800 shown in FIG 28, for example, the wireless
communication unit 320 described with reference to FIG. 4 may be mounted on the
wireless communication interface 863 (for example, the RF circuit 864). In
addition, the antenna unit 310 may be mounted on the antenna 840. In addition, the
network communication unit 330 may be mounted on the controller 851 and/or the
network interface 853. In addition, the storage unit 340 may be mounted on the
memory 852.

[0396]
<5.3. Application example with regard to terminal device>
(First application example)

FIG. 29 is a block diagram illustrating an example of a schematic
configuration of a smartphone 900 to which the technology of the present disclosure
may be applied. The smartphone 900 includes a processor 901, a memory 902, a
storage 903, an external connection interface 904, a camera 906, a sensor 907, a
microphone 908, an input device 909, a display device 910, a speaker 911, a wireless
communication interface 912, one or more antenna switches 915, one or more
antennas 916, a bus 917, a battery 918, and an auxiliary controller 919.

[0397]

The processor 901 may be, for example, a CPU or a system on a chip (SoC),
and controls functions of an application layer and another layer of the smartphone
900. The memory 902 includes RAM and ROM, and stores a program that is
executed by the processor 901, and data. The storage 903 may include a storage
medium such as a semiconductor memory and a hard disk. The external connection
interface 904 is an interface for connecting an external device such as a memory card
and a universal serial bus (USB) device to the smartphone 900.

[0398]
The camera 906 includes an image sensor such as a charge coupled device
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captured image. The sensor 907 may include a group of sensors such as a
measurement sensor, a gyro sensor, a geomagnetic sensor, and an acceleration sensor.
The microphone 908 converts sounds that are input to the smartphone 900 to audio
signals. The input device 909 includes, for example, a touch sensor configured to
detect touch onto a screen of the display device 910, a keypad, a keyboard, a button,
or a switch, and receives an operation or an information input from a user. The
display device 910 includes a screen such as a liquid crystal display (LCD) and an
organic light-emitting diode (OLED) display, and displays an output image of the
smartphone 900. The speaker 911 converts audio signals that are output from the
smartphone 900 to sounds.

[0399]

The wireless communication interface 912 supports any cellular
communication scheme such as LTE and LTE-Advanced, and performs wireless
communication. The wireless communication interface 912 may typically include,
for example, a BB processor 913 and an RF circuit 914. The BB processor 913
may perform, for example, encoding/decoding, modulating/demodulating, and
multiplexing/demultiplexing, and performs various types of signal processing for
wireless communication. Meanwhile, the RF circuit 914 may include, for example,
a mixer, a filter, and an amplifier, and transmits and receives radio signals via the
antenna 916. The wireless communication interface 912 may also be a one chip
module that has the BB processor 913 and the RF circuit 914 integrated thereon.
The wireless communication interface 912 may include the multiple BB processors
913 and the multiple RF circuits 914, as illustrated in FIG. 29. Although FIG. 29
illustrates the example in which the wireless communication interface 912 includes
the multiple BB processors 913 and the multiple RF circuits 914, the wireless
communication interface 912 may also include a single BB processor 913 or a single
RF circuit 914.

[0400]

Furthermore, in addition to a cellular communication scheme, the wireless

communication interface 912 may support another type of wireless communication
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communication scheme, and a wireless local area network (LAN) scheme. In that
case, the wireless communication interface 912 may include the BB processor 913
and the RF circuit 914 for each wireless communication scheme.

[0401]

Each of the antenna switches 915 switches connection destinations of the
antennas 916 among multiple circuits (such as circuits for different wireless
communication schemes) included in the wireless communication interface 912.
[0402]

Each of the antennas 916 includes a single or multiple antenna elements
(such as multiple antenna elements included in an MIMO antenna), and is used for
the wireless communication interface 912 to transmit and receive radio signals. The
smartphone 900 may include the multiple antennas 916, as illustrated in FIG. 29.
Although FIG. 29 illustrates the example in which the smartphone 900 includes the
multiple antennas 916, the smartphone 900 may also include a single antenna 916.
[0403]

Furthermore, the smartphone 900 may include the antenna 916 for each
wireless communication scheme. In that case, the antenna switches 915 may be
omitted from the configuration of the smartphone 900.

