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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are

memb
comm

ers of ISO or IEC participate in the development of International Standards through technical
ittees established by the respective organization to deal with particular fields of technical

activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.
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Them
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In the field of information technology, ISO and IEC have established a joint technical committeg,
CJTC1.

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives;Pdrt 2.

ain task of the joint technical committee is to prepare International Standards. Draft [aternational
hrds adopted by the joint technical committee are circulated to national bodies' for voting.
ation as an International Standard requires approval by at least 75 % of the mational bodies

castinjg a vote.
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eptional circumstances, when the joint technical committee has collected'data of a different kind
hat which is normally published as an International Standard (“state'of'the art”, for example), it
ecide to publish a Technical Report. A Technical Report is entirely informative in nature and shall
ject to review every five years in the same manner as an Internatiorial Standard.

ion is drawn to the possibility that some of the elements oftthis document may be the subject of
rights. ISO shall not be held responsible for identifying asiy or all such patent rights.

C TR 29181-4 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology,
mmittee SC 6, Telecommunications and information,exchange between systems.

C TR 29181 consists of the following parts, under the general title Information technology —
Network — Problem statement and requirements:

— P

rt 1: Overall aspects

— Pqrt 2: Naming and addressing

— Pqrt 3: Switching and routing

— Part 4: Mobility

— Pqrt 5: Security

— Pqrt 6: Media transport

— Part 7: Service'composition
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Introduction

This part of ISO/IEC TR 29181 (Future Network: Problem Statement and Requirements) describes the
problems of the current network and the requirements for Future Network in the mobility perspective.
The general description on the problem statement and requirements for Future Network is given in
ISO/IECTR29181-1.Inaddition,ISO/IECTR 29181-4 establishesthe problem statementand requirements
for Future Network from the viewpoint of architecture and functionality for mobility support.

In general, the mobility issues can be classified into I[ink-Iayer, network-Iayer, and transport/application
layer mobility management. It is noted that the link-layer mobility issues have been addressed.and well
defined in the relevant SDOs, such as 3GPPs, I[EEE 802, etc. The transport/application layer mgbility
issues are also associated with the particular transport/application protocols used bynmobile hodes.
On the other hand, the network layer mobility control issues are quite dependent.on the network
architecture. Accordingly, this part of ISO/IEC TR 29181 will focus on the mobility issues of Future
Network in the network-layer perspective.

This part of ISO/IEC TR 29181 may be applicable to the overall design of Futute Network architegture.

© ISO/IEC 2013 - All rights reserved \%
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TECHNICAL REPORT ISO/IEC TR 29181-4:2013(E)

Information technology — Future Network — Problem
statement and requirements —

Part 4:

Mobility

1 Scope

This partofISO/IEC TR 29181 describes the problem statements of current networkand the require
for Future Network in the mobility perspective. This part of ISO/IEC TR 29181 fiiainly specifies

— problems of the current network in mobile environment, and

— requirements for mobility support in Future Network.

In addition, this part of ISO/IEC TR 29181 gives information on

— existing mobility control schemes in the current network

— examples of high-level mobility control architecture.for Future Network,
— distributed mobility control in the Proxy Mobile {Pv6 networks, and

— additional considerations for Future Network‘mobility.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document a1
indispensable for its application.(For dated references, only the edition cited applies. For ur
references, the latest edition ofthe referenced document (including any amendments) applies.

ISO/IECTR 29181 (all parts)dnformation technology — Future Network— Problem statementand requiré

3 Terms and definitions

For the purposeSiof this document, the following terms and definitions apply.

31

Future{Network

FN

network of the future which is made on clean-slate design approach as well as incremental

ments

nd are
dated

ments

lesign

approach; it should provide futuristic capabilities and services beyond the limitations of the c

irrent

network including the Internet

[SOURCE: ISO/IEC TR 29181-1]
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3.2

Node Identifier

NID

globally unique identifier for a network node or host

[SOURCE: ISO/IEC TR 29181-2]

Note 1 to entry: Identifier (ID) is a generic term that is associated with various types of objects, whereas NID is used
to represent a host in the network. In this part of ISO/IEC TR 29181, the term of ID is used with the meaning of NID.

3.3
Locatpr
LOC

[P address to connection mapping

[SOURCE: ISO/IEC TR 29181-2]

Note 1|to entry: In this part of ISO/IEC TR 29181, LOC is used to represent the location of a‘host in the network,

which fis also used for delivery of data packets in the network.

