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Abstract — The Internet access paradigm is changing and a
wide range of overlapping radio access technologiesuch as
WIMAX, Wi-Fi, 3GPP LTE/UMTS and DVB-H, will soon be
available to most users and their multi-access desés.
Therefore, novel mechanisms and protocols are needdd
provide seamless mobility between different wirelesaccess
technologies. This paper presents novel handover
procedures, based on media independent schemesatiress
seamless mobility in heterogeneous environments. We
propose an enhanced Media Independent Handover Fragn
work (eMIHF), which extends IEEE 802.21 by allowing fo
efficient provisioning and activation of QoS resouces in the
target radio access technology during the handover
preparation phase, and efficiently interacting with the
mobility process of the different technologies in lace. We
evaluate eMIHF using the ns-2 simulator, and demomsate
that the proposed handover scheme provides seamless
mobility, with low latency and no packet loss.

|. INTRODUCTION

Ubiquitous Internet access is one of the main ehgks in

telecommunications. The number of Internet users is

growing at a very fast pace. At the same time atferage

technology is selected by the mobility decisionoailtpm,
MIH offers the capability to enforce the QoS resms:
Since the time interval between the resources qaady
activation may be not negligible and the network
conditions in the target access technology can gdan
during this period, the MIH framework must be abte
provision QoS resources in the target network ptoor
their activation, guaranteeing their availabilityr ffuture
activation. Moreover, the MIH framework is a gerera
framework, but needs to be integrated with the ifipec
access technologies and their mobility processeshlimg

a coherent inter-technology handover process.

This paper presents novel handover proceduresdiess]
seamless mobility in heterogeneous environmentg® Th
proposed scheme is an enhanced version of the IEEE
802.21 MIH platform, called Enhanced Media
Independent Handover (EMIH) framework. The proposed
EMIH extends the original MIH version by adding the
capacity to efficiently provision and activate QoS
resources in the target radio access technologngltine
handover preparation phase, and efficiently intérgc
with the mobility process of the different techrgikes in
place, and therefore guaranteeing a coherent meflcees
break handover. Furthermore, the proposed schesee al

customer uses more than one device to connecteto th
Internet, and downloads and uploads digital mediaro
unprecedented magnitude. The network access paradig

addresses the translation and adaptation of the QoS
parameters from the serving to the target access

of “always connected, anytime, anywhere” is a antr
requirement for next generation networks. This gdaa
tall order to operators that ought to find waysptovide
broadband connectivity to their subscribers irrespe of
their location and access device. Therefore, taking
account the convergence scenario envisioned in
telecommunications area, it is essential that wfie
wired and wireless access technologies can wortheg,

technology, enabling the enforcement of the Qo$ciasl
in the target network during the handover prepanati
phase. Moreover, this also includes triggering cbeect
MAC layer primitives in the radio access technoldgy
mobility and QoS management purposes.

theTo evaluate the efficiency of the proposed solutios

implemented the EMIH framework, extending version 9
of the IEEE 802.21 MIH platform for ns-2 [2]. A mitd

allowing mobile users to handover between them seam initiated handover has been implemented betweerriwi-

lessly.

IEEE has been working on a standard which enable

Media Independent Handovers (MIH) — IEEE 802.2%tdra
standard [1]. IEEE 802.21 defines an abstract freonie

that optimizes and improves horizontal and vertical

handovers by providing information about the likydr

S,

[3] and WIMAX [4], integrated with the Fast Mobileve
(FMIPv6) [5] mobility management protocol, targetin
forthcoming IPv6 networks and demonstrating theueal
of our solution in a mobile heterogeneous enviromme
with QoS requirements.

The remainder of this paper is organized as follows

technologies to the higher layers. For the sucuokssf Section Il describes the most relevant related work

support of seamless, make-before-break handoveespo
the most important requirements
Presently, MIH provides QoS resources queryingtiier
candidate access technologies and, after the taopetss

published by vendors, standardization bodies, rebea

is QoS support.projects and the academic community. Section I

provides a high-level description of the EMIH frantek
entities and services. Thereafter, Section IV dessrthe
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proposed seamless mobility scheme, focusing on theB02.21 framework, which supports passive resematio
integration of the EMIH framework within a Wi-Fi to during the HO preparation phase. However, resource
WIMAX handover process. Section V presents the activation is performed only after the physical thaver is

performance evaluation results and, finally, Sectid executed, delaying the packet delivery to the taageess
concludes the paper and discusses open issuestfoe f  technology.
work.