[0404]

The bus 917 connects the processor 901, the memory 902, the storage 903,
the external connection interface 904, the camera 906, the sensor 907, the
microphone 908, the input device 909, the display device 910, the speaker 911, the
wireless communication interface 912, and the auxiliary controller 919 to each other.
The battery 918 supplies power to blocks of the smartphone 900 illustrated in FIG. 29
via feeder lines, which are partially shown as dashed lines in the figure. The
auxiliary controller 919 operates a minimum necessary function of the smartphone
900, for example, in a sleep mode.

[0405]

In the smartphone 900 shown in FIG. 29, one or more constituent elements

included in the UE described with reference to FIG. 2 or the RN described with
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by the wireless communication interface 912.  Alternatively, at least some of these
constituent elements may be implemented by the processor 901 or the auxiliary
controller 919. As an example, a module which includes a part (for example, the
BB processor 913) or all of the wireless communication interface 912, the processor
901 and/or the auxiliary controller 919 may be mounted in the smartphone 900, and
the one or more constituent elements may be implemented by the module. In this
case, the module may store a program for causing the processor to function as the
one or more constituent elements (i.e., a program for causing the processor to
execute operations of the one or more constituent elements) and may execute the
program. As another example, the program for causing the processor to function as
the one or more constituent elements may be installed in the smartphone 900, and the
wireless communication interface 912 (for example, the BB processor 913), the
processor 901 and/or the auxiliary controller 919 may execute the program. As
described above, the smartphone 900 or the module may be provided as a device
which includes the one or more constituent elements, and the program for causing
the processor to function as the one or more constituent elements may be provided.
In addition, a readable recording medium in which the program is recorded may be
provided.

[0406]

In addition, in the smartphone 900 shown in FIG 29, the wireless
communication unit 120 or the wireless communication unit 220 described with
reference to FIGS. 2 or 3, for example, may be implemented by the wireless
communication interface 912 (for example, the RF circuit 914). Moreover, the
antenna unit 110 or the antenna unit 210 may be implemented by the antenna 916.
Moreover, the storage unit 130 or the storage unit 230 may be implemented by the
memory 902.

[0407]
(Second application example)

FIG. 30 is a block diagram illustrating an example of a schematic
configuration of a car navigation device 920 to which the technology of the present
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a memory 922, a global positioning system (GPS) module 924, a sensor 925, a data
interface 926, a content player 927, a storage medium interface 928, an input device
929, a display device 930, a speaker 931, a wireless communication interface 933,
one or more antenna switches 936, one or more antennas 937, and a battery 938.
[0408]

The processor 921 may be, for example, a CPU or a SoC, and controls a
navigation function and another function of the car navigation device 920. The
memory 922 includes RAM and ROM, and stores a program that is executed by the
processor 921, and data.

[0409]

The GPS module 924 uses GPS signals received from a GPS satellite to
measure a position (such as latitude, longitude, and altitude) of the car navigation
device 920. The sensor 925 may include a group of sensors such as a gyro sensor, a
geomagnetic sensor, and a barometric sensor. The data interface 926 is connected
to, for example, an in-vehicle network 941 via a terminal that is not shown, and
acquires data generated by the vehicle, such as vehicle speed data.

[0410]

The content player 927 reproduces content stored in a storage medium (such
as a CD and a DVD) that is inserted into the storage medium interface 928. The
input device 929 includes, for example, a touch sensor configured to detect touch
onto a screen of the display device 930, a button, or a switch, and receives an
operation or an information input from a user. The display device 930 includes a
screen such as an LCD or an OLED display, and displays an image of the navigation
function or content that is reproduced. The speaker 931 outputs sounds of the
navigation function or the content that is reproduced.