3.4

Mobiliity

ability for user to communicate or access the services, irrespective of changes of its location

[SOURCE: ITU-T Recommendation Q.1706/Y.2801]

4 Abbreviations

ACK
AR
CN
FN
GILL
GW
HA
HMI
ID
[P
ISP

Acknowledgement

Access Router

Correspondent Node

Future Network

Global Identifier and Locall.ocator
Gateway

Home Agent

Hierarchical MIP

Identifier

Inteérnet Protocol

Internet Services Provider

LMC
LOC
MIP
MN
NID
PMIP

Local Mobility Controller
Locator

Mobile 1P

Mobile Node

Node ID

Proxy Mobile IP
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SCTP Stream Control Transmission Protocol
TCP Transmission Control Protocol

TR Technical Report

UDP User Datagram Protocol

5 General

5.1 Mobile environment in FN

With an explosive growth of the number of subscribers of 3G/4G cellular systems and-also other w
data systems such as WiFi and WiMAX, the mobile networks now become the key. driver towa

reless
rd the

Future Network (FN). The number of people who surf the network on their pliones has doubled since

2006. In near future, there will likely be more mobile and wireless users thaa-wired ones. In ad
a variety of new types of wireless access networks like ad hoc networks.and sensor networ
emerging, and they will be the major access means to FN.

Figure 1 illustrates the network environment, in which the users(or‘things in FN will benefit f
variety of access ways to the network anytime, anywhere, and through any interfaces. In part
it is expected that ‘mobile’ users/things, rather ‘fixed’ ones, will become more dominant in FN.
context, a crucial requirement for FN is to provide seamlessservices for the mobile users/things th
the mobile-oriented FN.

td ‘5
e \\, WiMAX N
S Qe py
. e - Q New
¢ -'I' Accesses '-‘
: Broadcasting Backbone H
N ]
1] \ [
. & Sensor o
\ xDSL .®
14 JFTTx Ad-hoc -
a, ° ',' °

Figure 1 — Network environment in FN

With a recent trend of network convergence, it is expected that the all kinds of networks will be e
or revolved toward a unified network, i.e. ‘mobile-oriented convergence network’ as shown in Fig
inclitding computer or telecommunication networks.

Hition,
KS are

rom a
icular,
n this
rough

rolved
ure 2,
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Figure 2 — Convergence of Internet and telecommunication in FN

ically, the computer networks (i. e., Internet) and the telecommunication networks have been
d until now, with quite different design philosophy and business purposes:From the perspective
convergence trends, however, FN should be designed to make full use-efithe pros of both computer
rks and telecommunication networks.

ition, it is noted that the current cellular system is a very successful model in the wireless/mobile
hs and provides a lot of desirable features to support theniobile environment. Therefore, it is
mended to readily exploit the useful features of cellularvimobile systems in the design of FN
ecture, to the extent possible.

Related works on mobility in FN

It is fgoted that the current network, such as, lnternet, was basically designed for fixed network

envirg
a lot 4
of Mo
netwa
schen
tempd
substz

Based
rathe
envisi
4WAR
mobil

We al
wirelg

nment, rather than for the mobile network environment. This has enforced Internet to add
xtensional features to satisfy the requibements for mobile networks, as shown in the example
bile [P (MIP) that has been made id-the IETF. The examples of mobility schemes for current
rk are described in the Annex A, which include the transport-layer and application-layer mobility
es that have been so far proposedin the IETF. However, this patch-on approach seems to be just a
ral heuristic to the problemstin the mobile environment, rather than an optimization approach to
intially solve the mobile-nelated issues.

on these observations, some activities already started to design the FN for mobile environment
than fixed envirofiment. A typical example is eMobility, which is a FP7 project of EU. eMobility
pns the third geferation Internet as the wireless/mobile Internet with the name of ‘Post-IP.” The
D, another FR7 project for design of FN architecture, is also targeted to effectively support the
e environmelit. The other European projects for mobility include Trilogy.

50 note-a“’lot of Future Internet Design (FIND) projects, which are very closely related with
ss/mebile environments. Especially, the “Mobility First” project is recently proposed as a

candic
rapidl

late approach for FN. Thls proposal is w1th the recogmtlon that the network is changlng very
p= : : : :

mobile devices as ‘first-class’ users and also prov1de a varlety of new appllcatlons efficiently, securely,
and at a large scale. The Global Environment for Network Innovation (GENI), a representative testbed
project for FN, also agrees that wireless/mobile will be the major access means for FN. We note that
some design documents of GENI already covers the issues including ad hoc and sensor networks.

AKAR

lisarepresentative research activity on FN in Japan, which deals with the issues on the separation

of Identifier (ID) and Locator (LOC) and the managed mesh network to support mobile environment.
Especially, the ID-LOC split architecture covers the primary issues in mobile environment such as
mobility and multi-homing, etc. On the other hand, Mobile Oriented Future Internet (MOFI) is a project
of designing the architecture and protocols of FN in Korea.

