46

Seamless Handover For Unidirectional Broadcast

JOURNAL OF COMMUNICATIONS, VOL. 2, NO. 6, NOVEMBER 2007

Access Networks In Mobile IPv6

Ilka Miloucheva, Jens Modeker, Karl Jonas
Fraunhofer Institute, Schloss Birlinghoven, SankgAstin, Germany
Email: {ilka.miloucheva, jens.moedeker, karl.jon@okus.fraunhofer.de

Dirk Hetzer
T-Systems, Goslarer Ufer, Berlin, Germany

Email: dirk.hetzer

Abstract-- Mechanisms and protocol interactions for
seamless handover of mobile multicast/broadcast séces
using unidirectional access networks in heterogenae
Mobile IP infrastructures are discussed and proposg QoS
based applications, such as content delivery, mobil TV,
carousel and reliable downloads, requiring interadon
channel, are considered, as well as recent standazdtion
efforts for converged broadcast and mobile IP
infrastructures. The proposed mechanisms are aimedo
support handover of interactive mobile services usg
unidirectional broadcast media (DVB-H) combined wih
bidirectional mobile access technologies (UMTS, WLAN,
WIMAX) in heterogeneous Mobile IPv6 environments. h
particular, the focus is:

Enhancement and interactions of link layer tunnellirg
mechanisms (IETF RFC 3077) for provisioning of
bidirectional connectivity in heterogeneous MobilelP
environment;

Access network selection and intelligent handover
mechanisms based on IEEE 802.21 for services using
unidirectional networks;

Proactive resource management for interactive serges
using unidirectional access networks.

Index Terms-- IEEE 802.21, LLTM, unidirectional network,
DVB-H, QoS, mobile multicast, Mobile IPv6, policy

1. INTRODUCTION

Unidirectional broadcast technologies, such as tBligi
Video Broadcasting-Handheld (DVB-H) [1], based on
one-way transmission, are able to provide costiefii
and high speed transport of multicast/broadcafficria
mobile receivers supporting scenarios for
television, streaming distribution, mobile
delivery, carousels and reliable file downloads.
Integration of multicast multimedia applications thwi
interactive channels and asymmetric traffic
unidirectional broadcast access  networks
heterogeneous mobile IP infrastructures requirbsierit
approaches for:

Provision of “interactivity” path;

content

mapping between unidirectional and bidirectional
access networks,

Policies controlling the usage of multiple path dnel
handover decisions,
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Intelligent access network selection for mobile emd
in converged heterogeneous infrastructures.

Recent standardization efforts focused on multimedi
services and applications, such as IPDatacast @] a
DIMS [3], are aimed to support convergence of
unidirectional broadcast and Mobile IP services.
Different architectures have been proposed for cost
efficient support of content delivery, mobile TVdaather
interactive mobile multicast applications using ddoast
media.

Examples are hybrid broadcast and cellular systms
Mobile TV [4], mobile ad hoc infrastructures with
unidirectional links [5], mesh of wireless and kdoast
networks [6].

The goal of this paper is to evaluate and propfsgemnt

handover strategies to support mobile users with
unidirectional network interfaces in heterogeneous
mobile IPv6 environments based on combination of

unidirectional broadcast networks (DVB-H) and
bidirectional access technologies (such as UMTS,
WIMAX and WLAN).

Different aspects for improving the handover

performance using unidirectional access networks ar
discussed and novel solutions are proposed:
Enhancement of link layer tunnelling mechanisms
based on IETF RFC 30779] and analysis of
interactions in mobile environment aimed at
provisioning of bidirectional connectivity;

Intelligent network selection for applicatian§he
IEEE 802.21 media independent handover framework
was proposed to support services allowing exchange
of information for optimal handover [8]. Because th
IEEE 802.21 framework does not consider the
unidirectional media and the tunnelling for
bidirectional connectivity, we propose enhancements
for mobile nodes with unidirectional links.

Policies for mobile services using unidirectioniakk
aimed at automated handover decisions.

Proactive resource reservation considering spesific
of unidirectional broadcast access networks.

This paper is organized as follows.

In section 2, unidirectional broadcast networking
architectures in Mobile IP environment, as well as
going multimedia and TV services are introduced.
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Section 3 discusses seamless handover based Administrative Domain 1
enhancements of RFC 3077 for tunnelling of bidiewl
connectivity.

In section 4, technologies for intelligent handowr 5@
services using unidirectional links are overviewed. =
Proactive resource management is discussed iroBegti o/ %
Section 6 concludes this paper. *

Multicast
Sources
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Il. MOBILE SERVICES USING UNIDIRECTIONAL LINKS IN

HETEROGENEOUYP ENVIRONMENTS (15 14 . ot
. .. . . i : R ook Muticast
A. Integration of unidirectional broadcast netwsiik A o | sources
Mobile IP architectures prE
m@k@; CoroiNetwork. ¢

T . . . . Administrative Domain 2
Unidirectional broadcast technologies for video andio

distribution, such as DVB-H, MediaFLO, T-DMB, caa b _ . . . .