[0411]

The wireless communication interface 933 supports any cellular
communication scheme such as LET and LTE-Advanced, and performs wireless
communication. The wireless communication interface 933 may typically include,
for example, a BB processor 934 and an RF circuit 935. The BB processor 934
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multiplexing/demultiplexing, and performs various types of signal processing for
wireless communication. Meanwhile, the RF circuit 935 may include, for example,
a mixer, a filter, and an amplifier, and transmits and receives radio signals via the
antenna 937. The wireless communication interface 933 may be a one chip module
having the BB processor 934 and the RF circuit 935 integrated thereon. The
wireless communication interface 933 may include the multiple BB processors 934
and the multiple RF circuits 935, as illustrated in FIG. 30. Although FIG. 30
illustrates the example in which the wireless communication interface 933 includes
the multiple BB processors 934 and the multiple RF circuits 935, the wireless
communication interface 933 may also include a single BB processor 934 or a single
RF circuit 935.

[0412]

Furthermore, in addition to a cellular communication scheme, the wireless
communication interface 933 may support another type of wireless communication
scheme such as a short-distance wireless communication scheme, a near field
communication scheme, and a wireless LAN scheme. In that case, the wireless
communication interface 933 may include the BB processor 934 and the RF circuit
935 for each wireless communication scheme.

[0413]

Each of the antenna switches 936 switches connection destinations of the
antennas 937 among multiple circuits (such as circuits for different wireless
communication schemes) included in the wireless communication interface 933.
[0414]

Each of the antennas 937 includes a single or multiple antenna elements
(such as multiple antenna elements included in an MIMO antenna), and is used for
the wireless communication interface 933 to transmit and receive radio signals. The
car navigation device 920 may include the multiple antennas 937, as illustrated in
FIG. 30. Although FIG. 30 illustrates the example in which the car navigation
device 920 includes the multiple antennas 937, the car navigation device 920 may
also include a single antenna 937.

[0415]
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Furthermore, the car navigation device 920 may include the antenna 937 for
each wireless communication scheme. In that case, the antenna switches 936 may
be omitted from the configuration of the car navigation device 920.

[0416]

The battery 938 supplies power to blocks of the car navigation device 920
illustrated in FIG. 30 via feeder lines that are partially shown as dashed lines in the
figure. The battery 938 accumulates power supplied from the vehicle.

[0417]

In the car navigation device 920 shown in FIG. 30, one or more constituent
elements included in the UE described with reference to FIG. 2 or the RN described
with reference to FIG. 3 (the control unit 140 or the control unit 240) may be
implemented by the wireless communication interface 933. Alternatively, at least
some of these constituent elements may be implemented by the processor 921.  As
an example, a module which includes a part (for example, the BB processor 934) or
all of the wireless communication interface 933 and/or the processor 921 may be
mounted in the car navigation device 920, and the one or more constituent elements
may be implemented by the module. In this case, the module may store a program
for causing the processor to function as the one or more constituent elements (i.e., a
program for causing the processor to execute operations of the one or more
constituent elements) and may execute the program. As another example, the
program for causing the processor to function as the one or more constituent
elements may be installed in the car navigation device 920, and the wireless
communication interface 933 (for example, the BB processor 934) and/or the
processor 921 may execute the program. As described above, the car navigation
device 920 or the module may be provided as a device which includes the one or
more constituent elements, and the program for causing the processor to function as
the one or more constituent elements may be provided. In addition, a readable
recording medium in which the program is recorded may be provided.

[0418]
In addition, in the car navigation device 920 shown in FIG. 30, the wireless
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reference to FIGS. 2 or 3, for example, may be implemented by the wireless
communication interface 933 (for example, the RF circuit 935). Moreover, the
antenna unit 110 or the antenna unit 210 may be implemented by the antenna 937.
Moreover, the storage unit 130 or the storage unit 230 may be implemented by the
memory 922.

[0419]

The technology of the present disclosure may also be realized as an in-
vehicle system (or a vehicle) 940 including one or more blocks of the car navigation
device 920, the in-vehicle network 941, and a vehicle module 942. In other words,
the in-vehicle system (or a vehicle) 940 may be provided as a device which includes
the control unit 140 or the control unit 240. The vehicle module 942 generates
vehicle data such as vehicle speed, engine speed, and trouble information, and
outputs the generated data to the in-vehicle network 941.

