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A Novel Vertical Handover Control Algorithm for WLAN and
UMTS
Student:  Chie Ming Chou Advisor: Dr. ChingYao Huang

Department of Electronic Engineering &
I nstitute of Electronics
National Chiao Tung University

Abstract

How to design an effective and smooth vertical handover algorithm is a
trend for the integrated system to achieve the high-speed transmission, high
mobility, and satisfied QoS. in this thesis; a novel vertical handover control
algorithm, consisting of a throughput-based mapping function, QoS-based
dynamic handover thresholds, and performance-based trigger timers, are
proposed to resolve uncommon pilot problems, QoS requirements, and
ping-pong effects, respectively. An analytic model based on a finite state
machine is developed to evaluate the proposed algorithm in terms of the
handover frequency and achievable throughput. A numerical analysis is also
provided to further quantify the performance impacts. The analytic results show
that the proposed algorithm could improve the transmission throughput for
non-real-time services and can substantially reduce the packet loss rate for the

real-time services by reducing the vertical handover frequency.
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Chapter 1

Introduction

In this chapter, the motivation of the integrated systems is first given by observing the
different characteristics of wireless communication systems. The designed method and related
metrics for the integrated objectives are addressed, and the organization of this thesis is

provided.

1.1 Overview of the Char acteristics of Wireless Communication Systems
Different wireless technologies, could ‘be ,developed for different design goals and
coverage. With different serving. coverage and moving speeds, the achievable transmission
rates and error performance will e different. Therefore, as shown in Figurel-1, there exists a
trade-off between the mobility and the'transmission rate in different wireless communication
systems. As shown, the second generation (2G) and third generation (3G) cellular systems
cover high mobility but with low transmission rates (up to 384kbps outdoor and 2.3 Mbps
indoor). On the opposite, wireless local area network (WLAN) supports high transmission
rates (up to 54Mbps) but covers only low mobility users. Besides, cellular systems have wider
coverage as compared to WLAN systems. So, in an integrated cellular and WLAN system, to
optimize the use of resources while managing the quality of service (QoS), it is essential to

have a control that can effectively utilize both systems.
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1.2 Motivation . ‘*

In Beyond Third Generation (B3G) communication systems, besides of anywhere,
anytime, and any services, high transmission rate are also parts of the new vision for B3G
Third Generation Partnership Project (3GPP) has recently taken the initiative to develop a
dual inter-working as a candidate to achieve this goal. As shown in Figure 1-1, it could be
achieved by the integrated cellular and WLAN technologies. By switching between the two
networks, users can have a wide-area-connectivity in cellular systems and high transmission
rate in WLAN systems. Hence the motivation of this thesis is how to make a smooth and
effective migration within the integrated system.

The European Telecommunications Standards Institute (ETSI) suggests two



inter-networking solutions. a loose coupling inter-networking and a tight coupling
inter-networking [2]. In the loose coupling inter-networking, the WLAN network would be an
access network that is complementary to the cellular data network. The WLAN network will
not be connected directly to the core GPRSUMTS (General Packet Radio Services/Universal
Mobile Telecommunications System) network. Under this architecture, strict authentication,
authorization, and accounting (AAA) within IP-layer are important to support the mobility.
For the tight coupling inter-networking, the term ‘tight’ refers to the alignment of access
interfaces between cellular and WLAN systems. In this architecture, al the WLAN traffic

connects to the GPRSUMTS core network as shown in Figure 1-2.
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Figure 1-2 WLAN coupled at different levels (take UMTS as cellular systems)

In this thesis, the tight coupling connection is considered as the solution for the
integrated system of UMTS and WLAN. To make the integration effectively and smoothly, a

vertical handover control between two networks is critical to ensure the quality of the



connection. Before discussing the vertical handover and QoS controls, UMTS and WLAN

systems will be introduced first.

1.3 Overview of UMTS
"Universal Mobile Telecommunications System" [5-7] (UMTS) stands for the third

generation wireless cellular system to support both voice and data services. The UMTS was

been promoted by European Telecommunication Standards Institute (ETSI) and is an
extension of Group Special Mobile (GSM). Based on wideband code division multiple access

(W-CDMA) techniques, the characteristics of UMTS are:

1 Using Quadrature Phase-Shift:Keying (QPSK). modulation, multi-user detection, and etc
to support high-speed data transmission (384 kbps with wide area coverage and up to 2.3
Mbps for indoor coverage).

1 Using variable spreading factor and multicode to support multiple parallel variable-rate
services on each connection flexibly.

1 Enhanced radio resource control (RRC) improves the initial capacity and coverage

1 Easy implementation of dual-mode UMTS/GSM terminals as well as handover between
UMTS and GSM is done by clear networking interface and architecture.

Within the architecture of the radio interface protocols, UMTS is a three-layer system.