11l ENHANCED MIH FRAMEWORK
Il. RELATED WORK
The IEEE 802.21 main goal is to optimize mobility
Typically, mobility solutions provided by vendomjch as ~ mechanisms in heterogeneous access environments.
Intel and Motorola [6], are based on proprietary lowards this aim, it defines a Media Independent

mechanisms. Hence, interoperability between differe _H?n(?over (héllgzlframi\;]vork, which ptrovrlldels sf[andaedsz "
vendor offerings is not guaranteed, introducing intertaces  between the ~access  lechnologies an €

mobility protocols from the higher layers in theofmrcol

disadvantages in maintenance and operation for bOthétack. The envisaged heterogeneous environment is
operators and consumers. Nevertheless, the treres ajj,strated in Fig. 1. A multi-operator, multi-teoblogy

changing and manufactures are adopting standardizeghetwork employing WIMAX, Wi-Fi and 3GPP
solutions, as recently demonstrated by Intel in Fgre, a ~ UMTS/LTE is shown, including the IEEE 802.21 Pairfit
seamless mobility solution between WiIMAX and Wi-Fi Attachment (PoA) and Point of Service (PoS). Poshes
was demonstrated, using the upcoming IEEE 802.21access technology attachment point, whereas PdBeis
framework. MIH entity that communicates with the multimode

_ o _ terminal.
With respect to standardization bodies, 3GPP and

WIMAX Forum are also addressing interoperability Non-PoS € PoS

issues, another indication of the high level okiast in 2y ("‘P°S//VA\
this topic. Up to now, both groups focus on theivno
solutions to address the issues at hand and hence
compromising any possibility for seamless interatti
with forthcoming access technologies. Recentlyugfm
standardization bodies have started to change their
approach for inter-technology handovers, evaluatimg
impact of IEEE 802.21 within their respective

. MN €2 PoS
architectures. g R

| il MIH PoA

MIIS Server
MiH Non-pos MH FoS

IEEE 802
Operator A Home
Core Network

In what concerns European funded projects, the Aarmibi
Networks [8] has defined a novel trigger-based
architecture for handover optimization [9]. Intdieg
results are presented, demonstrating a Host Igentit
Protocol (HIP) [10] handover between Ethernet and W A7 s

Fi. For mobile networks, the DAIDALOS project [11] 7 MIH PoA

caters for next generation environments, where the MIH in a heterogeneous access network
seamless integration of heterogeneous network

technologies is envisaged. The IEEE 802.21 platfegm

considered as the means to implement protocol tipasa  |EEE 802.21 introduces a new entity called MIH Rigrc
for seamless handovers, and further extended tposup (MIHF), which hides the specificities of differelimk layer
QoS provisioning along heterogeneous access neswork technologies from the higher layer mobility enstieSev-

[12]. However, results are yet to be presented dsaess eral higher layer entities, known as MIH Users .(M"ﬁ .
the feasibility and efficiency of the approach. can take advantage of the MIH framework, including

mobility management protocols, such as FMIPv6 [5],
Due to the relevance of mobility interoperabilityfuture ~ Proxy Mobile IPv6 (PMIPV6) [16] and Session Initiet
networks, a significant amount of related work haen  Protocol (SIP) [17], as well as the other mobititgcision
published by the academic community as well. Ir] Hr&l algorithms. In order to detect, prepare and exed:lnﬁag
[14], vertical handover schemes based on IEEE 80&@ handovers, the MIH platform provides three services

ted. N thel both s lack it Media Independent Event Service (MIES), Media
presented. NEvertheless, Loth proposals fac ora Independent Command Service (MICS) and Media Inde-
between the MIH framework and the access technedogi

i pendent Information Service (MIIS). MIES providesest
QoS specificities. Furthermore, performance reporting such as dynamic changes in link conditidimk
measurements are not given. In [15], a verticadbear  status and link quality. Multiple higher layer ¢ie may
scheme between UMTS and WIMAX, employing the be interested in these events at the same timéhese
802.21 framework, is proposed. To guarantee serviceevents may need to be sent to multiple destinatieihSS

continuity, the authors define a new message foilEEE ~ enables MIHUs to control the physical, data linkdan
logical link layer. The higher layers may utilizel®&5 to