[0420]
<<6. Conclusion>>

The embodiment of the present disclosure has been described above in
detail with reference to FIGS. 1 to 30. As described above, an RN stores a
conversion table of address information, and converts and relays transmission
destination information or transmission source information of a packet transmitted
and received between an upstream node of a connection destination and a
downstream node of a subordinate on a basis of the stored conversion table. Thus,
the RN can aggregate packets transmitted and received by a downstream node
connected to the RN to the RN, and thus efficiency of information processing related
to the RN is realized.

[0421]

Hereinafter, an advantageous effect of the proposed protocol will be
described in detail.
[0422]

The RN stores an address conversion table. Thus, an amount of
information of the routing table stored by the DeNB, the S-GW, and the P-GW does
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nodes merely store the first and second entries of Tables 2A, 2B, and 2C. In other
words, the number of UEs or RNs inside the moving cell does not contribute to an
increase in an amount of information managed by the DeNB, the S-GW, and the P-
GW. In an actual use case, since many RNs or UEs which have acquired the IPv6
addresses are assumed to be connected to the moving cell, such a property is
important. In this way, efficiency of information processing related to the RN is
realized.

[0423]

In addition, the fact that the RN stores an address conversion table also
contributes to efficiency of information processing related to handover.
[0424]

For example, when the RN is handed over between DeNBs, only the RN
which has been handed over may perform signaling and signaling of the downstream
UE or RN is unnecessary. Therefore, a signaling traffic at the time of the handover
of the RN does not increase due to the number of UEs or RNs inside the moving cell.
[0425]

Further, since only an RN performs signaling without depending on the
number of UEs connected to the RN at the time of the handover of a moving cell
formed by the RN, it is possible to considerably reduce the signaling of the UEs.
Thus, efficiency of wireless resources and shortening of a delay time until
communication start can be expected. Then, this can support low delay in new
radio network technology (RAT) of the 5G age which will be examined in the future.
[0426]

In addition, it is possible to suppress an amount of information exchanged
between nodes by the DeNB, the S-GW, and the P-GW at the time of handover of an
RN. For example, in a case where the RN 1 is handed over from the DeNB1 to the
DeNB 2, the S-GW 1 transmits routing information to the DeNB 2 in order to update
a routing table of the DeNB 2. The routing information to be transmitted is
constant without depending on the number of UEs or RNs connected to a moving
cell of the RN which is handed over. Specifically, only information regarding the
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of entries of the routing table updated at the time of the handover of the RN can be
suppressed to two at most in each node of the P-GW, the S-GW, and the DeNB.
[0427]

The P-GW stores the address conversion table. Thus, an application
operating on an RN or a UE inside a moving cell can wait for communication start.
[0428]

The RN can make collectively attach requests of UEs or RNs connected to a
moving cell. Thus, it is possible to reduce the number of signaling packets.

[0429]

In addition, the proposed protocol is a protocol suitable for the architecture
of 3GPP. That is, sharing of the functions of the P-GW, the S-GW, the MME, the
eNB, the DeNB, the RN, and the UE is maintained, the interfaces determined
between these nodes are maintained, and message sequences determined between
these nodes are maintained. Then, since tunneling is not used other than tunneling
used in 3GPP in the proposed protocol, overhead of a header does not increase.
[0430]

In addition, a nested moving cell is realized using DHCP-PD. Then, a UE
which has acquired an IPv6 address can continue communication even after
connected to a moving cell.

[0431]

The preferred embodiment(s) of the present disclosure has/have been
described above with reference to the accompanying drawings, whilst the present
disclosure is not limited to the above examples. A person skilled in the art may find
various alterations and modifications within the scope of the appended claims, and it
should be understood that they will naturally come under the technical scope of the
present disclosure.