Layer one is responsible for transporting encoded and spreading chips over the air, besides; it

offers a mapping between the physical layer and transport layer. Layer two contains two

controls. one is the medium access control (MAC) which maps the logical channels to the



transport channels; the other is the radio link control (RLC) which provides segmentation,
reassembling, ciphering, and reliability over the radio link. Finally, Layer three controls the
radio resources and requested Quality of Services (QoS). Dueto the tight coupling connection
will be the solution for the integrated system, the architecture of the radio protocol in UMTS
will also be applied to the integrated system. As shown in Figure 1-3, UMTS network can be
divided into the access network, core network, and external networks each with several
network units and interfaces [8]. In access network, Radio Network Controller (RNC) and its
associated Node-B are responsible for the resource managements which include the power
control, handover, and RF measurements. The core network supports various network features
and telecommunication services between access network and external network. Furthermore,
the core network could be -divided into two -entities which individually provide
circuited-switch (CS) network and packet-switch (PS) network. The CS domain contains the
3G mobile switching center (3G-MSC) and related service control point (SCP) to support an
intelligent network system. The PS domain comprises the functional entities: 3G serving
GPRS support node (3G-SGSN), and gateway GPRS support node (GGSN) to support packet
data network. Finally, the home location register (HLR) is a database to support subscriber
profile and mobile-1P services. For interfaces, it could be seen that each entity has respective
interface to connect with related entities. Such as |, is the RNC to Node-B interface, I, is the
RNC to RNC interface, lysis the interface for circuit-switched data, |ps is the interface for
packet-switched data and G, G,, CAP (CAMEL application part), MAP (mobile application

part) arethe mapping interfaces in the core network.
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Starting from July 1997, 1EEE has published a set of IEEE 802.11 standards, as listed in

Table 1-1, for Wireless Local Area Networks[9-12]. In general, the standardization of WLAN

is divided by three layers: Physical (PHY'), Medium Access Control (MAC) and Logical Link

Protocol. In physical layer, Orthogonal Frequency Division Multiplexing (OFDM) which is a

robust multi-carrier modulation is used. OFDM works by splitting the radio signal into

multiple smaller sub-signals that are then transmitted simultaneously at different frequencies

to the receiver. Thus, OFDM reduces the amount of crosstalk in signal transmissions and

enhance the throughput performance.

For WLAN, the standard provides two modes of operation in MAC layer: Distributed



Coordination Function (DCF) and Point Coordination Function (PCF). DCF is a contention
mode which is based on Carrier Sense Multiple Access with Collision Avoidance
(CSMA/CA). A random backoff contention window, as shown in Figure 1-4, is designed to
resolve the collision and the ownership of the medium. When a backoff window reaches to
zero, the associated station will get the medium. At the same time other stations will hold their
window size and wait for the next idle period. Basically, under this mode, the QoS is not
guaranteed, thus only non-real-time services (flows) are suitable in the contention mode. On
the other hand, PCF is a contention-free mode; here a point coordinator that resides in Access
Point (AP) is responsible for polling or scheduling based on the delay requirements. However,
due to the unpredictable beacon delay, PCF has limitations in QoS support and this mode is
also not widely implemented.

Table'1-1 TEEE-802.11 family

Name Work
|EEE 802.11a PHY Standard : 5GHz
|EEE 802.11b PHY Standard : 2.4GHz
|EEE 802.11c Bridging
|EEE 802.11d MAC Standard : international roaming
|EEE 802.11e MAC Standard : QoS support
|EEE 802.11f Inter-Access Point Protocol
|EEE 802.11g PHY Standard: 2.4GHz
|EEE 802.11h Supplementary MAC Standard: TPC and DFS
|EEE 802.11i Supplementary MAC Standard: Alternative WEP
|EEE 802.11j Japan 5GHz band extension
|EEE 802.11k Radio Resource Measurement
|EEE 802.11n Higher throughput improvement
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Furthermore, according to lEEE.-802.11_MAC; different interframe spaces (IFS) are
defined to provide priority levels. A Short interframe space (SIFS) is the minimum time-gap
between any two frames. A DCF interframe space (DIFS) is the relevant IFS when applied to
DCEF stations. Thus a frame sequence by any DCF station must begin at least a DIFS interval
after any other frame sequence. Similarly, a PCF interframe space (PIFS) is the least spacing
for stations implementing the PCF. Clearly, it would be desirable to have SIFS<PIFS<DIFS to
ensure the PCF has higher priority than DCF. Finally, an optional scheme called RTS/CTS

(Request to Send/Clear to send) is used to solve the hidden terminal problem in WLAN

networks.

Defer Access

Figure 1-4. MAC control in WLAN system
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1.5 Thesis Organization

The organization of thisthesis is described as follows:
Chapter 2 introduces the architecture of an integrated UMTS and WLAN system. Under this
architecture, a general concept of vertical handover is given. The extrafeatures needed for the
handover including the measurement, scanning, and etc are stated. Some prior works on the
vertical handover studies are also introduced in this chapter.
In chapter 3, to effectively resolve the vertical handover problem, a novel vertical handover
algorithm which contains the throughput-based mapping function, QoS-based dynamic
handover threshold, and performance-based trigger timer is proposed.
Chapter 4 provides an analytical.*model which-will be used to evaluate the handover
performance. Simulation results and discussions are also provided in this chapter.