. . Figure 1. Mobile IPv6 architecture using access routerstggration
integrated as access networks in heterogeneouslemobs heterogeneous access networks

Internet environment to provide services for mofilé,

streaming and multimedia content delivery, as veal The access network topology has an impact on the
reliable downloads to groups of receivers. performance (handover delay and packet loss) asddha
Unidirectional networks are based on one-way temsf be selected considering the application and mgbilit
and require additional bidirectional network to gag  requirements [19]. For more flexible mobile servared
interactivity channels. movement pattern support, in the second stage @f th
The benefits of the unidirectional broadcast celissh as  DAIDALOS project, mobility technologies including
large coverage area, support of huge amount gEEE 802.21 [8] and Network-Based Localized Mopilit
subscribers and great number of active users pér ceManagement ([21]) are focus of research.

make these technologies especially attractive foThe integration of the unidirectional broadcast emsc
integration in heterogeneous mobile IP environment.  networks (DVB-H) is based on the emulation of the
DVB-H (Digital Video Broadcasting - Handheld) is an bidirectional connectivity at a MAC sublayer using
open European (ETSI) standard for bringing broadcagomplementary wireless bidirectional network.

services to handheld devices [1]. DVB-H was spedifi In particular, for integrations of unidirectionatoadcast
based on DVB-T (Digital Video Broadcasting - networks in mobile infrastructure, following goaan be
Terrestrial) and is currently widely used to brimgpbile  taken into consideration:

TV and content delivery to the mobile phones [11].- Support for interactive services based on emulatfon

Similar broadcast technology for provision of mebil bidirectional connectivity (RFC 3077 [9]);
multicast/broadcast services and mobile TV is MEH@ - Reducing of control overhead and improvement of
[12], which is Qualcom proprietary technology  handover performance for mobile applications with
commercially available in USA. frequent handoffs using micro-mobility protocols
Further possibility is T-DMB recently standardizatso [20], such as Cellular IP, Hawaii, and Hierarchical
by ETSI [13]. Mobile IP.

This paper considers the QoS based mobile architect - Cost efficient solutions for mobile applicationsdan
of the EU IST project DAIDALOS for heterogeneous  users with multiple network access technologies.
mobile IPv6 environment consisting of unidirectibna

access networks (DVB-H) and bidirectional wireless . . _ .
technologies (UMTS, WLAN, WMAX). B. Interactive mobile multicast / broadcast sergice
Access routes are included in the architectureotmect

mobile users using multiple network interfaces Rv@8  Mobile multicast/broadcast services allow video and
core. In order to support seamless handover forilmob audio streaming, multimedia content delivery, casu
services using heterogeneous access networks atiiffer and reliable file downloads to multiple mobile eaers
technologies have been developed and evaluatedein twith mobile phones, pocket TV’s, portable radiosid a

DAIDALOS context, such as: other mobile terminal devices. Such services can be
- Candidate access router discovery and optimizatfon provided for the entertainment industry (life broast
next access network selection using CARD [15]; TV, voting , browsing, audio), broadcast distribuat for

- Context Transfer applied for transfer of stateswia  weather, travel and financial news, as well as fiteb
data) between access routers related to the mobitielivery, business with e-mail, e-commerce andsiicg
node’s services [14]; integrated in mobile devices. In DAIDALOS archite,

- Resource reservation, QoS mapping and adaptatich particular focus are technologies for seamlestcae
for seamless service continuation in heterogeneoundover between heterogeneous mobile (UMTS) and
access network environment [17]; broadcast (DVB-H) networks.
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The deployment of interactive services usingService interactivity is achieved based on cooparat
unidirectional broadcast networks in hybrid IPv6between broadcast and mobile telecommunication
environments including broadcast media requireplatforms [27]. Broadcast Network Operators proide
appropriate interactivity channels, mobility and o broadcast network that carries the mobile broadcast
support. Mobile multicast services on unidirectioiigks  services and the mobile operators supply the mobile
can be based on different models for interactisnsh as network required for the return (interactivity) cimel.
one-way and two-way interaction (see figure 2): The planning of combination of the unidirectional
broadcast technology with the wireless return netvior

