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Abstract The problem of efficient use of resources in wireless access networks becomes critical today withntiseisusxpecting
highspeed network access. While access network capacity continues to increase, simultaneous operation of nsultiple wi
networks presents an opportunity to increase the data rates availsdte evemdurther using intelligerinetass’k resource
sharing. This paper introduces a new Integrated Mobility and Resource Management (IMRM) frameworkidar afutomatic
policies for cresstwork resource sharing using traffic offload-emgtipee resource reservation algorithms. The presentec
framework enables both mioltieted and netwaoritiated resource sharing policies to be executed. This gatsethpres
framework in detail and analyses its performance using eftsimnations of the operation of a set of static policies based ¢
measured signal strength, and dynararopiiee netwadrktiated policies in a WiFi/'WiIMAX scenario. ildtk edetimation of the
static policies clearly shows that the quality of voice applications shows large deviation, mostly due I ofedeldiffénent leve
access networks. Based on these conclusions, this paper presents a design of twolivése dymhstiows that such policies,
when efficiently implemented using the new IMRM framework can greattppagtpiehtretwork to serve voice traffiawith
minimal impact on the data traffiidnaery low signalling overhead.

Keywords Mobility management, Resource managdameiutyers, VolReterogeneous Netwagkslity of Service

1. Introduction way, the intelligent management of Iihftoesietwork can

be leveraged by network operators firstly to provide a bette
Providing continuous increased level of qualityeofoservic service for prioritised applications or for prioritised MN in ords
nexigeneration network applicatioi®duces numerous  to increase attractiveness of own networks for customers
technicalhallenges. One of the most challenging problems iSecondly, by using additional Ahk iegionswith higher
the optimal use of matdrface terminals, which are typically traffic demand network operators can increase the overa
able to simultaneously support connections to more than oregpacity of their networks in a fast way.
wireless network. Optimal selection of the network by these Redistribution of user traffic between available access
terminals is notlpran optimization probleinrequires a nodes can be implemented by using vertical handovers enablir
comprehensive, integrated solution for the management tdndover of establish#el flows belonging to different
terminal mobility, network resources and vertical hamdoversapplications between different NICs of the mobile node. Th
addition to the simple increase in the bandwidth when sevei@lowing three issues must be solved for this purpose: (1) |
access networks are presént possible to improve the transport: flow based rholtiing support enabling
overall capacity of the network by developing intelligent waysitoultaneous usage of multiple NIC on MN fowinditik
share and use the access capacity. (DL) and uplink (UL) IP fl¢@)sLogic for vertical handovers:

A typical architecture of a converged access networslgorithms for taking handover decisions which are used t
consists of a numbsr heterogeneous Access Nodes (AN) initiate reonfiguration of the flow paths through the network for
connected to tlwdre network via an Edge R@HR) In diverse applications; (3) Implementation schemewarlra
general, terminal devices equipped with rhldtiptek comprising a set of additional entities and functions which ca
Interface CardNlI(®)are used by today's subscribers. Using be implemented in the network in order to implement and t
such devices makes it possible to use the most suited accessecute different handover algorithms.
network in every particular docafithe MN. If multiple NICs This paper provides an integrated solution for these three
available on the mobile node can be used simultaneouslypeblems. The paper presents a new framework which we ce
much better quality will be provided by sharing the resourcesh# Integrated Mobility and Resource Management (IMRM]
different ANs available for the communication. The possibilityffameworkihe main goal of the frawond is to support any
seamless handovers of MN's IP lislween available NICs  generaliserinitiated network selection, and at the same time to
can be used to increase the overall capacity in the network aupport any netwonrkiated vertical handoVke landover is
to offer a better performance for subscribers by unloadingrtical when the network node changes the type of connectivi
selected access nodes as shown in a simple reference scendrioommunicates to the network wittexBmple, if a two
in Figrel. interface terminal with a WiFi and a WIMAX interface change
Assuming ANprovides a betterngee than ANnetwork from sending packets using a WiFi interface to sending packe
operator can manage the network configuration so that iRing a WIMAX interface, we consider that handover to be
packets of a prioritised applicatiorV@R). are transmitted vertical. Horizontal handover is the change between
using ANwhile the bestfort traffic is sent using. ANthis canmunicating interfaces when these belong to the same



networking standard. For example, a handover between taigorithm as a Bayesian game,dedngi users to be of
communicating base stations because of user mobility k®unded rationality. Recent research also addresses the
considered to be a horizontal handover. problem of vertical handdned] the authoeddress a tightly
coupled interworking architeahdedevelop seamless and
AN proactive viizal handoff scheme. Their scheecetex a
IP based ot proactive hand¢dfusedriven handoff). This work is similar to
heterogeneous ) 90% ours, as the authors develepvork condition detection
access load algorithms for stations to estimate the available bandwidth ar
el the packet delay of WiM#¥ WLAN networks. They also
devdop algorithms to estimate the available bandwidth and
eﬁ;giﬁon packet delay in WiMAX and WLAN. Howevpapéhe
provideso architectural soluticared neglects a number of
implementation issues which are described in detail in ou
@ paper.While several large HEkbsearch projects develop

network architecture frameworks for vertical handovers, there
a large body of research work which formulates vertica

Mobile nodes . . L
with A" and ,B* NICs handover decision mechanisms as optimisation problems
Figurel. Exploitation of heterogeneous Access Nodes resise Paper[9 compares the performance of four suchl vertic
network capacity and to avoid overloads handover decision algorithms, which allow different performanc

attributes (e.g. bandwidth, delay, packet loss, cost) to be

Network selection in heterogeneous wireledss restwor included in the vertical handover decision process. In this an
be categorized into two general approaches:dnesvoand similar comparison analyses, algorithms are typically evaluate
userdriven. The netwdriven approach is typical for a tightly using numerical methods, with algorithms and games showin
integrated environment in which a central management entitgliiferent levels of convergence and performance. While thi
responsible for the distribution of traffic amongeske acc work is essential for the development of intelligent networ
networks. In the udewen selection the user terminals are selection algorithms, it typically abstracts completely from th
expected to make network selection decesxpiisitly implementati details, ignoring often the origins of network
intitiated by the usBne netwoikitiated handover is typically dynamics and its impact on application perfokothocs of
defined as action taken in the network to initiate the handoy2r] address this lack of implementation details, investigating tf
based on either: (1) radio link quality (e.gl signal strengt§ RWHQWLDO pLQHWJUDWLRQ JDLQT W
signatonoise ratio), (2) introduction to the network of nevsharinghe resources of-located WiMAX and WiFi access
network devices; or new service requirements; (3) evermstworks. Their work is similar to ours, although the provide &
generated in the network (e.g. resource management, locatiowersimplification of the I&/énplementation details.
based optinaition). A significant amount of work has been done to standardis

The main contribution of this research is the developmenttbé network architeeuirameworks for qudlaged vertical
a system that can provide full support (both logical design dmhdover support. One of the best known and importan
layer2 implementation) for intelligent:a@m® network systems designed to enablea@@®e handover decisions is
selection and vertical handovers for terminal with maultiple NIhe IEEE802.21 standaffl The main idea of IEEE802.21 is
The framework supports a new layer 2 transport mobilitg provide mediadependent framework asdociated
solution which is designed to erssdge omore than one of services to enable seamless handovers between heterogeneot
the networikterfaces simultaneouslyhforsame destination access networks. IEEE802.21 does not specify any mobilit
IP address, whichis @RVVLEOH XVLQJ WR G D \fiahagererk bhn€chanBnas Rihich should be used to execut
IP routig. transport mobility, however. Rather, it provides tools tc