In Chapter 5, conclusions and future works-are‘discussed.



Chapter 2
Architecture of an integrated UMTS and WLAN

systems

This chapter introduces the architecture of an integrated system. Under this architecture,
besides of conventional radio resource controls, the vertical handovers: (1) from
UMTS-to-WLAN handover and (2) fromWLAN-to-UMTS handover are new and essential

for the integrated systems.

2.1 Integrated Architecture

As compared to WLAN, UMTS supports high-mobility users and can cover large
coverage areas. On the other hand, WLAN achieves higher throughput for stationary users but
its coverage is small. Therefore, in the integrated system, UMTS should be designed as the
core network to cover al areas, while the WLAN will be deployed based on the hot-spot
scenario [13]. In this case, WLAN can be treated as one of the radio access networks (RAN)
to UMTS network, and it will be connected to the Internet cloud by the Gateway GPRS
Support Node (GGSN) of UMTS. The only change for WLAN is that it must have a mapping

unit to hide WLAN identity and to make Serving GPRS support Node (SGSN) transport

10



signals available to WLAN. Finally, the mobile station will be a multi-mode station (MMYS)

which supports both UMTS and WLAN access within the architecture as shown in Figure 2-1.
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Figure 2-1. Integrated Architecture

2.2 Overview of Vertical Handover

Handover is a fundamental feature in any wireless networks. When a mobile terminal moves
away from a base station, the signal level will decrease and there is a need to switch to other
base stations. The handover control is the procedure to handle the base station migration for
the mobile. There are a lot of studies related to handover [14] and can be divided into two
categories. handover architecture and handover algorithms (see Figure 2-2). Architecture
includes the methodologies, controls, and software/hardware elements involving in the

re-routing of a connection. In handover methodologies, hard handover is limited by only one

1



connected BS and the handover procedure is “break-before-make”. Due to the technology of
CDMA, soft handover is proposed to allow multiple BS connections and the handover
procedure becomes “make-before-break”. The soft handover will take the benefit of the

diversity technique and will enhance the transmission performance.

Handover
[

Handover architectures Handover algorithms
Handover Handover Handover Pzr?gfrr?;/ﬁg e
control methodology metrics measures
1. Network- RSS, path Call blocking,

controlled 1.Hard loss, cell handover
2. Mobile- handove ranking, SIR, blocking,
assisted 2.5oft power budget, handoff rate,
3. Mobile- handover etc delay, call
controlled dropping, etc

Figure 2-2. Important studies involved in the handover mechanism
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For handover controls, the trigger decision in network-controlled handover is decided by base
station (BS) only, on the contrary, a mobile station (MS) dominates the decision in
mobile-controlled handover. However, the common solution in handover control is
mobile-assisted handover. This is because to make a precise decision, both the BS and MS
should be responsible for the handover decision. Issues related to the handover algorithms are
the triggering metrics used by the algorithm. The common metrics include the received signal
strength (RSS), signal-to-noise ratio (SIR), power budget, and etc. Different measurements
will affect the handover decision and cause different handover performance. The handover
performance usually includes the handover frequency, handover blocking rate, and handover
delay. Different services might have different requirements in handover performance, so a
service-based handover control algorithm is important-in handover designs.

The conventional handover used‘to switch-between homogeneous networks is called the
horizontal handover. In the heterogeneous networks, the handover for switching from one
system to another system is called the vertical handover. Due to different systems have
different characteristics; the vertical handover could be asymmetrical. In our scenario, as
shown in Figure 2-3, the handover from UMTS to WLAN systems is called the downlink
handover and the handover from WLAN to UMTS systems is called the uplink handover. The
objectives of the downlink and uplink vertical handovers are different. The downlink
handover is focusing on improving transmission rates while the uplink handover is focusing
on the connectivity of the call. Besides of the above, like the conventional handover problem,

the vertical handover also needs to prevent the traditional ping-pong effect between two

13



networks.

Downlink
handover

Uplink
handover

Figure 2-3. Two-way handover in.heterogeneous networks

2.3 Relative Features for the Vertical'Handover

In order to have proper handover decisions and make the integrated system efficient, an
accurate reference measurement is required for designing a proper vertical handover control.
However, when UMTS operates in a frequency division duplex (FDD) mode, the transmission
is continuous and there is no available gap time for measuring WLAN systems to get the
sufficient information. Besides, even if the measurement of WLAN systems is possible, how
to obtain the reliable information in time is also a challenge. Therefore as depicted in Figure
2-4, a compressed mode in UMTS system and a reliable active scanning (RAS) scheme in

WLAN system provide the first level RF measurements for the vertical handover trigger.