© ISO/IEC 2013 - All rights reserved
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In the perspective of standardization activities, the ITU-T has so far identified the mobility management
requirements and frameworks for next-generation networks, which include ITU-T Q.1706, Q.1707,
Q.1708, and Q.1709. It is noted that some preliminary works for Future Networks are also in progress in
the ITU-T SG13.

From these observations, we can see that there is a crucial need to design the architecture of FN to more
effectively support the mobile environment.

60 Froblem statement ol current network in mobpile environment

6.1 Overloaded semantics of IP address

In the current IP-based networks, an IP address has overloaded semantics as Identifier(ID) and Lpcator
(LOC). In mobile environment, however, the location of mobile host is likely to cdntinue to chapge by
movement. This means that the static allocation of LOC (IP address) to a host nmmay’become probl¢matic
in mobile networks. In the meantime, ID needs to be kept persistently (withgut change) to maintpin an
on-going sessions against movement of a host. Accordingly, ID and LOC should be separated to support
the mobility in Future Network.

Another critical concernis thatan IP address, as an ID, is allocated toajnetwork interface of a host, frather
the host itself. Accordingly, if a host has multiple interfaces, multiple IP addresses must be allgcated
to a single host. This may give serious inefficiency to a multi-homing host, since the same host has to
use different IDs for communication. Therefore, ID needs to,be’allocated to a host itself rather than its
network interface.

As for the allocation of IP address, it does not make sense to allocate IP address to a mobile host] since
it may continue to move on. Accordingly, in mobile énvironments, it is suggested that an address ¢r LOC
should be allocated to a certain fixed node in thesnétwork, rather than the host itself.

6.2 Single common protocol for hetérogeneous networks

It is expected that future mobile networks will consist of a variety of heterogeneous wireless netyorks.
Such wireless networks are likely tochave quite different characteristics, ranged from managed 1nobile
networks to light-weight senop-networks. On the other hand, the backbone network will be eyolved
to optical network with high ‘bandwidth, which is quite different from wireless access netyorks.
Accordingly, a single common IP protocol and/or addressing scheme of current Internet may not
effectively support the EN with optical backbone and heterogeneous wireless access networks.

6.3 Integration-ef data delivery and control function

In most of curfent Internet protocols, data delivery and control function are integrated and implemented
at the samé.devVices, and the data and control traffics are routed along the same path, as shown in|the IP
and ICMR ‘protocols. However, the control information for signalling is mission-critical and thus|needs
to bedelivered more urgently and reliably, compared to usual data traffics. Thus, the control fupction
needsto be separated from data traffics.

6.4 Centralized mobility control

Most of the current mobility control schemes in IP-based networks are based on a centralized mobility
anchor,suchas Home Agent (HA) of Mobile IP. Thisisbecause the existing mobile networks were originally
designed as a hierarchical architecture to support circuit-based voice traffics. In the centralized control,
however, the routing path through a centralized anchor tends to be longer, which results in non-optimal
routes and performance degradation. Moreover, the centralized approach is vulnerable to a single point
of failure or attack.

Itis noted that an ever-increasing demand of mobile Internet traffics has enforced non-hierarchical or flat
architecture on mobile networks, so as to provide data services more cost-effectively. Accordingly, we
need to consider the distributed mobility control to support a flat architecture of future mobile networks.

© ISO/IEC 2013 - All rights reserved 5
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7 Architectural requirements for mobility support in FN

7.1 Separation of identifier and locator

To avoid the overloaded semantics of IP address, ID should be separated from LOC (IP address). ID is
used to identify a host itself in the network, whereas a LOC is used to represent the current location
of a host in the network. ID is not an IP address, but a persistent ID. ID is given statically, not allocated
dynamically. An IP address is used as LOC (e. g., IP address of an access router that the mobile host is
attachedtoj:

7.2 Bupport of heterogeneous access networks

Futur¢ Network should supporta variety of heterogeneous access networks. To meet this requirernent, the
protogols and/or addressing schemes used for packet delivery may be different between access network
and bgckbone network, and/or between access networks. In particular, the protocols for,detess networks
may bl designed by considering the heterogeneous wireless link characteristics, whereas the protocols
for bagkbone networks may be designed to be as simple as possible by considering the‘optical networks.

7.3 Beparation of mobility control function from user data delivery

In Futpire Network, to deal with mission-critical control information (e.g-fop mobility control) effectively,
it is recommended that the mobility control function should be separated from the user data plane.
In parfticular, the mobility control function will be performed as@ network-based scheme to enhance
deployment, resource utilization and protocol performance.

