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Abstract

The integration of different wireless transmission technologies provielesal oppor-
tunities to perform load control and to optimize the Quality of Experience (@bH)e
end user. However, several problems occur when integrating thdssotegies. Each
technology has its strengths and weaknesses in certain areas aral défenent ap-
proaches have to be applied to measure the performance.

The contribution of this work is a proposal of a combined WLAN-UMTS netwo
We introduce three different policies on which we base the vertical hamdtecision,
the load in the cell, Quality of Service (QoS) constraints, and user mobility. Simulatio
results illustrate how the policies are applied.

1 Introduction

The immense growth of wireless transmission technologiesmbination with the evolution
of mobile equipments with multiple network interfaces lea$ to the discussion of how the
technologies can be efficiently combined to allow the uséraice access anywhere, anytime,
and from any network. This combination is however rathdralift because the wireless trans-
mission technologies are designed for different purposdwary in QoS support, latency, and
bandwidth.

3GPP and 3GPP2 have standardized the interconnectionmesunts between 3G cellular
and WLAN to provide mobility support for users moving betwebase systems [1,2]. In
order to provide seamless mobility, one of the main issudlsesvertical Handover (VHO)
support. The VHO can be split into three phases, detectitinig®, handover decision, and
handover execution [3-5]. Currently, the decision whichwoek to use is either based on the
signal strength or can be selected by the user. Due to théhistdhe UMTS coverage is quite
high, especially in urban areas, and the billing systemisdlta, this simple decision metric is
not sufficient. However, a handover might be useful if the isseequesting a large amount of
bandwidth or if the UMTS network load is high. This leads ushte question: When should
a mobile be served by which technology?

In this report, all three phases of the vertical handoverstudied in order to provide a
sufficient mobility management. First, we describe how ahéns to gather information and



which information is required to offer a seamless serviadlie end user. Second, we show
how to decide and when to perform a vertical handover, and,thwve show the results of
our vertical handover protocol. All three phases are imgleted in the OPNET Modeler
simulation environment [6] and we evaluate their applitghbin a combined UMTS-WLAN
scenario at the end of this report.

This work is organized as follows. Section 2 gives an ovevoépolicy-based vertical han-
dover systems and shows possible network architecturesthiitdl section shows the vertical
handover process and describes the three vertical hanpbaees in detail. In Section 4, the
feasibility of these policies is evaluated through simolat Finally, conclusions are drawn in
Section 5.

2 Background and Related Work

The idea of a vertical handover which is not based on the bigrality only, but on a variety
of parameters, has been studied since 10 years. Most pap@asp a handover framework
which is based on several criteria but do not implement thméwork in a simulation or in a
real testbed environment.

2.1 Idea of a Policy-Based Vertical Handover System

According to Kassar et al. [7] the policy-based verticald@rer systems can be divided into
the following five different categories:

Decision function-based strategies (DF) [8, 9]

User-centric strategies (UC) [10, 11]

Multiple attribute decision strategies (MAD) [12]

Fuzzy logic and neutral networks based strategies (FL/NRI) [

Context-aware strategies (CA) [5, 14]

The first paper using a DF to perform the vertical handover piddlished by Wang et
al. [8] in 1999. The model is based on the available bandwialtlver consumption, and cost
of the network. Zhu et al. [9] optimize the vertical handoudecision strategy by taking the
user satisfaction into account. This is similar to the U@tsigies [10, 11]. Calvagna and Di
Modica [10] do not focus on load balancing from the operapmisit of view but on the user
satisfaction by also taking the costs of a vertical handavieraccount. Ormond et al. [11]
also focus on user-centric strategies and try to find the metstork for non real-time data
transfer.

Stevens-Navarro et al. [12] compare different handoversa®t algorithms according to
bandwidth, delay, jitter, and bit error rate. The best panance is shown for the Grey Rela-
tional Analysis (GRA), where the network is selected which tie highest similarity to the
ideal network. Guo et al. [13] takes, similar to the diffareaandover decision algorithms of



Stevens-Navarro et al., also multiple-criteria for thedw@rer decision into account. A combi-
nation of the prediction function of neural networks andrtigti-criteria decision function of
fuzzy logic is used to decide the handover. Three critegahosen for the handover decision,
namely bandwidth, velocity, and number of users.

The handover strategies of Wei et al. [14] and Kassar etdrfSbased on context informa-
tion. These can be classified into information availablenenrmobile device and information
available in the network. All information is transmitteddacentral point. This architecture
enables an intelligent handover decision which is impartafuture, heterogeneous wireless
networks.