14
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2.3.1 Compressed mode

The compressed mode [15, 16] is employed to create a transmission gap in FDD mode for
measuring the RF from other systems. By compressing the data stream during a few slots, a
gap is created for measuring without having the disconnection of the UMTS call. The policies
of the compressed mode and related power controls have been defined in UMTS specification
[17-20]. During the compressed frame, more power is required to guarantee the quality of

increasing transmission rate. Therefore, there exists a trade-off between handover
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performance (sufficient information) and power consumptions. Several investigations are
proposed [21-23]. In this vertical handover design, reducing the spread factor is used to
simplify the operating environment and to provide a measured period for WLAN system.
2.3.2 Scanning

After getting the idle period in UMTS system, how to use this period to scan and to get
sufficient information in WLAN systems is a challenge. According to the IEEE 802.11
standard, the scanning can be accomplished by using either a passive or active mode [24]. In
the passive scanning mode, the mobile station (MS) moves to each channel on the channel list
and walits for the beacon signal. In this mode, it could save the battery power but will take
longer time to finish the measurements. In the .active mode, a MS actively broadcasts
additional probing request frames on the channel and expects to receive the response from the
access point (AP), as aresult, the active scanning made is a fast way to collect the information
and to reduce the time delay for handover. However, the efficiency of active scanning strongly
depends on the whether the AP can successfully receive the request or not. A reliable active
scanning (RAS) [25] which has a response detection and retransmission scheme is proposed.

Therefore, the RAS scheme will be assumed in this vertical handover designs.

2.4 Prior Worksin Vertical Handover
Several aspects of vertical handover algorithms have been investigated. First, Stemm and
Katz [26] introduced the vertical handover between different networks. A combination of

mobility management and a virtual connectivity manager was used to maintain the connection

16



in the integrated system [27]. A policy-based handover algorithm was proposed by
considering the tradeoff between network performance and individual requirements [28].
Another handover control mechanism which adopts the concept of a dwell timer was
implemented to ensure the stability of the handover and the improvement of the mean
throughput [29]. From network layers, based on Mobile 1P [30], new protocols like Session
Initiation Protocol (SIP) and Stream Control Transmission Protocol (SCTP) have been
proposed to improve the delay and throughput performance between any heterogeneous
wireless networks [31]. In this thesis, to address different service needs for both real-time and
non-real-time services, a novel vertical handover control algorithm based on effective

signal-to-noise (SNR) values and quality of service (QoS) requirements will be proposed.

17



Chapter 3

Dynamic Vertical Handover Control Algorithm

In the heterogeneous network, there are three design challenges: (1) no common pilot between
networks (2) various QoS requirements and (3) ping-pong effects. To effectively support the
vertical handover, three corresponding control elements are designed in the proposed vertical
handover control algorithm: throughput-based mapping function, QoS-based dynamic
handover threshold, and performance-based trigger timer. In this chapter, al challenges will

be discussed in detail and the corresponding solutions will be proposed and analyzed.

3.1 Challenges
3.1.12 No common pilot between networks

In UMTS, a pilot channel is used as an indication for triggering a handover and power
control [32]. More advanced handover controls based on aggregate pilot Ec/lo, average pilot
Ec/lo, and etc for handover decisions are investigated [33-35]. However, in the integrated
system, the handover trigger in the WLAN will be different than the trigger in the UMTS. As
compared to the pilot channel in UMTS, a beacon signal is used in the WLAN. The
signal-to-noise ratio (SNR) has different indication of the achievable transmission rate and the
coverage. Therefore, the decision of the vertical handover trigger becomes difficult.

3.1.2 QoS requirements

18



Quality of Services (QoS) has become an important requirement in wireless systems. The
ultimate goal of QoS is to support “sufficient quality” for all services. Different services
might have different definitions of “sufficient quality”. For example, in the non-real-time
services, the QoS could depend on the transmission rate. On the other hand, in the rea-time
services, the QoS means the delay bound and a smooth video playout. In the wireless system,
due to the time varying channel and competing resources, it could be more challenge to
maintain QoS among users. Due to different system characteristics, the effort of maintaining
the QOS in various systems becomes even harder when the integrated wireless system is
considered.

3.1.3 Ping-pong effect

In a conventional handover,-the ping-pong effect happens when the connection channel is
not sable. In the unstable channel,:any-trigger. of handover does not guarantee the
improvement of the connection quality. In the integrated system, the ping-pong effect aso
exists in the vertical handover. This is due to the extended delay in handing over between two
different systems as compared to two base stations within the same system. Therefore how to
avoid the occurrence of ping-pong effect is also an important challenge in the integrated

systems.