7.4 Bupport of distributed mobility control

It is expected that the future mobile network will be<gvolved to a flat architecture, not a hierarchical
structure. Accordingly, the Future Network should be designed to provide a distributed mobility
contrgl for flat network architecture. In the disttibuted mobility control, the route optimization can be
intringically supported, and we can reduce unnecessary traffics flowing into the core network. This can
also njitigate the problem of a single point of failure to a local network.

For information, the high-level architecture of mobility control in FN is discussed in the Annex B, and
the uske of Proxy MIP for distributed mobility control is discussed in the Annex C.

8 Functional requirements for mobility support in FN

8.1 [Location management

To support the mability, the Future Network should provide the location management function so as

registfation/update and location query/respons
a serviee-eontroHunetiontoreat/sesstonestab

The location registration and update functions are used to keep track of the current location of a host.
When a host is attached to the network, it may register its current location with the network, possibly
via an appropriate location database. When the host moves into the other network, the corresponding
LOC will be updated. In the location registration and update function, the mapping information between
IDs and LOCs will be managed and updated all the time.

The location query and response functions are used to locate a host for data delivery. The information
of the current location of a host will be identified through the suitable location query and response
operations. It is noted that the location query and response operations may be performed together with
arelevant service control function.

6 © ISO/IEC 2013 - All rights reserved
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8.2 Route optimization

To support the mobility, the Future Network should provide the route optimization function by
the two communicating hosts can exchange the data packets through a shorter path. This can als
performance benefits by reducing packet propagation delays, bandwidth consumption and conge
in the network.

8.3 Handover control

which
o give
stions

To support the mobility in Future Network, the handover control function should be provided, to+
‘session continuity’ for ‘on-going’ sessions of mobile hosts. To provide the seamless mobilityor s
continuity, the handover control functions will be performed to minimize the data loss and hary
latency during handover.

In general, the handover control schemes can be divided by the protocol layer into.the’handover ¢
in the link layer, the handover control in the network layer, and the handover control in the transg
application layer. Each of the handover schemes will be performed using the corresponding sigy
between the entities associated with handover. The handover signalling will\be based on the mov
detection (in the link-layer and/or in the network layer). A different\handover control proto
scheme can be employed, depending on how to use the information orixnovement detection and/c
to perform the handover signalling.

It is noted that the link-layer handover issues have been addtessed and well defined in the re
SDOs, such as 3GPPs, IEEE 802, etc. The transport/application layer handover issues are also asso|
with the particular transport/application protocols uséd by mobile nodes. On the other han
network layer handover control issues are quite dependent on the network architecture. Accor
the mobility issues of FN can be addressed, in particular, in the network-layer perspective.

ealize
pssion
dover

ontrol
ortor
alling
ement
col or
r how

levant
ciated
d, the
lingly,
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Annex A
(informative)

Existing IP-based mobility control protocols

A.1 Network-layer mobility control protocols

A.1.1| Mobile IP

Mobil¢ IP (MIP) is a protocol to support the IP mobility and is specified in the IETF. MIP may be divided
into Mobile IPv4 (MIPv4) and Mobile [Pv6 (MIPv6) per the associated IP version. TheSg two protocols
basicdlly provide similar functionality. Details of MIPv4 and MIPv6 are described indETF RFC 3344 and
RFC 3)75, respectively.

MIPv4 operates between the following entities: Mobile Node (MN), Home Agent (HA), Foreign Agent
(FA) and Correspondent Node (CN). When a MN moves into a new subnet, it registers with the HA with
a Carg-of Address (CoA). The CoA represents an IP address of FA. ThesMN must register its CoA with
the HAA whenever the MN changes its subnet. If the HA receives packéts destined for MN from the CN,
and the MN is roaming in a visited network, the HA intercepts theSe packets and forwards them to the
CoA through the mobile IP tunnel. The FA decapsulates the recéived packets from the HA and delivers
the orfiginal packets to the MN. MIP does not support fast handover for time-critical and loss-sensitive
applicptions. To address this problem, the MIP has been exténded to Fast Handover for MIP (FMIP) and
Hierafgchical MIP (HMIP).

In HMIP, the access networks are organized hierarchically. Gateway Foreign Agents (GFAs) of MIPv4,
or Mopility Anchor Points (MAPs) in MIPv6, are-ré€sponsible for mobility management of mobile nodes
within the local domain. Therefore, the movement of mobile modes within the local domain will be
hidden from the HA and CN in the other networks, and thus the registration latency and signalling
overhgad can be decreased considerably.-The HMIP architecture for MIPv4 is also known as ‘regional
registfation’.