The IMRM framework consists of a set of functions needegchange eveninformation and commands in order to initiate
to take handover decisions. As it will be explained in more ddtaihdover execution that can be done using some handove
in the paper, these functions perform flow selection, netwarkecution protocol. On the basis of this, solutions for vertice
(access node) selection and the timing of the potentilndover management can be devidapgdli][1R

handover. One of the main problems oBIEEEL specification is the
There is a significant body of research work dedicated tack of clarity about the initiation point of the vertical handove

vertical handovers arabitity management (see € and The lack of the required level of QoS support or low availabl

references withibJost often the focus is onuediven capacity in a candidate access network may lead the networ

network selection process, and on the developmétit of  selecting entity to prevent a pldmrelover. The IEEE802.21

attribute dead® making algorithms, which use different modelstandard provides methods for continuous network performant
of cost or utility to develop optimal resource managememionitoring. The standard does not, however, specify any
algorithms across different networks. Examples of suchethods for collecting the dynamic information about the

analyses can be founf2-r]. Whild2] and[3] consider static network performance at the link layer. It spedfidal ess
environmentgl] and 9] analyse the dynamics of the networks highefayer mechanisms to gather all necessary information
and the dynamics of the obtained userantili§y and 7] required for an affiliation with a new access point before

present examplestiod studies of theser preference related  breaking up the currently used connection. For this reason,
metrics.In addition[5] formulate the network selection number of related works simply use the received signal streng



[12] as indication for an imminent handover. Therefore, the The architecture of the IMRM framework is presented ir
802.21 standard specifies the use of the -redaisutk figure 2. Tharchitectureonsists of a number of functions
information but does not specify whialgdinkiformation will which are specifigalesigned to perform actions required for
be collected and how. One of the main contributions of thdelligent execution of vertical handdlaer€onnectivity
framework presedtin this paper will be to cover this missing Observation Functi@®®g and thé.ocation Tracking Function
part of the network infrastructure, as our framework specifiegLilifj are used to determine the location of an MN within the
detail how the quality of a network connections can haeetwork. This is necessaigentify which AN may be used to
controlled. communicate wiah MN. The COF observes the connectivity
This paper addresses some of the shortcothiagarcént status of particular NIC of an MN. Addittemali@F sends
research worky bproviding the following contribution: (1) to the LTF the information about the quality of the access lin
Design of the management framework for adaptivdjetween the AN and the MN. Thiscéssary to predict
selforganized mobility and resource management systerpossible quality of sereiedP level for a particular MN. The
capable of: (a) solving the challenges of traffic distributi@OF informs the LTF about the link quality opatification.
presented above, and (b) supporting badtkingtated and Since the AN is the first network element learning abou
userinitiated vertical handagv@)®etailed simulation analysis  connectioaf a NIC to the network and the s laibout the
to identify critical quality parameters which should be used liok quality established with every NIC, the COF is proposed f
efficient network selection in WiFi/WIMAX ;sa@)ario  be located in Ad$ shown in Fig@teThe LTF is a database

Development of custoade dynamic netwsgletionpolicy containing information about connetaivisyof all online NIC
for WIiFi/WIMAX scenario to justify the use of the newonnected to the network. The LTF gets inférona@iQi-
framework. on all ABlin the network. Thus, it is feasible to implement the

The rest of this paper is organised as follows. Section LZTF in a centratwork entity able to communicate with every
defines the architecture and the operation of the IMRMKN in the network. A signafliegsage ICI is introduced to
framework in det&eéction 3 explains tperation of IMRM transmit the required information from the CQFFo the
franework for netwankiated handovers. Sectiotrdduces

the observed network scenario, the simulation environment a @adﬁﬁﬁf{:@
the performance parameters used for performance evaluatic-—-—----ZZooooooooooooos et
. . . |
Sectiorb presents the discussion of the performance of the Edge Router | Mobilty Managerment Farelover o
IMRM framewor Firstly, the operation of static network | ®® naine (MME) Functon (8F) || puncton 7 |
selection policies are discussed. The results show interesti| } I
. . . . . . Operations Vertical Handover Handover Location I
deviation in the VoIP performance due to significant differeng | ool |« Execution Function [«—|  Iniiation _ |«-»{ _ Tracking [ |
. . . | flows (VHEF) Function (HIF) Function (LTF) |
in the experienced delay leveled Basthis, two new network | — Ty |
selection policieseadesiged and implemented in the  “---p------- Lt ELECELEEL EEE L
simulator. Simulation results show significant improvement  —— {sgichrve || Flow Guelty indostion (FQI) || Indlemtion i) _
terms of the performance of both voice and data traffic wh{ | | Qu!]ty
Observation

dynamic policies are used. The paper is concludedén Section;
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It is important to stress that the presented solution does not

concentrate on horizontal handovers which can be performed by Figure2 Architecture of the IMRM framework
the mobile nodes using embedded mechanisms of particular _
access techno]ogies_ A function executing hberndotaers Forthe netwostontrolled PMIRv&sed horizontal handovers

is, however, assumed in the defined framework. For tH¥ modificatiosbouldbe performed for outgoing uplink flows
handover execution, PMIPv6 based approach is assumed tohgédled by a mobile node. Thisceuse the destinatl®
implemented in the network. Alternatively, other solutions cgiress for the outgoing packets must not be thdeeghd.

be used instead of PMIPv6. For the support of multi interfa@@ditional operations must be performed for downlink flow

mobi nodes, PMIPv6 extensions[1&eor [14 can be targeted to thmobile node because the access node used for
applied. data transfer changes. A RBEsage is usedtlus purpose

The framework is presented in detail in this section. Tt spefied in [I5A PBU message is generatesh byN .
performance pérticulapolicies is then analysed in detail in When it detects a new connected NIC. We introduce the functic
the remainder of the paper. generatin’BU messages Bwrizontal Handover Execution
For the successful integration of resanttemobility FunctiorhHER. As the COF detects connection of new NIC to

management in heterogeneous networks, the followinyN, the COs also usedbr triggering the execution of a
information and functionality is required: (1) location of molifizontal handover using hHEF.

nodes (MN); (2) monitoring of the quality of service (QoS); (3) To select a flow for a vertical handover, the network must b
flow section for vertical handovers; (4) vertical handovepble to know abailit established IP flows in the network. We
execution mechanisms. This section describes how the néWroduce tHelow Tracking Functi®ff{ that can track & |

IMRM framework deals with each of the four functionalities. flows handled by MN in the nethoelTF represents a
dynamic database whereinf@mation about all flows of a



particulaMNas well as their assignment to parhidGland Applying a handovaterthe HIF can initiate a vertical
AN is stored. Having the information about every flow, thendover following the receipt of a triggering message FQI fro
network cankahandover decisions for each of them. As everythe QOF. Such handovers can be considerescuas

flow in the considered access neawdhritecture passes handovers. Regarding the QoS issues, they have only to b
through thedgeRouter (ER]it is beneficial to implement the performed if the quality provided for tesguli@pplication of

FTF in the ERlo define the moment of time when a verticalMN decreases below a defined \@&lu©therwise such
handover must be initiateepropose to observe the QoS handovers are not necessary. For a vertical handover som
level offered for prioritised applications or MN. operations either for downlink or for uplink flow or for the flows

TheQuality Observation Func@@iy(is responsible for both directions must be performed. We intnedfuoection
the observation of the quality provided for differenTHe flows. executing vertical handoverseatical Handover Execution
QOFis able to detect the reduction of tliy gtfared either FunctionvHER. As the ER is the crossover point for downlink
for a prioritised netwapplication like VoIP, IPTV or for a flows in the considered network architecture, handover
prioritised MN. As an AN or its RNC @&blentg determine execution for downlink flows is limited to the modification c
whether it can support the demanded quality for a MN, the Qfaiwarding rules for downlink IP packets in the ER. VHEF i:
isproposed to be locatethé@AN. therefore also loeat on R. Since it is triggered by the HIF,