3.2 Throughput-Based M apping Function
In the UMTS-WLAN integrated system, there is no common pilot to be used as an

indication for the vertical handover trigger. Thus, a common reference should be defined to

19



differentiate the achievable performance. The performance in WLAN system could be
observed from two perspectives. one is from user perspective and the other is from system
perspective. In this section, the throughput-based mapping function from user perspective is
first proposed, and then the general form of the mapping function is discussed by observing
the performance from the system perspective.
3.2.1 Mapping function from user perspective

In different networks, the same signal-to-noise ratio (SNR) might have different
throughput performances. Therefore a direct comparison of the SNR values will cause a
misinterpretation of the resulting performance. To resolve the problem, an effective SNR,
based on the same throughput reference, could be used. For example, as shown in Figure 3-1,
based on a WLAN performance-curve, a mapping between the achievable rates from UMTS
and WLAN, Rymts and Rwan, and the corresponding effective SNR values, Symts and Sy an
can be identified. In short, the original SNR is first used to estimate the achievable throughput
which depends on the RF condition only. Through the mapping module, the corresponding
effective SNR, Suan and Symrs, are calculated based on a WLAN throughput performance
curve. A dynamic vertical handover control algorithm can then be derived based on the
effective SNR. Basically, the vertical handover is triggered when the differences between the
Swan and Symrs values exceed or drop below a dynamic threshold, H, for a period of time. As
stated in Eq. (3-1), the downlink handover from UMTS to WLAN is triggered when the

effective SNR from WLAN is greater than that of the UMTS by H for DT, Seconds.

From Eg. (3-2), for the WLAN to UMTS handover, the uplink handover is triggered when the
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effective SNR from the UMTS is greater than that from the WLAN by H for DT,

uplink seconds,

where the threshold H and the trigger timer DT, i i COUld be a function of QoS

reguirements and would be addressed in later section.

S/\ILAN - SUMTs > Hdownlink for DTdownIink (3' 1)

SNLAN - SJMTS < Huplink for DTupIink (3_2)

A

Throughput

RWLAN

RUI\/ITS

FQWLAI\I

RumTs]

¢v vV Vv

Sumts  Swian Sumts  Swian EffeCtlve SNR

Figure 3-1. Throughput vs SNR in WLAN (including link adaptation)

3.2.2 The General form of the mapping function from system per spective
The throughput performance used in the section 3.2.1 is estimated by the individual
measurements of signal strength (RF only). However the actual throughput differs a lot,

especially in WLAN system. This is because the medium in WLAN is shared by many users,
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collision and simultaneous backoff stages will occupy the medium and reduce the effective
throughput. Furthermore, the throughput in WLAN will be saturated when the loading is high.
Thus, call admission control in WLAN is crucial to maintain the throughput and other QoS
performances. In this section, the effect throughput, Rg, calculating from the system
perspective is used as the general form of the mapping function. In calculating effective
throughput from the system perspective, it takes the transmission ratio and call admission

control into considerations, the relationship between R and Re is:

Re=R"R’R (3-3)

Here P is the transmission probability which stands for the ratio of the actual transmission
time and the total beacon frame: P,is the allowable incoming probability which depends on
the call admission control to a new ineoming-user. R is the estimated throughput from RF
measurements only.

In one beacon frame, it could be divided into the idle period, collision period (wait the
back-off windows for al admitted flows), and transmission period (only one user uses the
medium). Therefore the transmission probability P; can be calculated in Eq (3-4)

_ R'T,

= . . (3-4)
E[I]+R" T +R" T,

t

Where Ps is the successful transmission probability with associated successful transmission

time Ts, P¢ is the collision probability with collision time T.and E[1] is the average idle period.
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The expressions of Tsand T, in Eq. (3-5) and (3-6) are according to the Figure 3-2 diagram

which applied the DCF scheme and RTS/CTS mechanism.

SIFS SIFS SIFS DIFS
RTS j+—» CTS |« Header Pavload o ACK

Successful transmission t

SIFS  CTS Timeout
RTS |e—ne .

Collision

Figure 3-2. The expression of successful transmission and collision time

T, = RTS+ SFS+CTS+SIFS+ Header # Payload ¥SIFS + ACK + DIFS (3-5)
T, = RTS+SFS+CTS_ Timeott (3-6)

The remained work is to get the probabilities for al periods. Here a three dimension
Markov-chain model [36-38] based on the number of users, the back-off window stages and
process time is used to calculate the probabilities. Finally, substituting all parameters into Eq
(3-4), the transmission ratio probability P; can be calculated.

For the alowable incoming probability, P,, it depends on the call admission control
(CAC) in WLAN system. The main objective of CAC is to prevent channel overload and
protect existing users. Therefore the allowable incoming probability, P,, would be a
conditional probability which depends on the new collision rate and the limits set for all

existing users. If the new incoming user will cause the average collision rate exceed a
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threshold, then CAC will block the incoming flow. To trace the new collision rate, a counter
in Eg. (3-7) which uses the weighted average is simplified to calculate the collision rate

during every period.