In FM|P, the MIP registration procedures can start only after the link layer handover is complete. It is
noted|that, if appropriate information could be obtained from the lower-layer (before the link layer
handgver is completed), the MIP handover latency could be reduced. This is the main concept of the
FMIP ppproach. In addition, a‘bidirectional tunnel between access routers can be used to support low
loss and low latency handover.

A.1.2| Proxy Maobile IP

MIPv@ requires.client functionality in the IPv6 stack of a MN. Exchange of signalling messages between
MN arld HA-enables the creation and maintenance of a binding between the MN’s home address and its
care-df address. MIP requires the IP host to send IP mobility management signalling messages to the HA,
whichlisJocated in the network.

PMIP is a network-based mobility, which is another approach to solving the IP mobility challenge. It is
possible to support mobility for [Pv6 nodes without host involvement by extending MIPv6 signalling
messages between a network node and a home agent. This approach to supporting mobility does not
require the MN to be involved in the exchange of signalling messages between itself and the HA. A
proxy mobility agent in the network performs the signalling with the home agent and does the mobility
management on behalf of the MN attached to the network.

Network deployments that are designed to support mobility would be agnostic to the capability in the IPv6
stack of the nodes. IP mobility for nodes that have mobile IP client functionality in the IPv6 stack as well
as those nodes that do not would be supported by enabling PMIPv6 protocol functionality in the network.

8 © ISO/IEC 2013 - All rights reserved
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A.1.3 Hierarchical Mobile IP

To support mobility to mobile devices that are contently moving, the mobile device will need to send
signalling messages to the network to maintain reachability. If the mobile device is further away from
the home network, many problems will occur such as increase number of messages in the core network,
increase of message exchange between the external networks, relatively long propagation delay for
handover processing, and disruption to the active connection during handover which may result in data
loss. As the number of mobile devices increase, the network will be overflown with control messages
rather than user data jtself. Thus, it is important to decrease the number of mobility signalling and

reduce the delays during the time-critical handover period.

The Hierarchical Mobile [P (HMIP) can be used to reduce the mobility signalling overhead, whidh was
proposed in the IETF RFC 5380. In HMIP, a new network agent, called the Mobility Anchor-Point (MAP)
is used as a local home agent to the mobile node in the localized network.

Figure A.1 shows an overview of Hierarchical Mobile [Pv6. The MAP acts as the ahchor point of a nobile
node to Home Agent and Correspondent Node. When the mobile node is attached'to a new domain|, (e. g.,
domain Cin Figure A.1), the mobile node will register its location with the MAPfand then MAP will ypdate
the location of mobile node to the Home Agent and Correspondent Node. However, when the mobil¢ node
moves around within the same domain, the MAP does not need to furthér update the location of obile
node to the Home Agent and Correspondent Node. By this, the signalling overhead associated with the
location update between MAP and Home Agent or Correspondent:!Node can be reduced.

Correspondent Node

DomainB

7S

Home Agent

Mobile Node Mobile Node

Figure A.1 — Overview of Hierarchical Mobile IP

A’2" SCTP for transport-layer handover support

A.2.1 Overview

The Stream Control Transmission Protocol (SCTP), as defined in the IETF RFC 4960, is the third transport
layer protocol next to TCP and UDP. SCTP is featured multi-streaming and multi-homing, differently
from TCP. It is noted that the multi-homing feature of SCTP enables the SCTP to support the IP mobility
in the transport layer.

More specifically, the SCTP with the dynamic ‘Address Configuration (ASCONF)’ extension, which is
called ‘mobile SCTP (mSCTP)’, can be used to provide seamless handover for mobile hosts that are
moving into different IP network regions during the active session. The mSCTP may be used as an
alternative scheme against the handover schemes based on Mobile IP. Differently from the Mobile IP-

© ISO/IEC 2013 - All rights reserved 9
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based handover schemes, which rely on the support of network routers for tunnelling between access
routers, the mobile SCTP provides the handover control at the transport layer without help of routers.

The mSCTP can be used to provide seamless handover for mobile hosts that are moving in to different
IP networks. In other words, the mSCTP is targeted for the client-server services, in which the mobile
client initiates an SCTP session with the fixed server. For supporting the peer-to-peer services, in which
a session is terminated at the mobile host, the mSCTP must be used along with an additional location
management scheme such as MIP.

A.2.2| SCTP handover

The SCTP intrinsically provides the multi-homing feature, in which a mobile node is allowed-to
simulfaneously bind multiple IP addresses to its network interface. The recent works on the SCTP
include the ASCONF extension. The ASCONF extension enables the SCTP to add, delete and change the IP
addrepses during active SCTP association.