the provision of interactive mobile broadcast sesvi
Mobile multicast / broadcast interactive servicedele depends on:
- — - Capabilities of broadcast and wireless return nekta/o
One way interactio Two way interaction and how they can provide the QoS required by the
- Voting - On-demand content application and user:
- Television game - Video-on-demand pp ! .
- Identification --Individual transction - QoS agreements between the broadcast and mobile
- Interactive content operator as well as content providers;
- Network interfaces available at the mobile terminal
DVB-H ?ﬁéﬁ:el DVB-H CEZLUJQ Conten - QoS characteristics of applications (QoS parameters
uMTs  |lumTs required for the downstream and return channel);
i ii 2 - User QoS requirements, profiles and preferences.
A business model for combined broadcast and mobile
Distribution - Response  Distribution Respons  Individual networks aimed at provision of interactive multirized
- Identificatiol Delivery multicast services in Mobile IP environments iswgho
Figure 2. Interaction type of mobile multicast applications Content server
Example for one-way interactive service is the r@bi —
.. . . . . Unidirectiona
television integrated into a handheld multimedixicke : : Broadcast
. i . . . Mobile multicast Network
aimed to facilitate easy viewer interaction and bdma application:
sophisticated television programs based on intiergct o palacast Mobile
channels [2]. With an interactive channel, vieweas - Content Delivery User
request specific information for city or region, atieer © Ydeo-on-Demand PN o PR
forecasts, film and multimedia guides. - _/?l?rts atn_«lﬁ_ Delay Interaction
. . olerant Transmission
Different services are deployed for converged bcaatl - Big Events (Sport) Network
(DVB-H) and mobile IP environment: " Refable Fle
- Multimedia streaming using converged DVB- - Carousel
T/WLAN access networks involving central broadcast - Multiple Play

points for transmission and stream regeneration and _ o , _ _
cell main nodes. which support the connectivit ofFlgure3. Business model for provision of interactive mobile
. . ! PP y multicast/broadcast services
different kinds of networks [26];
- Media streaming and mobile TV scenarios aimed at

sharing of home experience for big events, such a§ M ogiLITY MANAGEMENT FOR INTERACTIVE SERVCES

Olympic Games [28]., USING UNIDIRECTIONAL LINKS
- Social Mobile TV — a service using DVB-H broadcast

services in combination with  point-to-point
interaction for interactive mobile TV [29]; '
- Reliable emergency broadcast/multicast for alemts a
emergency information transfer (earthquake an
tsunami info) to groups of mobile users connected t . X )
unidirectional broadcast networks [31]. IP enwronrpent for different reasons, fo.r instance:
The standardisation of applications using mobileatfel IPMobility protocols, suc_h as MOb'!e IPv6 [33.] a}nd
DVB-H is based onPDataCast(IPDC) aimed at the Fast Handovers_[34] require bidirectional connettiv
delivery of streaming and file transfer applicatid23]. for address configuration;

IPDC is designed on the “push” service concept. The P network layer protocols, such as PIM-SM and
service offer can be obtained from the Electrordcvige DVMRP for routing and MLDv2 for multicast group
Guide (ESG) [24]. management, are operating based on bidirectiamal li

layer connectivity.

Introduction to Link Layer Tunnelling

Bidirectional connectivity for services used on
roadcast unidirectional links can be required iobile

Dynamic interactive multimedia scenes (DIMS) [4]ais , Co . .
recent 3GPP standardization effort for rich medial © Provide bidirectional connectivity of IP hostsithw
applications using constrained devices combinech witUnidirectional network interfaces, the —Link Layer

unidirectional broadcast (DVB-H) and mobile 3G runnelling Mechanisms (LLTM) (RFC 3077 [9])
(UMTS).networks. protocol defined by IETF Unidirectional Link Rougn

(UDLR) Working Group, is used.
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LLTM supports emulation of bidirectional connectivat  B.1. LLTM model based on Mobile IP

MAC sub-layer, which is a mediation layer betweeaad

link (L2) and network layer (L3) [32]. LLTM configes  In heterogeneous mobile IP access environmentvingl
dynamically IP tunnels from receivers to end-poattthe  mobile receivers with unidirectional link interfaethe
sender, called “feeds”. The Dynamic TunnelLLTM is used to support the bidirectional conneityiv
Configuration Protocol (DTCP) is used to providebetween mobile terminal with “receive only” capatlil
information about the “feeds” to the receivers. and access routers providing the connectivity t€tie.
The new feeds are announced by “Hello” message dh the LLTM network model (fig.5), the access raute
DTCP protocol, based on which the receiver musatere (AR) connecting (downstream) the unidirectional
a tunnel to enable bidirectional communication. Witee  network to the IP Core is called a “feed”-AR. TR
unidirectional link is down or when a “feed” is dowthe  provides IP tunnel end-points (“feeds”) for the dation
receivers must disable their tunnels. of the return channel from the mobile node.

For the IP tunnelling, the Generic Routing Encagoh  The return channel is built between the mobile ixece
(RFC 2784 [35]) can be used. The basic interactionand the “feed”-AR using additional bidirectionalreless
using LLTM and DTCP facilities for tunnel establisbnt  access network (called “interaction” access netyyork
are illustrated in the following figure: “return” — AR and IP tunnel.