Our handover decision is based on three policies, the lo#teinetwork, QoS constraints,
and velocity of the user. Similar to the context-aware sges, all required information for
the policies are stored at a central point, the Serving GPR@uNode (SGSN) which is
also responsible for initiating the vertical handover. Befdescribing the three policies in
detail, we provide an overview of possible network archiiees.

2.2 Network Architecture

There are three possibilities of how to integrate WLAN and UBAToose coupling, tight cou-
pling, and very tight coupling. The current approach of nehetwork operators to offer the
networks separately without coupling and without the gmbsi of using a vertical handover
is not be regarded as an integration.

very tight coupling

tight coupling

loose coupling

(, - -
( Internet
C

_

Figure 1: Different network coupling architectures.

2.2.1 Loose coupling

Loose coupling means that the WLAN Access Point (AP) is cotateio the Gateway GPRS
Support Node (GGSN) or the Internet as shown in Fig. 1. Thelpro with this architecture is
that switching the access networks means changing the ilesslbecause the IP packets have



to be sent to the new location. However, changing the addnesss that the existing session
will be disrupted. Therefore, a vertical handover approldah Mobile IP is needed. Fur-
thermore, authentication, accounting, and mobility managnt mechanism for WLAN have
to be realized. Thus, loose coupling is a good choice whamgusiprivate WLAN because
mechanism like authentication or accounting are done agggrat the wired Internet link.
Although, if absolutely necessary in case of a WLAN Interr&vge provider, an overlay
network like proposed in the IEEE 802.21 [15] standard cardlethis. The huge advantage
of loose coupling is that the UMTS architecture can remaiaffected and in the far future
it will be easier for the network service provider to exchatige UMTS network with a new
technology because only one interface for the new netwoskdnle integrated.

Because of handling the vertical handover on the networkr lay solutions based on
Mobile IP or a similar mechanism, a vertical handover in as®@oupling architecture is
slower than in a tight coupling architecture.

2.2.2 Tight coupling

When the WLAN Access Points are connected directly to the SG&Ng called tight cou-

pling. The WLAN is integrated into the UMTS network and all UM Teatures like authen-
tication, billing, and mobility management are done by tHdT$ network. This way, the

SGSN must be able to detect and handle directly connected WRASESs Points which

means that additional changes have to be performed. The WL&M¢gS Point has to sup-
port the functionality of a Radio Network Controller (RNC), fotaenple it has to establish
IP-tunnels to the SGSN to deliver the packets coming over WLAN

2.2.3 Very tight coupling

As in the tight coupling architecture, the WLAN Access Pomuts integrated into the UMTS
network. The difference between the two architecturesaspibint of integration. In a very
tight coupling architecture the WLAN Access Point is coneddb the RNC and has to pro-
vide the functionality of a NodeB, while in the above discukight coupling architecture,
the WLAN Access Points are connected to the SGSN and has talprthe functionality of
an RNC. The disadvantage of this architecture is that incortitngackets from the Mobile
Equipment (ME) have to be encapsulated in smaller packatutats to be transported to the
RNC. This can be avoided by using a tight coupling architecture

Loose Coupling as well as tight or very tight coupling regsiegtensions of the ME regard-
ing sending or receiving network information and executimghandover. We decided to use
a tight coupling approach because this avoids the need oifl&ldband packet fragmentation.

3 A Policy-Based Vertical Handover System

The complete vertical handover can be split into three ghaseshown in Fig. 2. During the
first phase, all handover relevant data is gathered. Thosnmdtion is either taken from mea-
surements at the NodeB’s or WLAN Access Points or transmitteih the ME. From this



information, the load in the cells and the QoS levels can bautzed. In our case, the sec-
ond part of the vertical handover process, the handovesideciis performed by the SGSN.
Thus, the information gathered by the NodeB’s and WLAN AccesstR is transmitted to the
SGSN. Based on the QoS constraints, the cell load, and posaitid mobility information, the
SGSN decides when a vertical handover is required and whi€lsMhosen for the handover.
The last part of the handover process is the execution of ¢htecal handover itself which
is initiated by the SGSN. In [16] we introduced a protocol éoseamless handover between
UMTS and WLAN.

RSS
Packet loss
Inter packet delay variation
Code utilization
Downlink & uplink load

Handover
Information
Gathering

Handover
Decision
Policies

Qo0S/QoE constraints
Cell load
Position & mobility

SGSN initiated
handover from:
WLAN to UMTS
UMTS to WLAN

Handover
execution

Figure 2: Vertical handover process.