The SCTP implementation with the ASCONF extension is called the mobile SCTP (mSCTP). The mSCTP
can b¢ used for seamless handover while the mobile node is moving into different IP network regions
over the session.

Sessigns considered in mobile communications can be classified into the following two types:

a) Se¢ssion originated from mobile host toward fixed host
b) Sé¢ssion originated from fixed host toward mobile host

The mjobile sessions in (a) seem to be a natural extension of théclient-server model, in which the mobile
host dgriginating the session can be viewed as a client, while'the counter end point will function as a
servel. On the other hand, the case (b) requires the additienal location management functionality for
the sefssion originator to find the current location of the‘mobile host and to keep track of the location
changps, which has so far been addressed by MIP.

The mSCTP, in the present form, is targeted for seamless handover of mobile session associated with the
case (f). To support the session type of the case (b), the mSCTP must be used along with an additional
locatipn management scheme such as Mobile IP.

Let ug consider a mobile client (MC) that initiates an SCTP association with a fixed server (FS). After
initiatfion of an SCTP association, the MC moves from location A (access router A) to location B (access
routey B). Then, the handover procédures can be performed as follows.

Step 1f Session initiation by-MC

We assume that ap- M€ initiates an SCTP association with an FS. The resulting SCTP association is
agsociated with4he1Pv6 address 2 for MC and the IP address 1 for FS. Note in this phase that the FS
is[in the singlé reming with IP address 1. The MC is also in the single-homing in the initial state, in
which the JR'address 2 is set to its primary IP address in the SCTP initiation process.

Step 2 Obtaining a new [P address for a new location

L¢tts assume that MC moves from AR A to AR B and thus it is now in the overlapping region. In this

phase, we also need to assume that the MC can obtain an IP address 3 from the AR B.

By SCTP implementations, the newly obtained IP address 3 must be signalled or informed to the
SCTP in the transport layer, and then the SCTP will bind the new IP address to its address list
managed by the SCTP association.

Step 3: Adding the new IP address to the SCTP association

After obtaining a new IP address, the MC’s SCTP informs MC that it will use a new IP address. This
is done by sending SCTP Address Configuration (ASCONF) Chunk to the FS. The MC may receive the
responding ASCONF-ACK Chunk from the FS.

10 © ISO/IEC 2013 - All rights reserved
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The MC is now in the dual homing state. The old IP address 2 is still used as the primary address,
until the new IP address 3 will be set to be “Primary Address” by the MC. Before the primary address

is newly set, IP address 3 will be used as a backup path.

Step 4: Changing the primary IP address

While the MC further continues to move toward AR B, it needs to change the new IP address into its
primary IP address according at an appropriate rule. Actually, the configuration of a specific rule to

trigger this “primary address change” is a challenging issue of the mSCTP.

If once the primary address is changed, the FS will send the incoming data over the new prim
address, whereas the backup (old) address may be used to recover the lost data chunks

Step 5: Deleting the old IPv6 address from the SCTP association

As the MC progresses to move toward AR B, if the old IP address gets inactive, the'MC must dd
from the address list. The rule for determining if the IP address is inactive may-also be implen
by using additional information from the underlying network or physicallayer.

Step 6: Repeating the handover procedures

The procedural steps for seamless handover described above will be repeated whenever t
moves to a new location, until the SCTP association will be released.

A.3 SIP-based mobility schemes

In the application layer, the Session Initiation Rrotocol (SIP) can be used to provide the lo
management and handover support functions.

A.3.1 SIP-based location management

The SIP has been made in the IETF for supporting the control of IP-based multimedia session
signalling protocol. SIP is an application-layer control protocol that can establish, modify, and terr
multimedia sessions. SIP uses(SIP Uniform Resource Identifiers (URIs), which are similar to
addresses, as its addressing scheme. It operates independently of the underlying transport
protocols such as Transmission Control Protocol (TCP) and User Datagram Protocol (UDP).

SIP provides the location'management functionality for mobility support based on the user’s regist
with a SIP registrariWhen a SIP User Agent (UA) moves into a new network region, it registers its ¢
location with theJocation database via a SIP registrar. The location database is referred to by t
proxy server ot redirect server during UA originated or terminated session initiation.

The SIP functional entities include the UA, the proxy server, the redirect server, the registrar a
locatioft.database. SIP messages are classified into two types: request that is sent from the UA
(UAE):to the UA Server (UAS), and response that contains the status of the request. More details
aregiven in IETF RFC 3261.
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A.3.2 SIP-based handover

The SIP can also be used to support handover using the SIP Re-INVITE message (see IETF RFC 6141 for
more details). In SIP handover, a mobile node (MN) performs IP handover by sending another INVITE

(called re-INVITE) message to the correspondent node (CN) after getting a new IP address.