A network model describing the bidirectional turimg

in mobile IP using LLTM is given:

MAC sublayer sender

Sender-only DTCP ,Feed"
Interface End Point
MAC_LLTM_AR IP Core :
I
I ; ,Feed“ - AR || ,Return“- AR
4Hello* message: 1
- new feed 0
- leave fee IP tunhe B¢
1
1
v MAC sublaygr receiver | Mobile node _
! Interaction
access
Receiver-only Active Tunneling & MAC_LLTM_MN network
interface Feed" list Encapsulation ? ¢
Unidirectional Bidirectional link
~—| (DVB-H) (WLAN)
Figure 4. Basic interactions for tunnel establishment

LleM technology Was.baSica"y_Used to support IPFigure 5. Tunnelling based on RFC 3077 for unidirectionakdirin
multicast and content delivery services on unidiogm@l  heterogeneous mobile IP access infrastructures

links in satellites and fixed IP platforms. For exae

integration of unidirectional links was performedsked Dependent on the QoS and business goals, the
on IGMP [36], DVMRP [37] and PIM-SM multicast ‘interaction” networks can be based on differenteless
routing [38], as well as integration of LLTM in silite  technologies UMTS, WLAN (IEEE 802.11x), or
environment for large scale distribution [39]. WIMAX (IEEE 802.16x).

Usage of LLTM for integration of unidirectional ks~ The bandwidth requirements at the “feed’-AR are
in mobile IP infrastructures is reported in a fewdses analyzed, considering combined unidirectional and
and experiments. In [6], a tunnelling approachréarting ~ “interaction” networks for provision of asymmetric
in Mobile Ad Hoc Networks using unidirectional ligks ~ services. Assuming Bis the bandwidth for the
analyzed, focusing on performance parameters of th@ownstream unidirectional connection and B the
tunnelling mechanisms, such as window and timers. ~ bandwidth for the upstream connection (tunnel).

In a Cisco/Boeing effort on global mobile router For the bandwidth provision at the “feed” router is
mobility, the tunnelling facilities are used to pide  required that
roaming capability in unidirectional satellite IP

infrastructures [40]. B=2B,; withi=1...N,
where
B. Using of LLTM for unidirectional access networks in N is the number of the mobile nodes with
Mobile IP bidirectional connection emulation to the “feed”-AR.

Assuming that B , is the mean traffic of a mobile
" receiver in upstream (return) direction, than th&ources
?t the “feed”-AR are obtained considering the nuntfe
mobile receivers N with tunnels to the “feed”-AR.

In the mobile QoS architecture of DAIDALOS project
LLTM is used for integration of unidirectional brbeast
networks in heterogeneous Mobile IPv6 to suppor
interactive mobile multicast/broadcast. services.

© 2007 ACADEMY PUBLISHER



50 JOURNAL OF COMMUNICATIONS, VOL. 2, NO. 6, NOVEMBER 2007

B=N.Bmn performance will depend on the sum of handovers
required for the two networks.
Different resources can be assigned to specifitfded” In particular, the handover delay of the combinedeas

addresses (attachment points). In order to plan theetwork infrastructure depends on the particulanacio.
bandwidth configuration of the “feed” router, thember  Unequal transmission range of unidirectional breatic

of the mobile users with interactive services hasbé and “interaction” network can result in frequent
monitored and forecast. handovers and loss of connectivity in the downsireat

If return-AR or “feed AR are overloaded with return upstream direction for a small or longer duration.

traffic, traffic redirection and vertical handoweranother The coverage range of the unidirectional broadcast
access networks can be performed. networks (such as DVB-H) is usually greater thae th
The QoS capabilities of the IP “feeds” (bandwidth,coverage range of the “interactive” wireless networ
performance, load) are also important, as well asuch as WLAN or UMTS, so that it is to expect that
supported encapsulation procedures at the “feed’-ARandovers of the “return” channel happens morenofte
(see, GRE [35]). than for the downstream connection.

In mobile IPv6 environment, especially in the multi The scenario (fig. 6) handles the case, when theileno
homed [43] scenarios, the “feed” capability listnode receiving services on a broadcast access retwo
maintained by the LLTM component at the mobilelooses its return mobile network connectivity (UMTS
receivers will include also information about th@bite  and must perform a handover to a new mobile network
node’s “interaction” access network interface: (WLAN) to provide the return channel.

Feed_info = {IP_Feed, BW_feed, ENC_Feed, IP_P2P}

where Serve
IP_feed is the “feed” IP address at the accessrdat - Access Router
. Nex R
emulation of return channel, . Tonner
ENC_Feed is the supported encapsulatiegthod, ove e & i
_ree : latethod, R0 ¥
BW-feed is the corresponding bandwidth, Router }—44~""" Previous Return pN
. - . - T | RN
IP_F_>2P is a bidirectional local mohiletwork used for WLAN Next Retun\,
the “interaction” tunnel. retun ||| o Noae RLUnel “.