Fig. 3 shows the handover delays from WLAN to UMTS and from UM®SVLAN using
our vertical handover protocol. Although the complete twved takes between 290 ms and
650 ms, a normal communication of the ME is possible durirgdbnnection establishment
and the connection release phase. Only during the handbeesyitching from one technol-
ogy to the other, no communication is possible and this pleste only a few milliseconds.

The focus of this report is however the second phase of thedvan process, the handover
decision policies.

As already mentioned, the handover decision is typicalgeldeon the signal strength only.
This is not a solid criterion in urban areas where we can denghe signal strength to be
sufficient for all technologies. Hence, our main criterionthe handover decision is the load
in the cells that we complement by considering the mobilesS@equirements, positioning
information, and velocity. The entity which stores thisamhation for every cell and user
is the SGSN. Whenever the load is high in one cell or the usersoteeceive the expected
quality, the SGSN initiates the handover.
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Figure 3: Vertical handover delays.

3.1 Position and Mobility

The position of a UMTS user can be retrieved with differenthods like Observed Time Dif-
ference Of Arrival (OTDOA), Uplink - Time Difference Of Awal (U-TDOA), and Assisted-
GPS (A-GPS) which all provide sufficient accuracy for veaticandovers.

For the positioning in WLAN, a fingerprint mechanism can bedud#ith this mechanism,
the location of the WLAN Access Points has to be known. Thetjposof the user can then
be estimated with the received SNR.

Besides the positioning information, the mobility of the MEmportant for the handover
decision. For a fast moving user, it does not make sense tiolianthe user to a WLAN cell
with a small coverage area because of the short time the eiseims in this cell. The speed
of the user can also be retrieved with GPS. For the simulaemario, we use a GPS-based
system, which provides us both, positioning informationvadl as the velocity of the MEs.

3.2 Load Control

In order to support QoS traffic in a heterogeneous networkhawe to compute the load in
UMTS and WLAN. Furthermore, we want to balance the traffic |bativeen the different
cells and technologies. Therefore, we need to know how muath & single user produces or
will produce in both network technologies.

3.2.1 UMTSLoad Control

The UMTS cell capacity is limited by several factors whichwge as an indicator for the load
a user generates. We consider the following air interfadenesource metrics: uplink load,

downlink load, and code utilization. In literature, manydets are available for the character-
ization of the uplink and downlink air interface in UMTS, se¢g. [17-19]. We assume that the
system is able to measure the most relevant parametersfoalktulation of the radio resource



metrics either at the NodeB or at the ME. The measurementdedireed in [20]. Measure-

ments which are performed in the MEs are reported to the RN& mé¢asurement reports,
which are either triggered by the radio resource managearesent periodically. In [21] we

define the load metrics to determine the load on the downbnkihe uplink, and the code
utilization. These metrics are used for the second poliey)dad-based vertical handover.

3.2.2 WLAN Load Control

Due to the contention-based access of WLAN, it is rather diffito estimate the network
load. During the development of a mechanism to determinéotid we have seen that with
the access parameters proposed in the IEEE 802.11 standatiger QoS constraints can
be supported, nor are the limited resources efficientlyzetl. We proposed two different
mechanisms, the Dynamic Contention Window Adaptation (DC\AMgprithm [22] and an
adaptive frame bursting for non real-time traffic [23] to ardee QoS for real-time traffic
and to enhance the throughput of non real-time traffic. lfntezhanisms are not sufficient to
provide QoS guarantees, the SGSN is informed and a VHO of om®e MES is initiated.

3.3 Quality of Service Constraints

We consider the following QoS metrics for real-time conied: delay, jitter, and packet
loss. Measuring the one-way delay is rather difficult beeaither a clock synchronization
using GPS, or an alternative approach like Adaptive per Hiffef@ntiation (APHD) [24] is
required. In our simulation environment, we consider aysfaaller than 150 ms as desirable,
but still accept delays of up to 400 ms as recommended in tHeNT.114 [25] standard. The
second parameter to determine the quality of real-timédrafthe jitter. For constant bit rate
voice traffic, the jitter can be calculated as the standaxiatien of the inter-packet delay.
According to Hossfeld et al. [26], the threshold of the jitshould be set to 7.2 ms for the
G.711 voice codec, because a large jitter results in a bae epiality. Finally, the packet loss
has to be lower than 1 or 3 percent, depending on the usedandceideo codec. In a WLAN
environment it is better to determine the number of retrassions on the MAC layer instead
of using the packet loss as we showed in [22]. As the WLAN MACelagerforms several
retransmissions before dropping the packet, a reactioraokep loss would be too late.