To define ¢hmoment of time when a vertical handoverthe vHEF is also installed on the ER. The operations for thi
must be initiated, we propose to observe the QoS level offedmlvnlink flows performed within the ER are internal syster
for prioritised applications or MN. The QOF is responsible fmmmands. Foplink flows, currently proprietary solutions like
the observation of the quality provided for different IP floW&0] can be used, e.g. using an ICMPv6 message. Upon
QOF is able to deteet teduction of the quality offered either reception of ICMPv6 message the flow based routing table o
for a prioritised network application likelRMTV or for a MN will be modified and another NIC will then be used for Il
prioritised MN. The focus of the QoS awareness consideredpackets after handover.
this paper is on the access limkebptthe network and the
MN As an AN or its RNC iy able to determine whether it
can support the demandeditguior a MN, the Q@F 4. Operation of IMRM framework for netvimitiated
proposed to be located in AN. handovers

The Handover Initiation Functidk) (is the central
element in the IMRM framework that performs decisions ab®te IMRM framework presented in this paper is designed t
vertical handovers upoggering messages from QOF. To manage both useitiated and netwnikiated handovers. To
initiate an observation process on the AN, OSR messageinvestigate the performance of the framework in more detail,
used. Using this message the HIF informs the QOF which Qb8 remirat of the paper the focus will be on the network
related paramet8'must be observed on the appropriate AN initiated handovers. One of the reasons for this is the need t
as well as threshold val@gsefining when the QOF has to investigate a range of network selection rules. We are intereste
inform the HIF about quality modification. A new signallinginvestigating different network selection rules to understand
message FQI is introduced to be used for sending the observedre deththe bottlenecks for QoS delivery for the multiservice
guality3'to theHIF. Tareby a unique identifier of an IP flow or voicevideedata traffic which is typical for the next generation
of an application (a group of IP flows belonging to the samireless networks. With this in mind, in the remainder of th
application) whose quality has been changed is sent to the Higper we will focus on two main types of handover rules whic
To be able to perform handover decisions, the information abcan be sred inside the Handover Rules Function (HRF). As
the flows handled in tledwork must firstly be known to the described in secti@nthese are the rules that can initiate
HIF. For this purpose the ddifimunicates with the .FTF  rescue handovers upon triggers from the QOF. The two mai
Furthermore, te hble to select the target AN for the handovertypes of handover rules can be defined as:
the Himas tdknow, to which &Mery flow in thewetk may

be handed off. The HIF comnesigdth the LTBr this xStatic rules mean that only the Qo&l rigiiirmation
purpose. A handover algorithm defimes<actly a flow and a from the COF (e.g. RSS of an access link) is considerec
new ANmust be selected for the handover. It also defines the for the selection of the AN for MN. It means, the
typeof theQoS parameter for the observatemwell as the dynamically changing information about the QoS level or
threshold value3; TheHandover (Res FunctiotRE is AN is not considered thereafter. Static rules are therefore

introduced to store different handover rules. It is important to used as static sefien policies to chooseNhe used

stress here that there is no limitation in terms of the handover on MN by default for all IP flows if multiple NIC on MN ar¢
policy that can be applied, i.e. the function can handle any online.

general rule, and the framework carorhezgécute any xDynamic rules mean that the dynamically changing QoS
general rule for vertical handover and/or network selection. information from the QOF is considered in order to initiate
Different handover rules can then be selected or modified by the rescue handovers. Dynamic handteerhave to be
network administrator. To avoid additional overhead for the applied in the network to implement intédapbnt
information exchange betw#ién HRF, LTF and FThs it balancingTwo new dynanmigles are elaborated in
beneficial to install all of them in the same network element. As sectiorb to improve the performance providédifor

the FTF is installed in the ER, all these functions are also and HTTP applications in the nefwerklynamic rules
implemented in the ER. The set of all functions located in the also include the traffftoading mechanisms, which are
ER is called MME shown in Figure 2. used to redirect traffic belonging to a particular flow (or
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u F O Bvdisey/ video / data), in order to maximise thepresent resource management policies aimed at increasing tf
performance gain for the integrated network. capacity of a heterogeneous network to satisfy QoS
requirements for an increased numbéolPfcalls, with
In the remainder of the paper we will investigatetlie detail minimum effect on the tatsed HTTP and FTP connections.
performance of static and dymastarcenanagement rules. This section will give detailed explanation of the network
We will first use the static rules to understand better the matenario, traffic modelling sintllation used to test the
performance parameters that need to be monitored araperation of the p@s and the frameworkl simulations
measured in order to developophimal dynamic policies. have beeperformed using the2nmsetwork simulator.
Following thiwe will define the dynamic policies and the traffic
offload policy to implement these and dbiailed 3.2.1.Network Scenario
performance results.
The reference network scenario used in the performed
3.1 Static Network Selection simulations is shown inifei4. We consider a scenario where
mobile terminalsvleaa choice between a WIMAX access
Static network selection refers to the traditional process métwork and a WiFi access netwdoiMAX access node
QHWZRUN VHO PR ghd oferdlirig GydBtefy  working in the PeimMultipoint (PMP) mode. A smaller
the selection of the network interface fodetfhalt coverage area of theFWAN is overlapped by a bigger
communication is done based either on the interface prioritycoverage area of the WiMAX AN providing diffetlatibmod
using a stataonfiguration manually performed by the user. Théechniques for MBpending on the quality of wireless channel.
type of the network interfacetsucdpaltieés are usually not
considered by the operating system. Such network selecti
process takes no account of the dynamics of the netwo
environmenWe canidentify two traditional static network
selection processes: random network seladtioetwork
sdection based on the received signal strength (RSS).
In theeandom selection policthe default network interface is
chosen at rando@nce chosen, a single NIC on MN is used as
long as the NIC stays online. If araskNnline Nisthe £V
interface will be selected to be used by all IP floMdNof the
wherebyEL Q J E B KNI G? \ , _
If the network selection is performed basetkoeaitiee Figure3 Reference network scenario
signal strength(RSS) the choicef the network interface
depends on the signal qualigived at individual N8Z&h

VolP VolP
Server #1 Server #n

FTP FTP
Server #1 Server #n

Table 1 Simulation Parameters of WIMAX arfei ¥icess
technologie$16]

concept can be efficient especially when the network interfages, 1 oter |EEE802.1( IEEE802.1
support very differeommunication ranges. Management o Physical Laye OFDM OFDM
vertical handovers using signal strexgytteen analysed in  ["Channel Bandwidth [MHZ 7 20
great detail inhd literature (seege.[23,24,2b To Operation frequemf@Hz] | 3.5 2.4
demonstratee use dheRSSbased selection, in our analysis | Frame lengtfy 362 o 10ms
we set an RSS threshold for the dfold8MAX network Useful symbol tirég 3250
interface. Based on the operation of the PHY layer of WiN&¥Xclic prefiz 1/16
networks, we choose the RSS resulting in 16QAML/BL:UL subframe rafig. | 1:1
modulan as the thresholeh other words, calesing Fragmentation ON
network scenario in Figlref IK@ QH =B EK4:; R PLCP rate / Data rate g{l 6/54
7/1&, the WMAX NIC is used by the MN anWifRie Modulation technique Coverage radius [m]
access is used in all ottees. For the simulation analysis | {64QAM3/4, 64QAM2/3, | {352, 396, 527, 538, 60
presented in this papiie modulation schel6QAMZ/ is 16QAMS3/2, 16QAM1/2, | 770, 867, 1054}
used for7 /1 & because approx. 50% of Mith more _,gggﬁf//g}’ QPSK1/2,