““Handove
tunnel RS

Because LLTM was designed for fixed IP environment, i \@3 ””””

the “feed” capabilities are learned using DTCP qcot DYsH \/

without interactions with mobility protocols to eafor

handovers. When the mobile node moves to a new

unidirectional network, the learning of the corr@sging  Figure 6. Handover in case of lost connectivity to the “mtgion”
IP “feed” tunnel address for emulation of bidirecial  access network (scenario 1)

connectivity will be delayed at least untii a HELLO
message is received by the mobile node at the next : . .
unidirectional network. vertical handov_er in some scenarios.

The interval between the HELLO messages{Dse) is When the mobile node moves _from a b|d|rect|onabas_c
(RFC 3077[9)) is 5 sec. This means that the estasient network (UMTS) to an unidirectional broadcast link
of bidirectional connectivity, which is requiredrfeome (DVB-H), handover must be perfqrmed for the two
standard multicast and routing protocols, will whait the networks - DVB-H and WLAN (see, fig.7).

next HELLO message, and this interval is too long.

Mobile TV and mobile content delivery can require

B.2. Mobility scenarios and requirements for LLTM
operation e

Access
Router

Access Router
Return Tunnel
WLAN

DVB-H
Access
Router

Currently, the IP mobility (MIPv6 [33], FMIPv6 [3%]
and address configuration ([44], [45]) protocols based

Next return

on the assumption that the network interfaces @f th  °M'° @ WLAN

mobile node are bidirectional. _ v\

The unidire“ctionaln link and a bidirectional wireses Mobre Node Next DVB-H
network for “return” connections can differentiatethe >

coverage range, bandwidth, signal strength, delay a

other p_erformance CharaCterl§t|CS’ which impacte thFigure 7. Handover scenario from bidirectional (UMTS) to coneal |
connectivity of the combined access network(DVB,WLAN) access networks (scenario 2)

infrastructure.

Assuming that [}g is the handover delay to a new |n this case, the handover to the “interaction” eléss
unidirectional link and k& is the handover delay to a new network (WLAN) must be finished before the handover
“interaction” access network, then the applicationto the unidirectional network, because the reverse
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connectivity is required for the handover operatiQGoA
address configuration) of the unidirectional networ
Another scenario (fig. 8) shows the mobile node imgv
between different DVB-H cells, but not changing its
“interaction” WLAN.

Although no handover of the return network, theveai
need to change the tunnel to the new "feed” accmssr.

Access Router
Return Tunnel
WLAN

DVB-T
Access
Router

Return tunnel
WLAN
remains unchanged " “

Next

DVB-H DVB-H

—

Mobile Node
Handover

Figure 8. Handover to a new unidirectional broadcast netwatkout
change of the “interaction” mobile network (scena)

When the mobile node is changing its point of dttaent
(for unidirectional or “interaction” network), LLTMnust
be informed by the mobility system about:

Need of handover for each direction;

Changes of the states of the IP “feeds” (such esd'f
deactivation, establishment of a new “feed”)

51

C.1. Mobile IPv6 handover delay for LLTM based
unidirectional access networks

In mobile IPv6, the configuration of a new Care of
Address (CoA) for the mobile node is defined based
the enhancements of IETF documents for Neighbour
Discovery, stateless [44] and stateful [45] address
configuration, which do not specify special handliof
mobile nodes with unidirectional interfaces.
Considering the abstractions [46], the handoveaydef a
mobile node in Mobile IPv6 (RFC 3775 [33]) is given
D mipve = D2+ Drp+ Dpap+ Dgu «H)]
where
D,,, data link handover delay, aimed to change thk lin
layer parameters of the connection between thelmabie
and the base station (access point);
Drp is the delay to receive unsolicited Route
Advertisements (RA). In MIPv6 to acquire the new CoA
the mobile node waits for RA from the new acceagan
RA are sent in RtAdvint interval, which can be rantiom
varied for MIPv6 ([33], [47]) between MinRtAdvint 30
ms and MaxRtAdvint = 70 ms;
Dpap — Duplicate Address Detection (DAD) procedure
performed by the mobile node for configuration loé ihew
Care of Address (CoA) after a movement from the ciirre
sub-network is detected;
Dgy — Biding update signalling.

When the mobile node connects to a new unidireatio
access network, the IP “feed” tunnel address isireq
to execute DAD. The mobile node must wait unti th

- Requirement to use another “interaction” networkHELLO message of the DTCP protocol is received and

interface for tunnelling to already existing “feed”
When there is a change in the “feed” access rothere
is a need to inform the mobile node to change faed”
router description in the internal lists.
For this purpose, following events have to be pssed
by the LLTM entity at the mobile node:
FEED_BUILD - Establishment of tunnel to a ne
“feed”, because the access router for th
unidirectional network changed (scenarios 3 and 2);
FEED_DROP - Delete of the “feed”, because th
unidirectional access network is not more use
(scenario 3);
ROUTE_UPDATE - Change of the ‘“interaction

w

network” corresponding to the feed, because oﬁ_

handover (scenario 1).