4 Evaluation of Handover Strategies

In order to validate the three different handover policiesjmplemented the complete frame-
work in the OPNET Modeler simulation environment and sethettvo scenarios shown in
Fig. 4. Scenario 1 is used for the mobility-based handovdr@aenario 2 for the load and
QoS-based vertical handover.

4.1 Mobility-based VHO

In order to validate the first policy, the mobile equipmente®within the WLAN cell before
it leaves the cell after Position 4 from Fig. 4(a) is reachEw. 5 shows the signal strength



UMTS

(a) Scenario 1. (b) Scenario 2.

Figure 4: Simulation scenarios.

of the ME at the WLAN Access Point at the different positiongthAugh Position 2 is at the
border of the WLAN cell, the signal strength is with over 45 dll above the threshold of

30dB. Shortly after Position 4 is reached, the signal stfedgbps below the threshold and
the vertical handover to UMTS is initiated. This can be afédrby the stop of the signal
strength measured at the WLAN Access Point as well as theaseref the code utilization

the user produces in the UMTS cell.

(0]
o

~
o

vertical handover |
initiation due to
SNR <30 dB

[o2]
o

i
o

threshold

signal to noise ratio (dB)
u
o

w
o

N
(=)

10 20 30 40 50
simulation time (s)

o

o
[N

o
o

code utilization
o
=

10 20 30 40 50
simulation time (s)

o

Figure 5: Mobility scenario.

4.2 L oad-based VHO

Scenario 2 is used for the second handover policy, the leadéevertical handover. In the
scenario, a new user connects to the UMTS network every bidsausing a radio access



bearer of 384 kbps. The position of the user within the ceahéseby chosen randomly. Fig. 6
shows the increase of the load in the UMTS cell over time. Wlrensers are active in the
cell, the downlink load is still below 20 %. Although the ugtiload is with 40 % twice as high
as the downlink load, the threshold of 80 % load is by far nathed. The code utilization is
however with 78 % just below the threshold and as soon as tlemtdeuser enters the UMTS
cell, the threshold is exceeded and the vertical handovaitigted by the SGSN. Therefore,
the SGSN first determines which MEs are equipped with a WLAHNrfate. Afterwards, the
user causing the highest load is identified and if more usare the same highest load, the
SGSN chooses the ME which spent the longest time intervaldtUMTS cell. After the ME
is handed over to the WLAN cell, the load in the UMTS cell desesabelow the threshold,

cf. Fig. 6.
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Figure 6: Vertical handover is initiated due to high coddizgtion.

4.3 QoS-based VHO

For evaluating the last handover policy, the QoS-based V&t@nario 2 is used again. This
time, the MEs are connected to the WLAN cell. The simulatiomisated with one voice
user whose number of retransmissions and jitter are mes@ifeer 10 seconds, the first best
effort user enters the WLAN cell, trying to utilize the comigldandwidth. Fig. 7 shows the
progress of the the jitter and the number of retransmissiastime. As the voice user uses
a constant bit rate voice stream, the jitter is calculatethastandard deviation of the inter-
packet delay. For the number of retransmissions, the meameasured over an interval of
100 ms and 1 s. As the mean of the 100 ms interval fluctuates tob wver time, we decided
to use the 1 s mean for this policy and set the threshold fondéimelover decision to 0.9. The
delay is not shown as it was always far below the threshold.

After 32 seconds, the vertical handover is initiated basethe number of retransmissions
and not due to the jitter. As soon as the third best effort asgzrs the WLAN cell, the jitter



exceeds the threshold of 7 ms and the vertical handover ofiilce user is initiated which can
be seen by the missing curve after 32 seconds of simulation.
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Figure 7. QoS-based VHO from WLAN to UMTS.

5 Conclusion

In this report, we introduced a policy-based vertical haredsystem. Without loss of gener-
ality, our studies remained on the two most common techmedodJMTS as a representative
of the 3G cellular networks and WLAN based on the IEEE 802.a4hddrd as a widely used
access technology. However, with a few network specific ghanit is possible to use this
approach for any other IP based access network. In contraghér works in this area, we
implemented the complete handover process in a simulatieinoament, starting from trans-
mitting the handover-related information to the SGSN, wipgl the three handover policies,
and finally completing the handover using our own handovetgaol. The simulation results
show that the vertical handover is initiated whenever astwoll of one policy is exceeded
which guarantees not only QoS for the user, but also des¢lasdlocking probability due to
distributing the user to other cells/technologies wherrestiold is exceeded. In future work,
we want to improve the load-based VHO policy in order to be abldistribute the users over
the cells, or if the load is low, to be able to switch some dalis standby mode to save energy.
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