[0432]

In addition, the processing described by using the flowcharts and the
sequence diagrams in this specification may not be necessarily executed in the orders
described in the drawings. Some processing steps may be executed in parallel. In
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steps may be omitted.
[0433]

Further, the effects described in this specification are merely illustrative or
exemplified effects, and are not limitative. That is, with or in the place of the above
effects, the technology according to the present disclosure may achieve other effects
that are clear to those skilled in the art from the description of this specification.
[0434]

Additionally, the present technology may also be configured as below.

(1)

A relay device including:

a storage unit configured to store a first conversion table of address
information; and

a control unit configured to convert and relay transmission destination
information or transmission source information of a packet transmitted and received
between an upstream node of a connection destination and a downstream node of a
subordinate on a basis of the first conversion table stored in the storage unit.

(2)

The relay device according to (1), in which the control unit converts the
address information of the downstream node among the transmission destination
information and the transmission source information.

3)

The relay device according to (1) or (2), in which the first conversion table
includes information in which address information of the downstream node is
associated with address information of the relay device corresponding to the
downstream node.

4)

The relay device according to (2) or (3), in which the control unit converts
an I[P address of the transmission destination information of a packet from the
upstream node to the downstream node into an IP address of the downstream node.
5)

The relay device according to any one of (2) to (4), in which the control unit
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converts a port number of the transmission destination information of a packet from
the upstream node to the downstream node into a port number of the downstream
node in accordance with an application operating on a most downstream node.

(6)

The relay device according to any one of (2) to (5), in which the control unit
converts an IP address of the transmission source information of a packet from the
downstream node to the upstream node into an IP address of the relay device.

(7)

The relay device according to any one of (2) to (6), in which the control unit
converts a port number of the transmission source information of a packet from the
downstream node to the upstream node into a port number of the relay device in
accordance with an application operating on a most downstream node.

)

The relay device according to any one of (1) to (7), in which the control unit
identifies whether a packet to be relayed is a packet from the upstream node to the
downstream node or a packet from the downstream node to the upstream node.

)

The relay device according to any one of (1) to (8), in which a packet data
network gateway (P-GW) converts the transmission destination information or the
transmission source information of the packet on a basis of a second conversion table
of address information stored by the P-GW.

(10)

The relay device according to (9), in which the second conversion table
includes information in which address information of a most downstream node is
associated with address information of the relay device corresponding to the most
downstream node.

(11)

The relay device according to any one of (9) and (10), in which the control
unit transmits a message requesting registration of the second conversion table to the
P-GW.

(12)
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The relay device according to any one of (1) to (11), in which each node
from a base station to a P-GW stores a routing table in which the transmission
destination information is associated with a transfer destination, and relays the packet
on a basis of the routing table.

(13)

The relay device according to any one of (1) to (12), in which an MME
stores a management table in which identification information and address
information of a node attached to a network are associated with address information
of an upstream node of the node.

(14)

The relay device according to any one of (1) to (13), in which the control
unit receives allocation of a prefix of an IP address from a P-GW in a case where the
IP address is not acquired.

(15)

The relay device according to any one of (1) to (14), in which the control
unit transmits information indicating placement of a moving cell formed by the relay
device.

(16)

The relay device according to any one of (1) to (15), in which the control
unit controls a transmission timing of an attach request related to the attached
downstream node.

(17)

The relay device according to (16), in which the control unit collectively
transmits the attach request related to one or more attached downstream nodes, to the
upstream node.

(18)

A terminal device including:

a control unit configured to transmit a message requesting an upstream node
which converts transmission destination information or transmission source
information of a packet to be relayed, on a basis of a stored first conversion table of

address information, to register the first conversion table.
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(19)

A communication method including:

storing a first conversion table of address information; and

converting and relaying, by a processor, transmission destination
information or transmission source information of a packet transmitted and received
between an upstream node of a connection destination and a downstream node of a
subordinate on a basis of the stored first conversion table.
(20)

A communication method including:

transmitting, by a processor, a message requesting an upstream node which
converts transmission destination information or transmission source information of
a packet to be relayed, on a basis of a stored first conversion table of address

information, to register the first conversion table.