MIIS Server

IH Non-PoS Mifi PoS
3GPP

Operator B Visited

Core Network
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SIP PMIP FMIP
((Ls X . X % IV. PROPOSEDHANDOVER SCHEME BASED ONEMIH
i Commands Inﬁon e In the previous section, the basic functionalitddEEE
Events Services Remote MIH T 802.21 have been presented, as well as the enhantem
U {} ~~ y I provided by the proposed eMIH framework. In thig-se
L2.5 MIHF QoS Provisioning MIHE tion we demonstrate a practical use case of theHEMI
( = )( ies )( I ) ; involving a handover from Wi-Fi to WiIMAX. Fig. 3
{} = N MIH_NET_SAP T presents the hgndpver signaling diagram, includiney
= Commands  nformation MIH_LINK_SAP EM_II_-| communication betwee_n the involved network
Events {} <> entities, as well as the WiMAX QoS management
L2 TS messages. The_ presgnted handover scenario |_nvalves
[ “ j multimode terminal, with support for Wi-Fi and WiN\
Wireless Access Technologies an eMIHF PoS for Wi-Fi and WiMAX, and the MIIS

Figure 1. Enhanced Media Independent Handover Framework Server. As depicted in Fig. 3, the handover protesplit
into four phases: initiation, preparation, executiand

determine the status of links and/or control a mMdde completion.

terminal. Furthermore, MICS may also enable MIHUs t
facilitate optional handover policies. Events and/o Initially, the terminal exchanges data via Wi-Fiurihg
Commands can be sent to MIHUs within the same pobto  the HO Initiation Phase the Wi-Fi PoS configures the
stack (local) or to MIHUs located in a peer enfigmote).  ji-Fi interface of the multimode terminal (Fig. &ep 1)
Finally, MIIS provides a framework by which a MIHF it the set of QoS parameters required for theFilink
located at the MS or at the network side may discewd (MIH_Link_ Configure Thresholds). As a result, the Wi-

obtain network information within a geographicataro . : e : ;
facilitate handovers. The objective is to acquirgl@bal Fi interface will periodically notify the registateMIHUs

view of all the heterogeneous networks in the areader ~ aP0Ut its QoS parameters, with
optimize seamless handovers when roaming acrose the MIH_Link Parameters Report events. Besides these
networks. periodical notifications, the Wi-Fi interface trigig this

Fig. 2 illustrates our proposed enhanced MIH Fraotkw event if the configured thresholds are crossedaedno
(eMIHF), which is based on IEEE 802.21. eMIHF erten longer satisfied by the wireless interface. Another
IEEE 802.21 by allowing for provisioning QoS reste8  possibility is to trigger thé/IH_Link_Going_Down event

in the target radio access technologlesng the handover  when the air link conditions start degrading, andsi
preparation phase. ~Moreover, eMIHF integrates thepegictable that within a certain period of timee th
specific mobility processes of the access technetoRe- connection will be lost. With this procedure, btghminal

source provisioning is integrated within the eMIg&ery L S )
resources phase. In other words, when the resoafdée an_d '_‘E:‘“’VO”‘ entities h"?“’e suff|_C|ent mform atioroabthe
Wi-Fi interface status in real time and, if necegsaan

available access technologies are queried, theyabie X . o
provisioned, ensuring their availability for future trigger the HO preparation phase before the Wikfk |
activation. Instead of defining additional messagesr ~ goes down (2). Both mobile-initiated and network-
solution proposes modifications to the initiated handovers are supported using this meshan
MIH_MN_HO_Candidate Query.Reg/Resp and

MIH_N2N HO_Query Resources.Reg/Resp MIH

messages, used to query the resources of the trgess

technologies. Therefore, we rename the correspgndin

messages t&MIH_MN _HO_ Candidate Query.Req/Resp

and EMIH_N2N_HO Query  Resources.Reg/Resp,

respectively, and add three new fields. The

query/provision field in query request messages indicates

whether the resources should be only queried, tinef

should be queried and provisioned. Tfr@vison_timer

field in the query request messages indicatesrttouat of

time that the resources should be provisioned @i @me

of the target access technologies. Finally, the

provision_result field in the response query messages indi-

cates if resource provisioning in the target accesa/ork

was successful or not. In terms of mobility managetn

we integrate the specific technologies mobility qasses.