The normal SIP handover can be depicted in Figure A.2.
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Figure A.2 — Information flow of SIP handover

Inthe/AR_Aregion, MN is communicating with CN by using IP address A. As it moves into AR_Bregion, the

media
config
new I
recei

This
and I

channel with IP address A will be disconnected. MN then begins movenient detection and address

uration. After getting a new [P address, MN sends an SIP re-INVITEmessage, which contains the
address, and receives the SIP 200 OK message from CN. Duringthis handover period, MN cannot
the media stream from CN, which induces the concerned handover latency and packet loss.

ormal SIP handover may give a large handover latenéy associated with movement detection
address configuration. Accordingly, the SIP may, belextended to support the soft handover

with ‘picasting.’ In this handover scheme, an MN will comnmiunicate with the CN using bicasting in the
handgver region.

In the
and L
opera
handd
bicast]

SIP handover with bicasting, an MN is assumied to exploit the link-layer triggers such as Link-Up
nk-Down. That is, when the MN goes into\the handover region, it will initiate the SIP handover
ions with the help of link-layer triggers. On the other hand, it is noted that the existing SIP
ver does not use such link-layer inforimation, since the SIP cannot support the soft handover with
ing. The procedures of SIP handgver-with bicasting are illustrated in Figure A.3.
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Figure A.3 — Information flow of SIP-handover with bicasting

In the figure, MN initially uses IP address A (IP_A). When it moves into AR_B region, it will detect 3

}75U!JSED!94‘

) Link-

Up for AR_B. It then performs movement detection,and obtains a new IP address (IP_B) via DHCP ar IPv6

address auto-configuration.

After getting a new IP address, MN sends anSIP re-INVITE method which contains the informat
IP_B and handover header, as specified in\the figure. The CN will respond with SIP OK message {
Since then, CN can transmit an identiealmedia stream to MN over both IP_A and IP_B. That is, CN
bicasting to MN. In this period, MN*transmits its own media stream to CN using either IP_A or IP_

As the MN further moves into the’/AR_B region, it will detect the Link-Down event for AR_A. The M
sends an SIP re-INVITE message to CN, as specified in the figure, so as to stop bicasting (i.e. transm

jon on
o MN.
starts
B.

N then
ission

over IP address A). After the-corresponding OK message is received, MN and CN use only the IP_B address.
The implementation issue€s of SIP with bicasting are for further study.
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Annex B
(informative)

High-level architecture of mobility control in FN

This Annex gives an example of high-level architectures of mobility control in FN, which may be
considered in the design of overall FN architecture in the mobility perspective.

B.1 Pverview

The mobility control architecture for FN may be designed with three main functional plecks, as shown
in Fighire B.1, which include ID-LOC separation with Global Identifier and Local Logator (GILL); Global
ID-baged communication and Local LOC-based delivery (GIC-LLD) in the data plane;Distributed Mobility
Contr¢l (DMC) in the control plane.

Q

Data Plane Control Plane \%
Global ID-based N
Comm. and Local Distributed Mobility
LOC-based Delivery Control (DMC)
(GIC-LLD)

ID-LOC Separation
Global ID and Local LOCAGILL)

Figure B.1 — Three functional blocks for mobility control

B.2 [Global identifier and local Tocator

In FNJ[ID is separated from LOC.ID is allocated to a node itself, not its interface. In addition, a LOC is
given [to the network (rather than a host) that a host is attached to. In particular, LOC is ‘local’, rather
than ‘global.” A specific fermat of ID is for further study. In FN, the mappings between IDs and LOCs
will be updated and managed by DMC. In addition, an ID is a global ID that shall be unique in the global
netwdrk, whereas a&£iQ€'is a local IP address that has only to be unique in the local network.

In FN,the [Pv4/IPv6 addresses of the access router (AR) and the gateway (GW) may be used as LOCs.
These|IP address may be private in the network. LOC is used for data delivery in the network, whereas
ID is yised for end-to-end communication between the two hosts through one or more networks. In
mobil¢ ehvironments, a host with a single ID may change its LOCs by movement.

B.3 Global ID-based communication and local LOC-based delivery

In FN, each host has a globally unique ID, by which global communication is accomplished. In the
meantime, one or more LOCs are used for packet routing in the network. Each LOC may be used locally
in the transit networks, without any assumption on global uniqueness of LOC. Access LOC (A-LOC) is
used for forwarding of data packet between hosts and AR in the access network. The format of A-LOC is
specific to the underlying access network.