LI~

efficienmodulation techniques then use the WiMAX AN w
the MNs with worse WiMAKannel conditions useFMbr

As stated above, the main objective of the simulation analysis
access

to evaluate thabiity of the IMRM framework and resource
management policies to increase cépacity of the
heterogeneous network to satisficrifodl VolP calls. In
rderto do this, two sets of simulations have been performed
he first set focusesuaderstandingethetwork performance
parameter which is critical for the indgfatdRM functions
(primarily rescue handovers). To do this, detailed analysis ¢
traditional, static access network selection policies has bee
performed. The randsatection and selentibased on the
signal strength have been analysed to aiitictifynetwork

3.2. Simulation Environment

The Integradl Resource and Mobility Management framewor
presented in the paperfar is capable of applying generic
devicanitiated or netwdmikiated policieand rules. To
illustrate the applicatadnthis concept, we will observe the
performance of the VoIRTTP, and FTRraffic in
heterogeneousetwork scenario presented ureR3g We
consider VolP traffic as -Qdfgal and ithis paper will

5



performance parameténgse parameters will then be used to with a bad quality. Thereby we consider the value MOS as tf
define more complex and more intelligent dynamic policies. lowest qualiprovided for a VolP flow:

The main IEEE802.16 and IEEE802.11 related parameters /15YL #*48F /15, 1)
used in performsitnulations are summarised in Takhe 1.
number d¥iNs connected to the netw@gkds variable: Additionally, to evaluate the VolP quality for real Internet traffi
Ogcl SxsrréstrsvisxiszAIT= the methodolodgscribed id§ is used. [22] defines that the
VolIP quality in the network is accaptbisast 98% of VolP
EachMN has a WIMAX and &FMNIC with mdioming users are served with #is&actory quality. The MD8lity

support so that a M&h comnmmicate using either of NIC or  corresponding to tBest(/15 R vaiy orHigh(/15 R
both. All MN are randomly distributetieoeerverage area of vé | ranking isonsidered as satisfactory in our evaluations. It
the WiFi AN so that they can use both accesses means a user is considered unsatistfied VolP qualigy i
simultaneouslyf. MN move, additional effects of horizontal provided to it witli 5 O vi uasdefined in [RO
handovers (for instance, scanningvfoAN) may reiyely TCP goodput is the useful bitrate produced by TCP date
impact the network performance. Then it is moreodifficult packets accepted by @P logic only. Duplicated TCP
distinguish between the impact of vertical handovers initiateghétckets are not considered by the goodpgoddpBt is
a congested netwankd the influence of effects related to calculated a$, jz L @ = Ri=where@ = Bthe numbef o
horizontal handovers. As the potntiel IMRM framework  useful bytesxtracted from all TCP data packeitseckwvithin
using dynamic handover rules is the goal for the followifige time intervalThe averageCP goodput 6fF TP flows in
evaluations, horizontal handovers are eliminated by using statis network is used to assess the averagefdhalinetwork
MN. FTP service

Both ABlare connected via an intermediate router to the The average time needed to load an HTTH {{ie
ER. For PMIRb&sednobility approach, the ER acts also as the main parameter impacting HTTP performance
LMA. The ER connected to a numb¥fot?, FTP and HTTP  experienced by network users. After the user requests
servers. All wired links in the core part of the access netw@iticular HTTP page the user wants to get its content as fast :

have the capacity of B = 10Gbit/s and the théddssaire possible.
set to be very large. Dottleneck of the whole network is To compare the performanceygicdicy =to any poliy
therefore the cajity of access links of ANs. > we use relation factors. We denote relatiorfa&ansl

The performance provided for typical services isjefine them for different services as follows:
investigated in this paper: \WWIFP and FTA.7[18 have o 6. EEP cmp . IS g o s ?S
been used to derive parameters for different traffibdypes. A AL ZEEW LﬂEQ LT;—/% B e L g ss.ss$h (2)
VoIP service is used as an example of interatitneslimul AA
traffic with higtemands on packet delay. VoIP traffic has the;
highest priority and dynamic handdesrare designed to o5
keep the VolP quality at the satisfactory level for the most users Js -~ L ! (3)
in the network. We use G.fddec without silence
suppresion to emulate theice quality typical for ISDN  Thevo|p relation facttf Qexpresses the relation between
networksHTTP based web browsing is characterised by shofhe|owest MOS values providesets with both policies. The
Sessions wh|le. a web pageeisg downloaded to the user higherlf%&the bettehe policg performs in comparison to
Initiating sessions by HTTP requeds. bas‘?d file the policy. Similarly, thETP relation factﬁﬂE%hows the
downloading is another TCP lzgg#idation that typically has factor by which teerage FTP goodput provided withbpolicy
alower _priority in the network. FTP is the best effort traffic in UL pe impved by using policyThe HTTP relation factor
evaluations, CE‘,PE shows the factor by whichHh&P opening time is
reduced when pobdg used instead of pdiicy

Network capacibgfor the traffic typas used to define
For the evaluationtbé VolP performance, thekwalin how many fiows thetraffic typk can be supported in the

Mean Opinion Scav )3 parameter [LBasbeen used. The network with a given qualityeprpl,e %éAgiefines how .
work of pCoIe and Rozgnbluth in [[119] presents a very go(gHany VolIP calls may be established in the network with thi
summary d21,22 Therein they specify how MOS can be satisfactorguality#*'85 R v u The capacity relation factor

L N O . . .
estimated using measurable nepedidemance parameters (g, ©definesthe factor by which palisypports more flows
which are packet delay and packet error rate. Hence, v the typkthan polidy.
calculate MOS for each ptatia&oIP flowsing the method - o
described in [20heaverage MOS of N VolP fis#&and 3.2.3. Performance AnalyHiStatic Policies
the standard deviation between the qudlitre=se flows . ) o
/15, are also calculated. The standard deviationisf MOS In order to define new network selection policies, the paramet
evaluated to assess the fairness of the VoIP service in the for QoS observataswell as the threshold valBgsiust

he relation factor for the capacity can be defined as:

3.2.2. Performance metrics

network. A high M&8ndard deviation indicatestt@atolP be defined. Thereafter the QOF denpleenented in AN and
quality is highly varying between difeteritows. Then even & strategy for the selection of IP flows for load baldmeing can
if *48¥is high, some VolIP flows in the network seayebe defined. For this purpose we firstly investigate the VoIP

performance using tygtatic network selection policies.



In the analysis presented in this paper, we will focus odue to the random access to the chEamA®ll and MN have
analysing the performance of static and dynamic traffic offidad same priority for channel access so that evilirgeidN st
policies, applied within the IMRM framework. We will nstfficient time to transmit its packets in uplink while the time f
compare the performance of the network deploying the IMRM packetsbecomes insufficient on AN. That is why
framework with anyent solutions (e.g. [8]), because the /4, @ .wmo,th Figre6 while/ fapy, b -1anu 0
integrated frameworks have different implementation solutioegen with a higher incoming load.
which makes any crrasnework comparison very subjective. Since both AN become overloaded in downlink with
The analysis presented here shows the performance benefiisreasing., avhile th&iMAX AN becomes overloaded also
that are possible to gain wherireedgdolicy is implemented, in uplink Wi increasing; 4, it is expectehat the VolP quality
with traffic given strict priorities and traffic offload policies stritildownlink is smaller fdtaalls in the network. Figuasd6
applied. 7 show{*{'8Pand / 1 5,, . depending on the overall incoming

For the performance analysis of the static network policigsad into theetwork ( L .5 &0 .puuln general, the
amix of VoIP and CBR flows in the network has been used\tg|P quality decreases with the incréasimging load
evaluate the perforeceof the defined stpbticies. The goal  causing the overload of both AN. As the RSS based selectio
of this traffic mix is to investigatethewquality of the policy can support a higher incoming load in the network whil
prioritised VoIP traffic reduces with slowly increasingN are not overloaded, the VolP quality using the RSS base
backgrounttaffic leading to the overload of the entire accessselection policy can be kept abeveefined threshold also

network. One VolP call is msstg every 00z L s x/0 with a higher incoming load. To understand vexaicthe
every 5 simulation seconds. At the simulatidd tiie causes for the reduced VolP qualitythe network
vrO two CBR flows with random rafes,, gL performance parametersanadysed.