In this paper we present the integration of WiMAKda

Wi-Fi with IEEE 802.21 enabling support for inter-

technology handovers, as explained next.
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Wi-Fi WIiMAX WIMAX PoS  Wi-Fi PoS MIIS Server
Data

) e N

MIH_Link_Configure_Thresholds.Req

)

Wi-Fi driver configuration with the appropriate QoS
thresholds

(1

MIH_Link_|Configure_Thresholds.Cnf

MIH_Link_|Parameters_Report.Ind
Link_Going_Dawn.Ind

aseyd uoneniu] OH

MIH.
<2 Wi-Fi QoS thresholds have been achieved; Start HO
preparation phase

\_/
)

MIH_Get_Information.Req

Query MIIS Server about candidate access technologies
G for HO

MIH_Get_Infgrmation.Resp

(4 MIIS Server indicates that a WiMAX network is available J

EMIH_MN_HO_Candidate| Query.Req
EMIH_N2N_HO_Query_Resources.Req

29BUBI| 141N

Query & Provision the QoS resources in the candidate
WIMAX network (provision WiMAX Service Flows)

1
) DSA-Req
| DSA-Resp
 DSA-Ack_

EMIH_N2N_|HO_Query_Resources.Resp
EMIH_MN_KHO_Candidate_|Query.Resp

WIMAX QoS Resources
Provisioning

aseld uonesedaid OH

MIH_MN_HO_Commit.Req
MIH_N2N_HO_Commit.Req

(7 Activate QoS resources in the selected WIMAX network
(activate WiMAX Service Flows)

) DSC-Req
()= DSCResp |
 DSC-Ack_

MIH_N2N_HO_Cominit.Resp
MIH_MN_{HO_Commit.Resp

WIMAX QoS Resources
Activation

®

WIMAX connectivity establishment

HO Execution Phase
IP mobility management procedures

Data

& N

MN_HO_Complete.Req
MIH_N2N_HO_Complete.Req

MIH]

1_@ Release QoS resources in the Wi-Fi access network )
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o
(<)
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o
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MIH_N2N_HO_Complete.Resp

MIH|MN_HO_Complete.Resp

A
Wi-Fi to WIMAX handover signaling diagram basedE&IH

In the beginning of thedO Preparation Phase the
terminal queries the MIIS ServeM(H_Get_|nformation)
(3) for available access technologies in the sundling
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WIMAX network about the available resources, and
subsequently activate these resources. Neverthelassg
the time interval between the resources queryirythair
activation, the network conditions might change aadi
resources may no longer be available. Thereforas it
essential to provision the required QoS resourpethé
WIMAX access network prior to their activation. Theo-
posed framework solves this problem by allowing the
target access network to provision the QoS ressurce
during the query process
(EMIH_MN_HO_Candidate Query and EMIH_
N2N_HO_Query Resources) (5). To provision the QoS re-
sources in the WiMAX segment, the WiMAX Base Statio
translates the EMIH QoS parameters to the specific
WIMAX QoS parameters and thereafter triggers the
Dynamic Service Addition (DSA) WIMAX MAC
management messages [4], thdD8\-Reqg/Resp/Ack (Fig.
3; step 6).

When the provision process is completed succegsfull
the mobility decision algorithm selects the tamgetwork
(in this case WIMAX) and initiates the resourcesivac
tion phase MIIH * HO_ Commit) (7). During this
process, theDynamic Service Change (DSC) WIMAX
MAC management messages are used [BSCt
Reg/Resp/Ack) to activate the previously provisioned QoS
resources (8).

After the resource activation is completed, thenteal
starts theHO Execution Phase This implies the physical
handover from Wi-Fi to WIMAX, as well as the mobjli
management procedures at the IP level (9). Findbya
starts flowing through the WiMAX air link and thdO
Completion Phaseis triggered. During this phase, the
resources allocated in the previous radio accedmod-
ogy (Wi-Fi) are released|H_* HO_Complete) (10).

V. EVALUATION

In order to evaluate eMIHF, we revisit the scenario
illustrated Fig. 1. In this paper we focus on a @b
initiated handover from Wi-Fi to WIMAX and evaluate
the efficiency of the proposed framework in ternfs o
handover delays and packet loss. The scenarioviesol
several “background” users, which are distributedhe
Wi-Fi and WIMAX access networks, each generating
background flows with variable data rates betwe28 1
kb/s and 512 kb/s. Similarly, the multimode ternhihas

an ongoing data flow of 512 kb/s and uses the most
commonly used MTU size of 1500 bytes.