Figure B.2 shows the packet delivery operations with Global ID-based Communication and Local LOC-
based Routing in FN.
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< > <€ > € >
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< =

ID-based global end-to-end communication

Figure B.2 — Global ID-based communication and local LOC-based delivery

For discussion, we consider a simple data delivery scenario in which a sending host (SH) walnts to
communicate to a receiving host (RH). It is assumed that SH has\the information on ID of RH. Th¢n, the
overall data delivery operations a domain are performed as foHows.

1) Data transmission (SH <> AR)

SH sends the data packets to AR in the access network by using ID of RH. It is noted that SH ddes not
need to know the LOC of RH (IP address of AR that is attached to RH). The data packet contailns the
ID for communication, and it will be delivered+to AR, which is based on the A-LOCs of SH and AR.

2) LOC query and LOC translation (AR of SH)

On reception of data packets from-SH, the AR of SH will first investigate the ID of RH, angl then
identify the LOC of RH by using the DMC. Then, AR of SH will translate the LOC of access netwjork to
that of backbone network.

3) Packet delivery in the backbone network

The encapsulated data packets are delivered from AR of SH to AR of RH, possibly via one off more
routers in the backbone network.

4) LOC translatiom(AR of RH)

On reception of the encapsulated data packets, the AR of RH will extract the original data pdckets,
and then forward them to RH over the access network. Note that the access network of RH may be
diffehent from the access network of SH.

5)¢ Data reception (AR < RH)

Einally tha RH cqan racaiva tha origl
T et caecervve+ne-o

aln
TIIorry TE-TTT c-tIT TS o trorco P CIseeo—tra o TIrre te oo y ot

In FN, data communication will be accomplished based on ID, not IP address that is used in the current
Internet. More specifically, a host will initiate a communication session with a ID of the corresponding
host. On the other hand, data routing is performed locally in the access and backbone network.

B.4 Distributed mobility control
Most of the existing IP-based mobility protocols are based on the centralized approach, as shown in the

MIP and PMIP, in which all control and data traffic will be processed by a centralized mobility anchor,
such as Home Agent (HA) of MIP or Local Mobility Anchor (LMA) of PMIP. However, such a centralized
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mobility scheme is vulnerable to some problems. First, the centralized anchor may induce unwanted
traffic into the core network, which tends to give a big burden to mobile network operators in terms
of operational costs. In addition, a single point of failure of the central anchor may affect overall data
transmission and degradation of performance, which will increase the cost of network dimensioning
and engineering.

To overcome the limitations of centralized mobility control, we may consider the distributed mobility
control in FN. In the centralized mobility control, the routing path through a centralized anchor tends
to be longer, which results in non-optimal routes and performance degradation, whereas the route

optimjzation will be intrinsically supported in the distributed mobility control. Moreover, the distributed
mobility control can reduce unnecessary traffics, if the two end hosts communicate directly each other;
notrelying on a centralized anchor. This will also be helpful to reduce the handover delay. Moreover, the
centrglized approach is vulnerable to a single point of failure, whereas the distributed approach will
mitigqte such problem to a local network.

For distributed mobility control, we divide the network reference model into intra-demain and inter-
domain cases. Herein, a domain represents the network domain that is administrated by an ISP.

Figur¢ B.3 shows the network model for intra-domain mobility control, in which-data and control flows
are illpistrated within an ISP domain.

T 0
Logical Network for Mobility Control
LMC ¥/ MC Control € — — —>

Data H

ISP.Backbone Network Access Network

L RN g 1Y

&

Hpst 1

Access Network

Figure B.3 — Network model for intra-domain mobility control

In thelfigure each host is attached to Access Router (AR), and a lot of ARs are interconnected with each
other [in the ISP backboné hetwork. It is assumed that each AR is connected to its own Local Mobility
Contrgller (LMC) via~an internal interface. LMC may be implemented over AR. Each domain has a
Distriputed Map Sérver (DMS) to perform the mobility control operations. DMS may be implemented
over the gateway\(GW) of the domain.

LMC i§ an agentlocated with AR, which is in charge of control operations for mobility control in the local
domain. Each LMC is likely to be implemented with AR. That is, AR and LMC may be just logically (or
functipnally) separated, but physically co-located over the same equipment. For inter-domain mobility

control, each LMC performs the mobility control operations with DMS.

DMS is an agent located with GW, which is in charge of control operations for mobility control in the
global domain. For inter-domain mobility control, each DMS performs the mobility control operations
with its LMCs and the other DMSs.

Figure B.4 shows the network model for inter-domain mobility control, in which the hosts may be
located across different ISP domains. It is assumed that each ISP is interconnected with the other ISPs
over global Internet domain.
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