QJEBKNGBtzZAW¥ zivsPG>E® one in the The measured transfer deéfagthat is the sum of the
downlink and another otleduplinidirection, are assigned to ~ dueuing and transmissielays) of VolP petkon both ANs
two random MRveryR) s L wO is shown in Figur@and9. Thresholds ftre transfer delay

To assess the expected advantage of the $8S ba R»roal r&uyand R4yl rdsrucorresponding to
selection policy, Figudeand5 show the influence of the the Best andigh VoIP rankingse also shown in these
offered Aldad L on the processed lbddhe results for the ~ figures. There are no packet lossése iused network
WIMAX AN apredictable due to the fixed separativm of ~ Scenario as result of very large bufferssoandnigh
WIMAX transport resour@@EDM symbolgvailable for the capacity backbone links. Consequently, the degradation of tt
downlink anfr the uplink transmission. The WiMAX AccessV0IP quality is impactegpdgke delay only as folldinem
Node stays in the mmerloadedtate as long as it has
sufficient OFDM symbols to $eeverhole incoming lbad The increasing incoming load leads to the increase of the
An interestingbservatiois that/ {5 5 £o@0es not stay transfer delay on batttess npde§he increasing transfer
constant when the Wi becomes overloaded, but it delay causes the decrease in the VoIP qualitandfee
slightly decreases as we can see fiam@4FTthis is due to delay for the VoIP packets ovenili@X AN with a higher
the particularities of the MAC layer of the WiMAX acceggaq idower irboth directions using the RSS based selection
technologyne synchronisation symbol issalwey during policy. The same effect can be obserad transfer delay
data transmission from an Gtvsequently, the more MN ~ OVer the Wi AN in thdownlinklirection. This is due to t_he
transmit in uplink, the more symbols are requited for factthat a lower load must be processed by-RheA\NVi
overhead due to the synchronisation and the fewer OFDMCause fewer Bdbe this ANsing the RSS based selection
symbols are availabte the useful data transmission. The Policy. The uplink transfer delay overfheé\Mgtays very
available thughput in the uplink diredtien is reduced. low and is approximately the same using both policies. This
Obviously, with an increasing load generated by every MN mBggauséhe MN\s always get sufficient time on air to transmit
MN transmit in uplink and more symbols are used for th@eir packets as disedsabove
synchronisation purpdsiditional OFDM symbols are used in ~ '° M
uplink as contention stmtsahging and bandwidth requests. 9 DLwiMax

It can clearly be seen in Figuteat a higher load is g ™~
needed to congest WEMAX AN using the RSS based
selection policy, ieE) o / By £ox This islue to the
increased average througlin th&iMAX cell as a result of
the@MOusage.

The results ftite Wi AN shown in Fig. 6 show clearly the
differences betwettre coordinated TDMA based access in
WIMAX and the uncoordinated CSM&fess inWiFi.
When théViFi AN is in the noverloaded state (i.e. when
I 84,k -Bo)othe WFi AN can serve the whole downlink
load and each MN gets suffiieatto transmit its packets in
uplink. This is because of the random accessstuutices of 0 2 |4
the WFi AN with the same priority for the Abr amel MN. ) ) _wimAx T )
Howevemvhen the saturation point is achieved, the amount ¢fi9ure 4 Effective service rate in Access Nodes when static
time used for downénkl uplink transmissions-steibuted selection policies are used WIMAX AN
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Figure 5 Effective service rate in Access Nodes when static

selection policies are used WiFi AN

The analysis of 15,..n Figure @xplains two further
important issues in referetmwethe VoIP quality in a
heterogeneous network environment. Based resultise
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Figure6 VolP quality when static selection policies are used, VolP
quality downlink

Using ) for results iRigures -8, the average VolP relation
A GO C .. (A GO C
factorgan be calculated éﬁ“;}‘gﬁfL sédlvvand LE‘L,E\ff L
s& z This means that the R&Sed selection poliay
average improves the VolP quahtpared tthe random

shown in Figuégit can be concluded that the transfer delay gejection polidgr 34:4% in downlink and for 18% in uplink.

over the WIMAXN increases ovdretthreshold for the
maximal network delay correspondingHigtihéolP quality

However, the improvement of thevallfy available with the
RSSbased seleoti policy does not mean that the VolP

(R L rdrsupwith a lower load than the transfer delay overggpice is provided for af With asatisfactory quality MOS >

theWiFi AN. Consequently, there are two groups of VolIP flowsgs.
in the networt this time. The quadityne downlink VolP ’

thisanclearljpeobservet Figures-8.

flows using the WiIMAX Ablisr than the quality provided by 45
the WFi AN. The difference in the qualftideese VolP

groups causes an increasing standard deviation of MOS. Wit
furtherincrease of the transfer delay for both AMdIEhe 35

quality reduces to 1, iELBheod I8y, b s

1154 cqver all VoIP flows in the network is then rEdeced.
explanation for the increased and constant MOS standaw 25
deviation iaplinkis the same. The quality provided for uplink = ,
VoIP flows via tiiéMAX AN becomesry bad with a higher

load whileiplinkVolP flows using theFWAN experience a 1.5 r
very low transfer delay so that their qualith isetter 1| T MoSavg
Another important fact becomes clear analysing results ! ; mggat"d%

—_— g

the RS®ased selection policfgure 8 The transfer delay
over both AN increases overR L rdsruO with
approknatelyequalincoming loatHoweverjt can be seen
from the result on Figariatthe MOS standard deviation

0

MOS=4.03

~o-MOS.std"5® ]
5 10
L, [Mbit/s]
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Figure7 VolP quality when static selection policies are used, VolP

using the RSS based selection policy is higher than in the casgaiy uplink

of the randoselection policy. This is due tordperties of

the IEEE 802.16 MAhen the WIMAX AN approaches its
overload, MNusing inefficient modulatechniques get
insufficient OFDM symbols for the transmission of their packets
within a single MAC frame. However, all packets of MN using
efficiat modulationsan still be transmitted within a single
frame. Consequently, the packets of theifgNe.g. BPSK
modulation are transmitted using multiple MAC frames using the
fragmentation option of the IEEE 802.16 MAC. As the frame
length used in siations isGy35ad SrlQ the transfer

delay for such MN increases significantlthearidolP
performance provided for such MN is much lower than the
performancexperienced by MN with efficient modulation

| techniques.



pra used to design efficient network selealicies which are
4 1, =02103 able to address efficiently the dynamics of the available

networksWe have seen in the analysis of static network

Gy ! selection thate average transfer delfig the main factor
impacting the average VolP quality in the considered networ
environment. In this section, we follow this by arguing tha
transfer delay shobklused as the observation parameter to

[ be monitored by the Quality Obseivatiaobn QOF of the

Wi IMRM framework to initiate rescue vertical handovers.