CR,new average = (1_ a) CR,incoming +a ’ CR,previous average (3_7)

where Crnew average 1S the average collision rate after admitting the new incoming user,
Crincoming 1S the collision rate for the incoming user, Crprevious average 1S the average collision
rate before admitting the new incoming user and a isthe weighted factor which is designed

by users’ experience (usually be 0.8). With this counter, the allowable incoming probability P,

could be expressed as:
nl
Pa = O P{CR,new average £h| | CR,incoming} (3_8)

i-1

Here assumes there are n independent users in WLAN systems and h, is the limiting
collision rate for each user i. This conditional probability shows when the incoming user
won’t cause the average collision rates set for all users, the new incoming user will be
admitted to WLAN systems.

After getting the probabilities P, and P, the effective throughput for WLAN system
could be calculated (R =R~ P,” R). It can be expected that the effective SNR of WLAN
would be smaller than using the effective throughput as a basis. As a result, with CAC

implemented in WLAN, the user will be harder to handover to WLAN system. The total
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mapping flow is shown in Figure 3-3.

Measurement

FPhysical laver
mechansim

SMNRE

Estimation

AL control

H

Calculation

Call admission

SR SR SR

RL

MMapping

NS/ A

Effective SMNR
(from system perspective)

Figure 3-3. The mapping flow

3.3 QoS-Based Dynamic Handover T hreshold

To reflect the benefit of the vertical handover in various aspects, besides the effective
SNR values, the algorithm needs to consider dynamic thresholds and the associated timers to
achieve the QoS requirements. In the proposed vertical handover algorithm, the dynamic

threshold, H, will depend on service types of either non-real time services or real-time
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services. For non-real-time services, the transmission packets come at a burst and are not
sensitive to the delay. In this case, the user transmission rate becomes the first priority for the
vertical handover. On the other hand, for real-time services, the services have a stringent
requirement in the delay bound. Besides, for WLAN-to-UMTS uplink handover, since WLAN
has a smaller coverage, the connectivity becomes essential in the uplink handover.

To achieve above design goals, the dynamic threshold is proposed as:

RE WLAN

UMTS

4 - - D+DTupIink
H=a-m ( )dB+n bi +k (T)dB (3'9)

where a and b, are weighted factors to,decide the significance of the associated

measurements. R: and R: are the supported data rates from WLAN and UMTS

WLAN UMTS

respectively. D isthe handover latency (the process delay for a vertical handover). The m, n,

and k are values of 0 or 1 which will be decided based on following conditions:

11, for non-real time servicesi

10, otherwise b
{1 for realtime services and b-h >E¢'f'j

n= T y (3-10)
10 otherwise b

_ 11 for uplink handover i
}O, otherwise [\;

where D ; is the packet delay bound for application i, T; is the packet inter-arrival time for
application i, and B is the maximum allowable burst errors (lost packets) within a time of

interest.
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Under this design, for non-real-time services, the throughput ratio provides additional
weight on the threshold, H, calculations. This is because the effective SNR in some cases
can’t accurately represent the absolutely throughput difference between UMTS and WLAN.
See Figure 3-1, the difference of the effective SNR between UMTS and WLAN represented in
blue lines (1) is the same as the red lines (2), but the difference of throughput in red linesis
much larger than blue lines’. The reason is that WLAN throughput may reach the saturation
point no matter how larger SNR is. So the weighted factor for non-real time services is needed.
The dynamic threshold decreases when the throughput ratio of WLAN and UMTS becomes
larger. This will make the UMTS-to-WLAN handover easier. Thus, a mobile with
non-real-time services can achieve higher throughput. For real-time services, besides the
over-air-error, the packet loss happens when the delay-bound expires, the excessive handover
delay, D- D, will also cause the loss packets-in the real-time services. With the allowable
number of lost packets B; for application i the number of lost packets due to the vertical
handover, (D- D,)/T, (see Figure 3-4) should be less than B;. If the resulting error
performance exceeds B;, the effect of the degradation will be considered in the dynamic
threshold, H. To emphasize the connection quality, the weighted factor, b, , as expressed in Eq

(3-9) isincreased proportionally to the increase of the packet loss.

(3-12)
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Figure 3-4. The packet loss for real-time services in handover

Finally, a timer hysteresis, DT, is considered to avoid the ping-pong effect in the

uplink 7

conventional handover control. However since the coverage in WLAN is small, any excessive

delay might result in the discontinuity. of the connection. To resolve this potential problem, the

dynamic threshold, H, will include (D+ DT, /D for an earlier uplink handover trigger if

the time hysteresis DT,

uplin

. islarger. It can be seen'that when the time hysteresis is larger, the

dynamic handover threshold, H, would be larger. The result forces the early trigger for

WLAN-to-UMTS handover, as show in Eq. (3-2).

3.4 Performance-Based Trigger Timer

In conventional handover algorithm, the objective of the trigger timer is to resolve the
ping-pong effect [39, 40]. To calculate a proper trigger timer, a performance-based trigger
timer, which the length of the trigger timer depends on whether the resulting performance can

be improved after the handover, is calculated.