C. Handover enhancements for LLTM in Mobile IP

In this section, we focus on enhancements to rethee
handover, when a mobile node is moving
unidirectional access network ().

So far LLTM (RFC 3077 [9]) operation was specified
based on fixed (non mobile)
enhancements are required to support efficientynsess
handover in heterogeneous mobile IP environment.

© 2007 ACADEMY PUBLISHER

e .
qrew prefix.

the “feed” is configured Oy, reed- Thus, for a mobile
node moving in MIPv6 to unidirectional link using
LLTM, the handover delay is:

@

D dtep_mipve=Dr2 + Max (Dkp ,Datep_teed + Doap+ Dau

When the mobile node performs the L2 handomgs)(

ethe address of the IP “feed” is not known and trubihe

node must wait for the HELLO message of DTCP.
Simultaneously, it receives also the RA messagk thi¢

Dutcp_reedinterval is longer compared oy, interval. If
Dutcp_teeaiS decreased, the problem arises that too much
ontrol traffic will overload the network.
he LLTM technology for learning of the “feed”
addresses based on DTCP was designed for fixed
networks and is not efficient for mobile environrhen
where the traffic to the mobile receivers mustdduced.

C.2. Reducing of LLTM handover delay for MIPv6

to

In MIPv6, access routers advertise their presemck a
supply the network address prefix for statelessresid

IP architectures,auto-configuration using RA (unsolicited), as wad in

response to Router Solicitation messages sent by th
mobile terminals.
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To reduce handover delay and support unified The handover delay increases by the time td foai
technology for converged broadcast and mobile IRhe HELLO messages to the “feed” and to configlwe t
environment, our proposal is to include the IP tfee new CoA.
addresses in (unsolicited) Router Advertisemente Th
“feeds” for the bidirectional connectivity and thddress Dutep_fmipv&D12 + Dinat Deu+ Dutep_teeat Doap + Deu (4)
prefix for the new Care-of-Address (CoA) are reediv
together and the address configuration includingDDA In FMIPV6 (similar to MIPv6) an option including eh
can be done in uniform way for unidirectional and“feed” information for the tunnelling is integrate«l the
bidirectional access networks. Proxy Router Advertisement Message PrRtAdv for CoA

When a mobile node performs a handover to the neWwre-configuration in the handover initiation phase.
"receive-only” unidirectional network, it receivesn

ext Access Route

unsolicited RA with “feed info”, including the “fel Mobile P revious feed” for unid. link
description of the candidate access network (§ge9). Node Access Router
This requires that LLTM at the “feed” access router B ;”;egﬁ?figgs,,
provides information to the mobile infrastructure PrRiAdV(foed " nfo) A ReAdv(feed” info)
protocols about the “feeds”.
After receiving the next IP “feed” address, the it®b
node can configure the CoA for unidirectional netvo LD
[
Mobile Node Next Access “fee * Router Figure 10.Usage of “feed” info in Fast Handover for MIPv6
lof Unidir. Netw.
LLTM “feeds” are The enhancement allows the configuration of the @oA
eSO =L ClU the handover initiation phase and avoidance of the
unsolicited additional delay caused by the waiting for DTCP and

—— HELLO message. The resulting handover can be

S————— expressed by the usual handover deByimpe fOr

*care-of address FMlPVG, see formula (3)
configuration DAD

Figure 9. Usage of “feed” info in MIPv6 IV. INTELLIGENT HANDOVER SUPPORT FOR SERVICES ON
UNIDIRECTIONAL LINKS

There is no need to wait for “feed” addresses from

HELLO message, therefore the handover latency @n brechnologies for intelligent handover are aimedlitain

expressed by the usual deBy,s, see formula (1). the capabilities for the neighbour access netwari to
select the optimal access network for the appboati
C.3. Reducing of LLTM handover for Fast MIPv6 according specific goals. There are different congmts
(technologles) for intelligent handover supporttsas:
Fast Handovers for MIPv6 (FMIPV6) has been. |nliigent interface selection at mobile node [25]

proposed in order to minimize the handover delesea _ access network discovery [15], [16], [18];
on the handover initiation phase, in which the CoA. Policy management [7], [22]; ' ' '