More precisely, we can say that the standard deviation o

' the transfer delaR, . defines the variation of the quality

res I offered for different VolP flows served by Emersld. we

| x| consider the sur§oE R, as the highest transfer delay

5 10 15 20 experienced byvalP flow assigned to an AN. The basis of our

Mbits] dynamic network selection algotithms

['I)I. [

Figure8AnaI_ysis of delay when static selection policies are used If the quality provided for this flow is above the considere
Delay downlink satisfacty thresholOS= 403, the quality of all other VolP

To summarisehet following three main conclusions can be
made based on the evaluatitresthtic selection policies.

X

flows over this AN is also acceptable. Consegiestythe
defined sum as the observation parameter for the monitoring |
QOF, i.e3"L BE R, Thismeanghatthe QOF infms

Firstly, the agt reason of the decreasing VolP . . .
quality has been identified. This is the increasing}he MME in the ca88E R, P savhereads the maximal

Secondly, it has been defined that different groups &€lay on AN is very dynamic, a dwell timer, or, themeaction
VolIP users with different VolP qualities may exist irfiS additionally introduced for the atiserWhe idea of the

the etwak so that the combiné®S*value must reaction timéis to avoithe FQI messages sent to the HIF
always be analysed. A highe§, .is due to the due to accidental increases of the obisanster delay. The

usage of multiplesAhich may become overloaded ©bservation process performed by the QOF can finally be

at different times. The transfer delay of AN can bdormulated as
used as an indicator for AN overload and insufficient

x Finally, it has been identified that the VolP quality
provided to MN using the same AN can fallgo hig Thisdefines the moment of time when a vertical handover
differ depending on the-€@8ed parametershef can be initiated. TY®E has then to define the flow that must
MNs, e.g. modulation techniques. The standardPe handed off in the cabaradover decision is taken.
deviation of the transfer delay owdicam be used The mterferencethe changing modulation techniques of
to identify such situations in the network. MNs,and thenumber of the demanditids connected to an
10° ; AN all influence the average transfer delay of data packets
/ £ 02103 transmittedy the AN. Upon reception of the FQI message on
al # 7 it the AN as a result ofaghservation procets® incoming load
10 5 IS0 on the indicating A& to be reduced. Vertical handovers used
5 26866800 0.0 00" for this purpose are theregseuchandovey initiated by the
107 WiMAX | MME to keep the transfer delay over the indidating AN

0

Figure9 Analysis of delay when static selection policies are
used delay uplink

3.3.

3.3.1. Single threshold handover rule

The dynamic netwoselection process, then, should be
controlled by monitoringpeeket delay and by initiating the
rescue halovers when necessarye next twaections
introduce two methods for the observation process, show ho
- IntegratedResource and Mobility Mamageée framework
5 10 15 20 . X
Ly, [Mbit's] would manage network selectiopd present detailed
simulation analysis.
The first method is based on a single threshold for packe
delay. The general idéthe single thresholddwver rule is
depicted in Figut®. Threshold values thoe observation in

Dynamic Network Selection downlink &g g and in uplinksgs are prelefined for the
observation arstored in the HRF. The QOF of each AN

Detailed performance evaluation of traditional, static netwd&manently obsen@¥n each directioff = DL or =UL).
selection procedumresented in the previous section can be As soon as{increases over the defiheesholdegfor the



duratiorPR & a FQI message is generated by the QOF to the

MME. t+t

The type of the flow selected for the handover by the MME d Ad'Std ?FQ| messages
depends on the tygfethe A. If the overall network &  on MME
higher than the overall service rate rdtihmrkv, at least G !

one AN must be selected to be kept in-theerioaded state

to serve VolIP traffic with a satisfactory quality. The transfer
delay over this AN ¢hen be kept low. All VoIP flows must S
then be handed off to theavenloaded ANarder to provide

a satisfactory VolP quality in the néteockll this theffic

offload With regard to the consideetdiork scenario, the

WIMAX AN has a larger coverage area and its transport -
resources are managed centrally by the WiIMAX AN. The time
WMAX AN is thus usedserveheVolP flows if bothshide FigurelOldea of the single threshold handover policy
going to become overloaded. If the WiMAXcdéiNes

overloaded, firstly the flows of other traffic types will be handed

off to th&ViFi AN. The actual definition of the priority of traffic _

typescan be open to interpretatiuh can be defined within t""‘i“‘" ] ) s 4 5 6 FQ'SGESBQES
the IMRM framework. For the purpose of sicuddyisia ) . ¢ 0 . o
presented in this paper, we consider VoIP traffic to be of hig &, |- b e
priority andTTP and FTP traffic to be of low priority. O TSSO SRR SRS o o S f

3.3.2. Threshold matrixdaver rule

Using the single threshold handover rule, the db$enved =0 o,
different AN may\my different. Rbeexample of two &\N —— Q4 onAN; —-—- QonAN;

it can happen thaf N aand 37 N r. TheVolPflows using Figurellldea of the threshold matrix handover rule for two ANs
the first AN are then served with a wdiseafsrvice than ) ) )

the VolPflows using the second AN. To reduce the unfaimess When the incoming load in the netviber focreases,

of the VoIP service offeréiaeimetwork using differestfé the observed"on bothANs overcomesg (2 in Figre 11).
such cases, a threshold matrix handovanmddised. Receiving FQI messages from both ANs tigetditdEknow

The general idea of the threshold matrixehanlgois to that the incoming load of the whole network is too high to kee
keep 37of all ABlused for the prioritised VolIP traffic as close 3" 0f both AN belowae As ais lower than the maximal
with a number of threshold valees defined,) L for 3"to the next observation interval. Bsthek¥honitor
<cépéndd dg= wherebye O 02 O® O & 3"that must be kept within the second observation interva
Different reaction timégcan also belefined for each [séed. o .
threshold value withifThe goal of the MME is to i&fep The process of such loadistibution and thetsking

all AN within the same intervages s wherebyL Q between different observatitervals is performed by the
and & L r. Figurdl explains the idea of the Hulelsmatrix MME as long as the allowed threshddthys below the

handover rule for a network consistitgo 0ANs.The maximally allowed threshegldHence afterreceiving FQI
increasing load in the netwdflan AN increases over the ~ Messages &nd 4 shown in &igll, the MME performs the

first thresholegearlier than on A in Figur&l). To keep sameoperations as during the recegittoe FQI messages 1

the increase@fwithirthe first interval Zgwhere3fis in, and 2. When the obser@divercomes the maxinlywed

some flows must be handed from tlodf Adkhe AMhaving & the whole network becomes overloaded and the same

a lower3 Frequent modifications of the transfer delay for an€thod as with temgle threshold handover rule is used to
VolIP flow may cause additional packet drops dusjittethe de unload an AN sill provide a satisfactéo)p quality in the
buffer functionalizg]. Consguently, a lower priority flow then ngtwork. Thg threshold matrix hano_lover rule is summqused |
is handed from the1AH to the ANThe decreased incoming Figire 12. Using the threshold matrix rule, the MME tries to
load on ANthen leads to the reductior8bés shown in avoid handovers of Vito®'s while keeping their quality at the
Figire 11 after 1. The quality of the VoIP flows using AN &cceptable level.

becomes similar to the \dokRtityprovided for the VoIP flows It can be concluded that the single threshold handover rule is
using A simplified versiaf the threshold matrix rule with only one

onervation interval, i.e. n = 1. In thistheassbserved
3"value on both AN fhates within the interraieg?
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. . . Mobility Management Engine (MME
| Wi-Fi | [ WiMAX | AN AN o o Varica
1 FTP iConnectivit iConnectivit Location Handover Handover Flow Handover