Reference Signs List
[0435]
UE terminal device
RN relay device
eNB, DeNB base station
P-GW, S-GW, MME core network node

110 antenna unit
120 wireless communication unit
130 storage unit
140 control unit
210 antenna unit
220 wireless communication unit

230 storage unit

240 control unit
310 antenna unit
320 wireless communication unit

330 network communication unit



340
350
410
420
430

storage unit
control unit
network communication unit
storage unit

control unit
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CLAIMS

Claim 1

A relay device comprising:

a storage unit configured to store a first conversion table of address
information; and

a control unit configured to convert and relay transmission destination
information or transmission source information of a packet transmitted and received
between an upstream node of a connection destination and a downstream node of a

subordinate on a basis of the first conversion table stored in the storage unit.

Claim 2
The relay device according to claim 1, wherein the control unit converts the
address information of the downstream node among the transmission destination

information and the transmission source information.

Claim 3

The relay device according to claim 1, wherein the first conversion table
includes information in which address information of the downstream node is
associated with address information of the relay device corresponding to the

downstream node.

Claim 4
The relay device according to claim 2, wherein the control unit converts an
IP address of the transmission destination information of a packet from the upstream

node to the downstream node into an IP address of the downstream node.

Claim 5

The relay device according to claim 2, wherein the control unit converts a
port number of the transmission destination information of a packet from the
upstream node to the downstream node into a port number of the downstream node

in accordance with an application operating on a most downstream node.
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Claim 6
The relay device according to claim 2, wherein the control unit converts an
IP address of the transmission source information of a packet from the downstream

node to the upstream node into an IP address of the relay device.

Claim 7

The relay device according to claim 2, wherein the control unit converts a
port number of the transmission source information of a packet from the downstream
node to the upstream node into a port number of the relay device in accordance with

an application operating on a most downstream node.

Claim 8
The relay device according to claim 1, wherein the control unit identifies
whether a packet to be relayed is a packet from the upstream node to the downstream

node or a packet from the downstream node to the upstream node.

Claim 9

The relay device according to claim 1, wherein a packet data network
gateway (P-GW) converts the transmission destination information or the
transmission source information of the packet on a basis of a second conversion table

of address information stored by the P-GW.

Claim 10

The relay device according to claim 9, wherein the second conversion table
includes information in which address information of a most downstream node is
associated with address information of the relay device corresponding to the most

downstream node.

Claim 11

The relay device according to claim 9, wherein the control unit transmits a
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message requesting registration of the second conversion table to the P-GW.

Claim 12

The relay device according to claim 1, wherein each node from a base
station to a P-GW stores a routing table in which the transmission destination
information is associated with a transfer destination, and relays the packet on a basis

of the routing table.

Claim 13

The relay device according to claim 1, wherein an MME stores a
management table in which identification information and address information of a
node attached to a network are associated with address information of an upstream

node of the node.

Claim 14
The relay device according to claim 1, wherein the control unit receives
allocation of a prefix of an IP address from a P-GW in a case where the IP address is

not acquired.

Claim 15
The relay device according to claim 1, wherein the control unit transmits

information indicating placement of a moving cell formed by the relay device.

Claim 16
The relay device according to claim 1, wherein the control unit controls a

transmission timing of an attach request related to the attached downstream node.

Claim 17
The relay device according to claim 16, wherein the control unit collectively
transmits the attach request related to one or more attached downstream nodes, to the

upstream node.
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Claim 18

A terminal device comprising:

a control unit configured to transmit a message requesting an upstream node
which converts transmission destination information or transmission source
information of a packet to be relayed, on a basis of a stored first conversion table of

address information, to register the first conversion table.

Claim 19

A communication method comprising:

storing a first conversion table of address information; and

converting and relaying, by a processor, transmission destination
information or transmission source information of a packet transmitted and received
between an upstream node of a connection destination and a downstream node of a

subordinate on a basis of the stored first conversion table.

Claim 20

A communication method comprising:

transmitting, by a processor, a message requesting an upstream node which
converts transmission destination information or transmission source information of
a packet to be relayed, on a basis of a stored first conversion table of address

information, to register the first conversion table.