address is preconfigured before L2 handover [34]. \jedia independent handover and information base,
Generally, based on the abstractions [46], the Rf@IP allowing cross layer decisions [8];
handover delay can be expressed by: - Context Transfer [14], [30].
QoS mapping and proactive resource reservation [17]
A challenge today is to integrate such componemta i
common architecture for handover support allowing
where . . unified interfaces and cross-layer handover degisio
- Dip, data link handover delay, aimed to change th%upport. ThdEEE 802.21 Media Independent Handover
link !ayer parameters of the connection betvyeen thf"MIH) standardisation effort [8] is aimed to providesuc
mobl!e node and the base station (access point); cross-layer services that can request and deliver
- Da informs the new AR about the presence of g, mation related to intelligent handover deaisioat
mobile '?O_de? . . different communication layers.
- Dey — Biding update signalling. . MIH defines services for managing and exchanging
In formula (3) the initialisation phase is niotluded, information, event and control messages between
because it is done befog, . For a mobile node moving network d,evices and modules enabling handover

in FMIPV6 to the unidirectional link, it is not p&ible to decisions of mobile nodes with multiple network
obtain the “feeds” in the handover preparation phas interfaces [8]

D h_fmipve— D2+ Dinat Dy (3)
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Local and remote data link layer (L2) interfacesivée - Redirection of traffic from unidirectional network
events and triggers to upper layers (network, parts (DVB-H) to another overlaying cell, for instance in
and application). The upper layers issue commands t order to save resources;

MIH middleware to control data link layer. MIH sécgs - Adaptation of application services in case, tha th
are enhanced to support the handover process iRP¥VI interactivity channel is lost. The policy systernc
based on the provisioning of network address in&dirom request the continuation in an adapted mode (as
(L3) of neighbour access networks [41]. The priviti downstream service, only in one-way direction).

“MIH-Prefixinfo”, proposed in [46], is used to olitathe
next access router information by the mobile node

without router discovery. V. RESOURCE MANAGEMENT FOR INTERACTIVE

Currently, the IEEE 802.21 does not consider the SERVICES ON UNIDIRECTIONAL LINK

handover of services using unidirectional access

networks. Interactive mobile broadcast services, such asimedtia

802.21 can be enhanced for unidirectional links tacontent delivery and software downloads, are

include: characterized with asymmetrical traffic for the

- Information primitives describing “feed” IP address downstream (unidirectional) and upstream (return)
and capabilities of the access router; connection. The QoS characteristics of the dowastre

- Information concerning the QoS of the “feed”, t/ee  and upstream connection can be required using
bandwidth and performance characteristics desgibinparameters, such as bandwidth and delay.

the attached interfaces; The resource reservation strategies for mobile sode
- Events specifying the availability of the LLTM using unidirectional networks depend on the busines
functions; models and Service Level Agreements (SLA) between

- Commands changing the state of the “feed” at th&ervice (content) providers and network operatorha
mobile node (deactivate “feed”, establish “feed”,core and access networks.
assign new “interactive network). In DAIDALOS architecture, QoS brokers are respolesib
Further mechanisms concerning discovery of capi@sili for resource reservation at core and access nesvh7k.
of the networks are for instance the Candidate #€ce The access routers are requesting the resourcethedor
Router Discovery (CARD) [15] and dyCARD (A mobile nodes sending signalling messages to thesscc
dynamic Access Router Discovery) protocols [18],Network QoS Broker and Core Network Access Broker.
proposed by IETF Seamoby Working Group, as well aThe next figure shows a scenario including QoS érsk
Application Layer Information Service (AIS) [42]. when the mobile node moves to the next unidireefion
The management framework for intelligent handovembroadcast access network and needs to reservecesou
decision to unidirectional networks concerns bdtle t
access router and mobile terminal. The handoverttas E“
be performed with minimal interference of the mebil InteéneCore 1P \
node. The mobile terminal makes handover decisions Q93 s —«*’%
based on the received information about the cafiabil =~ T ozem T
of candidate access routers.

Server

Access Routers 4
Return Tunnel
WLANs

P
o=

Automated policy management for heterogeneous mobil g S Router
IP environments is aimed to support the handover Router fr— b
decisions considering business goals of policy racto N A
(users, service providers and network operators), RN

preferences and profiles of actors and applicat[@d3.
Possible scenarios for policy management of mobile
applications with multiple interfaces using unidiienal
broadcast networks include: QoSB
- Enforcement of specific handover strategies to DVB-H MoBTE Node >
support multicast applications requiring unidireatl Handover
links. For instance, for some business objectivesEigure 11.QoS brokers in scenario with unidirectional aceestsvorks
vertical handover between DVB-H and UMTS is . ) .
preferred. Policies can control the mapping ofiserv 1he QO0S management of mobile services using
parameters between IPDatacast and MBMS. un|d|rec§|onal mter.faces is based on separateureso
- Selection of “interaction” network interfaces arfd | reservation strategies for the:
tunnel end-points (“feeds”) with specific QoS - Downstream channel (Unidirectional broadcast

characteristics. The network interfaces, correspand network); o _ _
to the IP “feeds” tunnel end-points, are charaseati - Upstream channel (Bidirectional “interaction” acges
with bandwidth and other performance metrics, which_ network and IP tunnel).

can be chosen dependent on the asymmetric charactgf® reservation strategies differ for the IP Corel a
of the application; access networks.