‘Observation:  Observatior; Tracking Initiation Rules Tracking Execution
Function Function Function Function Function Function

Function
2.HTTP QOF QOF LTF HIF HRF  FTF  \HEF
| [ | During network initialisation
3. VOIP - | Observation Setup Request (OSR) } o workiaedt
Lol 1 i .
[ Observation | | i
1 FTP Flow? Quality Indication (FQI) |
. | | Get rule
2. HTTP i a ble A Betimpacted flows |
et avaijable ANs[™
. 3 VOIP Decision for flow
I and AN
. . . Handover initiation
Figurel2Selection of the flow for handover using threshold . 1 T -

matrix rule FigureiSInitiation of a rescue handover using IMRM framework

3.3.3. Implementation of Dynamic Network Policies

4. PerformanceComaprisonof network selection
Once the logic of the network selecticiespbls been policies
designed, it is critical to have a framework capable of
implementing these polidMtgr connection of all NIC of an This sean presents a detailed simulation analysis of all
MN to the network the Interface Connéutiiciggion ICI presented policies. The thresholdEfof VW™ DQG 3KLJK
messages are sent to the LTF by the COF every time the qudbty 3" have been defined in eec8.2.3 The nalysis
of its access link changes. For example, in IEEE802.1fpresented isection3.2.3.lead us to refine the value for
networks the actual modulatiddi FKQLTXH RI1 D 019\&d & rBDrQ vihittag g L rdsrOThe performance of
updated to the LTF upon modifidadiopeflow or peviN the single threshold handover rule is evaluatéthsofg
quality observation the HIF has to send explngS&ies thesethreshold values, i@ L r&trOand g L rdsrO
to the QOF onmppriate AN. This must happen after detectionFor the threshatdatrix handover rule, the mhptniith 54
of a newlow in the network identified by the FTF. Using pefteps has been defined. Theretadtitonal thresholds, one
application eervation, OSRiessages may be sent to AN Jower thanegg 2nd another one in the mid of the interval
once during the network initialisation. The MgCeid [®ox&od: have been used, ie.
shows an example of rescueokandnitiated by the IMRM ) L <4 {r&&tra & x s r=OThe reactidimesé&for
Z%m\?vvr\wlg:lé fgnchaosrf szpasﬁ)grl;(s:agI;é?v%?io?wbi?g;x?tlgfrt]e?n all n steps are the same as for the single threshold rule. Th
initialisation. The modificafitimeoused modulation riégpie S?ﬁ”fﬁgggﬂdm\gﬁe tﬁ‘;”&iéeggﬁgdé?ge;gﬂmez all:QI

infl;l_u_ences tflieldata hrate that can bz %ffeMeN.fh‘r less A message is geqerated by the QOF and the tiyciamiion
efficient modulatimehemes are use y more MN, the of the observegfivalues.

average Qata _ra_te provided for the MN de_chaaseBay To assess the gain achievable with the IMRM frameworl
result in insufficient resources for demanding MN so that tagploying defined handovates. the Internet traffic

observeduality for a prioritised application will decrease belo}errformance evaluated. The model for Internetftoaffic

the defined threshold, B_e’.O 3;. The QOF then_ infgrms the [19[26 has been usefhe methodology described Jris[18
HIF about this event using a FQI messigsvasin Rige 3 used to derithe mix of users with different traffic types. The

for AN The main parameters needed to be contained within the, centage of users managing difiprlitations is: FTP
FQI message are the identifier of the impacted application . HTTR 33% ad VolP- 50%. The durati@ﬁ the

the current valuetbé obseed qualit® To know how 10 hortarmed simulations is t = 3700s, average values of 1(
react to the received notification, thethéi¥es from the HRF - iy jations apresented. The overall load in the network is
the appropriate handover rule. For example, the retrieved rBP’r“\ulated by different numbesess, 02 = 100<200. The

may define that a flow of the indicated application type assigigilshold mattimndover rule has been slightly adapted for the
to the mformlrig\l has the rescued by.haf_‘d'”g off to any varying load in the network. \fieesbserve8values over

oth(_ar AN avallable for the Comm“r?'cﬁ“m- the HIF . both ABNl reduce below the lower threshold of the current
retrieves from the FTF all flows of the indicated application type. .\ .0 interizéile. belowas 9, the admitted interval for

which are assigned to the triggering AN. To know which AN €8s decrementethe interval is decreased to the first one ([0,

alsr(])n bivirssn(: rfrihﬁ :?pr"’llf/tlﬁldmﬂ?ws. .thHFWreftr”?T\]/?ﬁ ad) when the observ@ivalues decreadselow & The
connectivity information 1o a mgows fro € switching of the observation thresholdheoANs is

LTF. After that a handover decision can be made accordin . - -

the handover rule. A rescue vertical handover for the sele(ﬂe lementagsing OSR messagesiescribed in section
flow is then initiateyl the HIF. The executigreiformed by
means of the mobility protocol dejrotresl network that is
triggered by the vVHEF.

4.1, VolP performance

According to [18he system capacity is defined as the number
of users in the netwarken more than 98% of them are
satisfied. To determine the number of tisensgtwork when

the VolP quality becomes isfeetiory, the CDF graphs have
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beenused. Using CDF of the VolP quality, the probabilitgelected to guarantee that the network load decreases enouc

P(MOS < @3)can be determinéat anyOg ¢ Figire 14 to be considered as a trendEEosthe lower thresholdsgs
summarises the estimated probaBi(M&S < @3)for the DV 49 LV DOZD\V SRV;kLWLs¥8s ugddkh YDO
VolP traffic in both directions for diffakeh8l simulation our snulations of the real traffic mix to ensure that the
results presentedFigrel14 highlight the fact that the dynamic observation interval is reduced only if the load in the networ
policies result in much highebabilityof VolP flows trends to decrease for a longer time.
generating MOS above 4.03, thus greatly imprQuadjtyhe
of Experience for the VolIP users. 0.35 —
The first set of simulation results is given in Table 2. Tt —TPMOS<4.03)
table contains thambers of users in the net#grkavhile 0.3 PMOSAD 1
98% of Mi\handling VoIP service satisfied. As expected, | P(Mosq'm)i:mm
the VoIP performance provided by the random selection pol _ "2 PMOS=037 |
is the worst. A network with the deployed IMRM framewc< 0ol PMOS=03) i
using dynamic handawies can support a higher number of é ’
MN with the satisfactory dokility.The highest number of Z 15l i
users is supported in the network using either the thresh(.2
matrix handover rul¢her single threshold rule gath210s. 0.1F
The VolRapacityelation factdﬁl/wo Lalculated usii(@)is
used to numerically express the perfogaanemabled by 0.05
the defined handover rules. Table 3 contains céfbgqja;ed 7 P(MO?_(_4 D002 i
for both directions. The casmliMolP capacity relation factors foo 120 140 160 180 200
indicate that thiereshold matrix handover rule (as well as the Nay

single threshold rule watis 0210s)enhances the VolP Figurel4 Estimated probabilities P(MOS<4.03) for the VolP traffic
capacity of the network for 29% and 80% in comparison @wnink)

particulastatic selection policies. 035 )

A \ery important fact that can be concluded tret¥Fig —— P(MOS<4.03)"
and from Table 2 is that\VVoIP quality provided by the single 03 P(MOS<4.03)R5S
threshold handover rule \&@#9120s is théowest among = P(MOS<4.03)5 120
other dynamic handover rules. The reason for that is a It gas{-— P(MOS=<4.03)5"210
thresholdor 37 Using the maximal threslaetd0120s for = —P(M0S<4.03)%

S<4.0.