28



3.4.1 Downlink handover

To determine the vertical handover trigger timer, as shown in Figure 3-5, the following

equation is used:
D+2DT 2D+2DT
C\RE WLAN (t)dt > C\FE UMTS (t)dt (3' 12)
D+DT DT

From Eq. (3-12), the handover from UMTS to WLAN is worthwhile only when the user can

transmit more datain WLAN than that in the UMTS after the handover process is finished. To

calculate the downlink handover timer, DT, it is assumed that the Rewan @nd Re ymrs are

ownlink ?

stable during this handover period. In:this case, the timer DT, IS calculated from Eq.

(3-13):
DT ouniink 21 r= R wan (3-13)
r-1 RE UMTS

3.4.2 Uplink handover
The same argument can apply to the uplink handover timer calculation. The uplink handover

isworthwhile when Eq. (3-14) is satisfied:

D+20T 2D+20T
d:\)E ovre(D)dt > d:‘)E wean(D)dt (3-14)
D+DT DT

The uplink handover timer, DT,;;.y ,

is calculated by Eq. (3-15).
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3 2D _ Re wan
uplink ' -
" 1- 1 Re uwrs

(3-15)

The handover timers are not fixed and will be updated based on the value r from time to time.

Throughput  randover

No handover

RWLAM"_"":::“W Ping pong effect
\L(compare throughput

»

DT D Time

DT

Figure 3-5. Trigger time functionality for downlink handover

3.5 Summary of Proposed Vertical Handover Control Algorithm

The proposed vertical handover control algorithm is composed by throughput-based
mapping function, QoS-based dynamic handover threshold, and performance-based trigger
timer. The procedures of the vertical handover control algorithm depicted in Figure 3-6:
1. Measures the signal strength and calculates the effective throughput from system

perspective.
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Uses the mapping function to get the effective SNR.
Applies different services with different QoS requirements to set the dynamic handover
threshold and trigger timer for downlink and uplink handover.

Finally, trigger equationsin Eq (3-1), (3-2) is used to make decision about the handover.
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Figure 3-6. The procedure of proposed vertical handover algorithm
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Chapter 4

Mathematical Model and Numerical Analysis

In this chapter, a mathematical model is created to analyze the handover performance.
Simulation results and the analysis for the proposed vertical handover algorithm are also

given

4.1 M athematical M odel

In this section, the performance of the handover frequency and average throughput is
analyzed and the impacts from the path loss-and snadow fading are considered. The fast
fading will be ignored due to the averaging of the measurements. As calculated in Eq. (4-1)

and (4-2), the signals (in dB) received at MS from UMTS and WLAN, are U (k) and W (k),

respectively.
U(k) =K, - K,lodd, ) +u(d,) (4-1)
W(K) =K, - K, log(w(d, ) +v(w(d,)) (4-2)

As shown in Figure 4-1, dy is the distance when the MS is d meters from UMTS at ki, sample

time and the functionw (dy) calculates the distance from WLAN when the mobile is d meters
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from UMTS. Kj, Kz, K3 and K, are parameters for the path loss. The shadow fading, u (dy)

and v (dy) are assumed to be independent and identically distributed stationary Gaussian

random processes with zero mean and variance,s >.

LIMTS lrajeclory

SO0 meter

Figure 4-1. UMTS and WLAN location

The received signal will be averaged by applying an exponential filter, implemented as a

low-pass filter:
U (K) = F(K)*U(K) =Ti Oaxpge %gJ(k x)dx (4-3)
W(K) = F(K)*W(K) = Ti Oaxpge %.gN(k x)dlx (4-4)

av 0

where F(k):_l_i’ exp('% ) isthe exponential filter, and T, isthe average interval.

av

After analyzing the signal-strength mode, as shown in Figure 4-2, a two-state Markov



model with associated probabilities will be used for representing the behavior of the vertical
handover. As derived in Eq. (4-5), the state probabilities of UMTS, (Pumts), WLAN, (PwLan)
and handover probability, (Pno(K)), can be calculated based on both the transition probabilities

of UMTS to WLAN, (Pwu), and WLAN to UMTS, (Pyw)-

RJMTS(k) = PUMTS(k' 1), (1' Pw1u (k)) + PWLAN(k' 1), Pulw(k)
Ruan(K) = Ruan (k-1 (- R (K) + Ryyrs(k- 1) ’ Puu (K) (4-5)
Pho (k) = RJMTS(k - 1) ’ I:>\/\/|u (k) + P\NLAN (k - 1) ’ Pulw(k)

Pw|u

1 -Pw| n

Pu|w

Figure 4-2. Handover probability motion

Assuming that MS first connects to UMTS where Pymrs (0) =1, Pwan (0) =0, it can be
seen that Eq. (4-5) can be solved if the probability Pyu(K) and Pyw(k) are known.