QoSB Next
DVB-H
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At the access networkghe traffic can be planned, i.e. Communications and Networks (IC3NLas Vegas,
reserved in advance by the QoS brokers, using @otsto Nevada, October 2000. o
for resource reservation in advance, primary based [6] M. Kretschmer, I. Miloucheva, D. Hetzer, “Optimized
RSVP modifications [24]. “On-demand” reservation mggﬁathtroutllng for QoS ?V};a;e aptphca}u%ws ]"”b""y'

. network environments’international onference
scheme of the acce_ss QoS brokers gre also .pOSSIbIe' on Wireless Information Networks and Systems
The resource plannln_g and reservation c9n3|ders the (WINSYS'07), Special session on QoS Policy Manadgemen
- Downstream traffic at the unidirectional broadcast  Barcelong Spain, July 2007.

network and [7] R. Schatz, S. Wagner, A. Berger, “AMUSE - A Platform
- Traffic at “interaction” bidirectional access netko for Prototyping Live Mobile TV Services’Mobile and

for one-way or two-way mobile broadcast Wireless Communications Summit"18T, July, 2007.

interactivity services. [8] Draft Standard for Local and Metropolitan Area Netks:

Dependent on the SLAs for the applications and exunt Media  Independent Handover  Services,|EEE

: ; P802.21/D04.00February 2007.
providers, there are different schemes for resourc . .
reservation at the® Core networks ﬁ)] E. Duros, W. Dabbous, H. Izumiyama, N. Fuijii, Y.afly:

. L . “A Link-Layer Tunneling Mechanism for Unidirectioha
Over-provisioning' resource reservation for IP core Links” RFC 3077 2001.

based on long term advance resource reservation.  [10] “Designing Advanced network Interfaces for the ety
- “On-demand” resource reservation for core networks. and Administration of Location independent, Optietiz
This scheme is useful for services requesting personal Services’European IST DAIDALOS project,
bandwidth on-demand, such as real-time, emergency, Wwww.ist-daidalos.org
rich media app”cations, GRID and medical[1l] G. Faria, A. Henriksson, E. Starre, P. Talmola, BWM:
applications. Digital Broadcast Services to Handheld Devices”,
Proceedings of the IEEE, Vol. 9p. 1, January 2006.
[12] Qualcomm, “MediaFLO FLO Technology Overview”,
VI. CONCLUSION White Paperhttp://www.qualcomm.com/mediaflo/
[13] Digital Audio Broadcasting (DAB DMB video service;
User Application SpecificationETSI, T-DMB, TS 102

The paper was focused on technologies aimed atlssam 428), 2005.
handover of mobile multicast / broadcast servicgisg: [14] J. Loughney, M. Nakhijiri, C. Perkins, R. Koodli: "Cert
unidirectional broadcast network. Transfer Protocol (CXTP)RFC 4067 July 2005.

The usage of LLTM for unidirectional links in [15]'M. Liebsch, A. Singh, H. Chaskar, D. Funato, E.nghi
heterogeneous mobile IPv6 environment was discussed candidate Access Router Discovery (CARDRFC

; . 4066,July 2005.
Re_dycmg of _the handover_ delay. for services OI't16] F. Bari, V. C. M. Leung, “Automated network selection
unidirectional links based on interactions of LLTahd a Heterogeneous Wireless Network EnvironmdBEE

IP Mobility protocols to provide “feed” address aQbS Network January/February, 2007.

information was proposed. In order to support thg17] 1. Miloucheva, D. Hetzer, R. Pascotto, K. Jonas, tRiese
seamless handover for unidirectional links, tecbgias Reservation in advance for QoS based Mobile
for intelligent network selection and policy managmt, Applications”, International Review on Computers and
particularly based on IEEE 802.21, are overviewed. Software (IRECOS), Vol. 2, No.January 2007.

[18] R. C. Chalmers, G. Krishnamurthi, .C. Almeroth,
“Enabling Intelligent Handovers in Heterogeneous
Wireless Networks”,Mobile Networks and Applications

This paper is based on results of the European IST 11, p. 215-227, 2006.
project DAIDALOS [10] and NETQOS [48]. Thanks to [19] L. Peters, I. Moerman, B. Dhoedt, P. Demeester, &echp

European commission supporting these projects@adl t of the access network topology on the handoff
the partners that contributed. performance”Wireless Networksl 3, p. 203-220, 2007.

[20] P. Reinbold, O. Bonaventure, “IP Micro-mobility
protocols”, IEEE Communications Surveys and tutorials
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