The NIST mobility package [18] for the ns-2 simidat
platform [2] provides handover support in heteragars
environments. Nevertheless, this package lacks lla fu
implementation of the IEEE 802.21 MIH framework.
Therefore, one of the main challenges in our wods 0
implement the IEEE 802.21 EMIH framework, extending
version 9 of the IEEE 802.21 MIH platform, for the-2

geographical area. The MIIS Server indicates that aenyironment. In order to have a reference pointésuilts

WIMAX network is available (4) and, as a resulteth
terminal activates the WiMAX interface. After detieg a
neighbor WiMAX network, the terminal must query the

comparison, we provide the measurements obtaingd wi
the proposed framework as it is currently impleradnn
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ns-2, as well as with the NIST mobility package.the handover delay, which is the duration from the tithat
following figures, the presented values represerg t the last packet is received at the Wi-Fi interfacél the

average of ten independent runs in the ns-2 siowlat first packet is received on the WIMAX interface.
Background flows with data rates of 128 kb/s andl Kd/s

Fig. 4 depicts the time required for the handover have been used for 1, 2 and 5 (m/s) speeds. Thiohan
preparation phase. The multimode terminal speetwar delay has a minimum of 45 ms without backgroundsjse
between 1, 2 and 5 m/s, maintaining always the statee ~ and a maximum of 120 ms for 10 users. We can a&sfyv
rate for the background traffic (128 kb/s). The dmrer ~ from Fig. 5 that the maximum handover delays are

preparation phase comprises the time interval kenvige ~ Observed when the multimode terminal roams at fighe
MIH_Link Going Down event and theMIH_MN_HO velocities. Th|_s behavior |s_due_to the time reqdl!rto
ComBIeteﬁ%p rﬁessage (see Fig. 3) iﬁdicz;ting_the perform ranging and registration procedures in the
: . Ch ) WIMAX technology, which increases significantly for

sgccessful resource a\_ctlvatlon conclusion. As sf_mwn higher mobility speeds. We also notice that, ugudhe
Fig. 4, the time required for the handover prepamat pandover delay is improved in our proposed eMIH
phase does increase when the number of backgrasrd u  framework.

increases from none to 10, but not significantly. Finally, Fig. 6 presents the packet loss during the
Moreover, the user speed does not have a detrimentahandover execution phase. Clearly, since the WiMiK
effect, at least for this level of velocity. Withtou has the required QoS resources already allocatetthe
background users, the required time for the HO Packets are buffered during the handover exectioe,

preparation phase is approximately 51 ms, wheretis w W€ observe no packet loss for eMIHF, the approach

ten background users, the HO preparation phases takeproposed in this paper. On the other hand, deshge
around 5% ms, a slight increase %f Ioess thanp4cpat packets are also buffered for the NIST approadh,QnS .
Recall th h’ NIST bil K d 'dél resources have not been previously allocated, which
ecall that the mobliity package does notu creates packet losses in the order 30% to 80% én th

the handover preparation phase, and as such iDtis n pangover period. Therefore, the resources must be

presented in Fig. 4. allocated after the handover execution implyingkeatoss
during this period.
53,5 80
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VI. CONCLUSION AND FUTURE WORK

Due to the advent of a wide range of novel radiceas
technologies, novel mechanisms must be developed to
ensure seamless mobility for the users. This paper
presented an enhanced version of the IEEE 802.24, Ml
called eMIHF, which addresses seamless mobility in
heterogeneous environments. Our proposed framework
extends the soon to be ratified IEEE 802.21 stahtbgr
providing the capability to provision QoS resourgeshe
target network during the handover preparation @hasd
0 2 4 6 8 10 integrating the mobility process of the several
Number of Users technologies with IEEE 802.21.
Handover delay

—*—NIST; 1ms; 128kbps
—8— NIST; 1ms; 512kbps

©
o

—+—NIST; 2ms; 128kbps
——NIST; 5ms; 128kbps

@
o

Handover Delay (ms)
g 3

a
o

N
o

To evaluate the EMIH framework, an implementatidn o
Fig. 5 illustrates the execution phase of the hmedo the IEEE 802.21 EMIH platform has been made for the

from Wi-Fi to WIMAX. Basically, it represents the Simulation platform ns-2. Our results show thathaligh
the eMIHF approach requires a preparation phaserdef
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the handover is executed, it provides a mobilitiutson

without packet loss and with minimum handover delay
independen

Moreover, it enables the seamless and
support of mobility between heterogeneous networks.

In the near future, we will focus on the standaaton of
the proposed EMIH, as well as on its integratiothwi
existing access technologies. Most likely, the degnwill
involve enhancing existing media-specific serviceess
points, and integrating other technologies, suclb¥8
and UMTS.
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