3fthe VolIP traffic generated bigher number of network 0.21

users Q£ 160) cannot be served by the WIMAX AN onlyo
while 38, £ 0120s. A part of VolP flows then is assigned = *15°
the WiFi AN that is overloaded when the whole network is™
congestedThe quality provided for these VolP flows then i
very low so thR(MOS < @3)increases.

On the other hand, when the maximal threahold
rasrOoLV XVHG IRU 4 WKH ZKROH 9R, 0
the WIMAX AN also fak N Z K L OaCan§equently, 00 120 140 160 180 200
49 R1 DOO 9R,3 IORZV FDQ EH NHSW Ernurxs wnn Unll_\gnu wnunvanruG DQG
the fraction of the VolP flows served with the unsatisfactqfiy,re1sestimated probabilities P(MOS<4.03) for the VolP traffic
quaityMOS < 4.08 below 2%. (uplink)

The benefit of the threshold rbhased policy can be

identified when we observe an increasing heterogeneous load, Figire 16 showsiverage download times of HiagEs

i.e. when greater amount ofbi@Eed traffic is introduced to \ii@for differenDz ¢ Asexpeted, Rifdincreases with

the network. Using the real traffic mix of the VoIP and the FiR€reasind « (due to the increasing traffic inetfueork. The

traffic, the load in the network may fluctuate very much. fireshold matrix handover rule enables lowest average
adapt théhreshold matrix selection policy to the varying load ilownload time$ HTTP pages when the network load is high
the network, the functionality of the QOF must slightly lmg);E R s z). This is a very ionf@antfact indicating that the
HIWHQGHG 7KH 42) KDV WR REVH UYtHre@nBltNmﬁrQQﬂe Wikihed ddvah¥des RdmASage of bot
but also its possible reduction. This is required to adapt the@ower £&=0090s) and a higheg0210s) thresholds Bt

upper observatithmeshold to the current load in the network.

For theh REVHUYDWLRQ LQWHUYDO 49 VKRXOG EH NHSW ZLWKLQ WKH
intervalbegéeg. s 2as defined in the paper. Additionally, the QOFTable2Number of users in the network supported with a

informs the MME in the c&%O ags for the duration satisfactory VoIP quality

PP éses KHQ WKH REVHUYHG 49 RQ DOOJ$EVFRPSUEVEQIWKH-—
access network reduce bedgy the observation interval is Palicy \ggwnﬁiﬁacg%ﬁn’*k
switched_ fro_nEdown toEF s i.e. t_he MME adapts the Random 100 150
observation interval to th(_—:- decreasing network Io_aq. The lower [Rss pased 125 140
threshold fothe observation of the load reduegiis

0.05-

P(MOS<4,03)=0.02__~"
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Single thresholdL r &t rO| 160 165
Single thresholdlL rd&s rO| 180 180
Threshold matrjx 180 180

Table3 Calculate VolP capacity relation factor with Internet traffic

Direction| Policyb

Random RSSbased
Downlink 1.8 1.5
Uplink 1.44 1.29

Table 4 contains average HTTP relation f&gt$s
calculated usirng) for the results in FHigl6. Summarising, it

foo 120 140

N MN

160

180

Figurel6Average open time of HTTP pages

can be stated that the threshold hetdever rule enables  Table4 Average HTTP relation factors

the reduction of HTTP download times b%@m v&in
comparison to the random selection policy and by factor
V‘X%:Fg&L t & {in comparison to the RSS based selection
policy.

Figures 17 and 18 show the dependence of the average
FTPgoodput in downlink and uplink diremtidhe number of
network user§ heFTP goodput in both directions is higher by
using dynamigandover rules. decreases with increasing
number of MN because more users then share the available
network resourcés) important observation from the results in
Figures 17 and i8the sharply decreasing géidelput when
Oz ¢ R svrusing the thskold matrix rule. This is due to the
adaptivehreshold value f8f! Since the VolIP traffic is the
prioritised traffic type in the netiverkhreshold matrix rule
aims to keepfor the VolP traffic within the attsalvation
interval. Taachieve this, FTP load firstly is redistributed
between botAN. This leads to frequent handovers of FTP
flows causing an increase of packet reoréadhgt
reordering then leadthdecreasing FTP goodioivever,
the performance of the priore#® service can thereby be
significantly improvad can be seen from the presented
evaluations of VoIP services.

Having all this in mind, we can observe the results at Figure
16 and Table which show that for high network loads the
average file transfiime for HTPP traffic is smaller for the
threshold matrix compared to the single threshold matrix. We
can see similar performance for the uplink FTPHggifec in
18, where the threshold matrix based policy provides much
better file transfer delayigh traffic volume.

To understand the main reason for better performance of
the data traffic types for the threshtiebased policy we
need to explain the traffic offload process used in the signal
threshold policies and the nrimtsixd policyh@& rules for the
traffic offload are kept in the Handover Rules Function (HRF) in
the IMRM. The traffic offload for the experiments presented in
the paper is explained in Fidure

200

Policya Policyo

Randon RSShased
Single thresholdl r & t rO| 3.58 1.95
Single threshol rdsrQ| 3.91 2.10
Threshold matrjx 4.40 2.39

Figurel7Average FTP goodput in downlink

Figurel8Average FTP goodput in uplink
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Figure 2Ghowsthe numbe of signalling messages in the
network usirpe IMRM framewcdfke number of signalling
messages using the single threshold handover rule with



el r&trOis maximal fobgcP syr As it has already

been discussed aboveentiorb.3 this is due to the lower

threshold fo8" When3ficannot be kept bel@el r &t rQ

where B:0; 4 ;is the fraction of messages setitetbIN,
@ris the size of a signalingssage sent tbe MN for
handover xecution and®s the average size of signalling

the QOF on bothsd¢nerateFQI messages destined to the messages exchanged in the core part of the network.
MMEevery éseconds that explodes the signalling load in the To retrieve numerical valuessfaran assumption has

network. The single threstutddwitheeL r & s rGcauses the
smallest number of the signalling message$ethissis no

been done for the sizesighallingnessages. It is assumed
@z L @ 1000bytethat should be sufficierttansmit the

signalling is generated in a low to average loaded network wiegical information contained in different signalling message:
3" <0210s whiclis the most frequent situation in the network Figure 21 presents thkeulated perser signalling load in the

with Internet traffic.

Figurel9The number ofignallingmessagesn thenetwork with
IMRM framework

Figure20The sgnallingload per usein thenetwork with IMRM
framework

network using the IMRAmework6ls ¢ o slowly increases
with thencreasing number of SMNowever,6l ¢ ¢ g%
Sbytes/s also for larger numbers of users in the network. Th
signallingpad in the core part of the network increases more

rapidly, bubls ¢ ¢ F3Qbytesiso for0 £ = 200
5. Conclusion

This paper presented the network performance improvemen
that can be achievég implementing intelligent network
selection algorithms in heterogeneous winekeask
scenarios. The paper addrebsemtegration of resource and
mobilitymanagement asn important problem in current
research argkevelopment of wireless netvildremew IMRM
framework is presented in detail. This framework consists of
number of functiomkich are able to track the locaten of
mobie node and its diste from the Access Potntsrack
thedeliveryf IP flows to mobile stations and to execute vertical
handovers and traffic offload mechanisms to dynamically ada
to changes in theetwork performance. Analgithe
operation of static network tgmbepolicies providedThe

results show interesting deviation in the VolP performance dt
to significant differences in the experienced delay kVels. Bas
on this, two new network selection policies aszl dadign
implemented in the simulator. afiomul results show
significant improvement in terms of the performance of bot
voice and data traffic when dynamic policies.are used
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