To solve the transition probability, a vertical handover process is depicted in Figure 4-3.
From Figure 4-3, in UMTS-to-WLAN downlink handover, the transition will occur at the K,

interval If SNLAN (Kdownlink)_ SJMTS(KdOWnIink)>H(Kdownlink) for DTdownIink intervals‘ Here’ If

each mapping sample is independent, Pyu(dk) can be written as:
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K
Ruu(9) =" O P{Suan() - Syurs() > H ) [Ryrs(i - D} (4-6)

i=K gounlink

K =K-DT +1 (4-7)

downlink downlink

A
SwLan-SumTts > H

( Count=Count+1

L

Trigger timer

SwiLan-Sumts > H

/

Count==AT downlink

Swran-Sumts < H
Count=0

SWLAN-SUMTS >H
Count=0

z

Trigger timer

Count ==ATuplink SWLAN-SumTs < H

\_

SWLAN-SUMTS < H]
Count=Count+1

N—

Figure 4-3. Finite state machines for handover process

Eqg. (4-6) can be also rewritten as

£
Pu() = O P{Suan () - Syurs () >H (O} (4-8)

i =K gownlink
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which assumes that the current state and the received strength between the UMTS and WLAN
are independent. Similarly, for WLAN-to-UMTS uplink handover, the probability Pyu(dk) can

also be written as:

£
Riw(K) = '_O P(Suan (i) - Syurs(i) <H (1)) (4-9)
Kuplink =K- DTuplink +1 (4_10)

For the shadowing fading, the probabilities P(S, (1) - Syurs() >H()) and

P(Syan (1) - Syurs (i) <H(i)) can be calculated by using the Q function:

H(Q)- mean(X ()
var(X(i))
PX(0)> H() = QT

X (1) = Syan () - Sywrs (1)

P(X() £ H(i)) =1- Q(

)

(4-11)

where mean(X (i)) is the mean value of X (i) and var(X (i)) is the variance of X(i). By
substituting Eq. (4-11) into (4-8) and (4-9), we can then calculate Pyu(K) and Pyw(k). Finaly,
from EQ. (4-5), Pno(K), Pu(k), and Py(K) can be derived.

When the vertical handover probability P,(k) and the state probabilities P,(k) and Py(k)
are calculated, the vertical handover frequency, H ¢ , and average throughput,ﬁ , for asingle

user can be calculated as follows:
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_anRdm

Hy =t (4-12)

AR re) Rorell) Ru ) RN}

R=12 4-13
T (4-13)

where T is the simulation time. In next section, we will give the simulation results based on

this model and give discussions.

4.2 Numerical Results and Analysis

With the defined scenario, the performance derived in Eq. (4-5) can then be used to
verify the proposed vertical handover—control:algorithm. Without losing the generality, a
hot-spot scenario is assumed where there-is-only one UMTS base station and one WLAN
access point. As shown in Figure 4-1, the trgjectory of mobile will across the WLAN coverage.
The system and traffic parameters are listed in Table 4-1:

Table 4-1. Parameters Used for Numerical Analysis

Parameter Value
UMTS radius 500 meter
WLAN radius 50 meter
Separation between UMTS and WLAN 250 meter
K1,K3 (path loss parameter) 0dB
K2,K4 (path loss parameter) 30dB
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s ? (shadowing variance) 6dB
Tav (average distance for filter) 30 ms
D (handover latency) 500 ms
Sample time 50 ms
Video traffic delay bound (DB) 50 ms
Video frame per second (1/PI) 25 fps
Allowable frame loss rate (B) 5%
a (parameter in H) 5dB

In this simulation, both non-real-time services and real-time services are considered. A
baseline vertical handover algorithm (based.on.the signal-strength trigger only) is used as the
reference to quantify the proposed vertical handover control algorithm.
4.2.1 Non-real-time services

As discussed, for non-real-time services, achieving higher transmission rates will be the
major focus of the proposed vertical handover algorithm. As shown in Figure 4-4, for
non-real-time services, the proposed vertical handover control algorithm achieves higher
system throughput than the baseline handover control algorithm. As expected from Figure 4-5,
the chance of staying in WLAN is higher in the proposed vertical handover control algorithm.
Also, as depicted in Figure 4-6, the proposed vertical handover control algorithm can
substantially reduce the handover frequency, which has a positive impact on the processing

power and the over-the-air signaling.
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Figure 4-5. Average state probabilities for different conditions
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Figure 4-6. Performance comparisons for non-real-time services

4.2.2 Real-time services

For real-time services, the QoS in.terms of the limited number of lost packets within a
delay budget is the major concern in the proposed vertical handover control algorithm. As

depicted in Figures 4-7 and 4-8, with comparable throughput performance, the number of

packet loss rate is reduced significantly

algorithm. The improvement of the packet loss is mainly due to the reduction of the vertical

handover frequency. In this case, the proposed algorithm keeps the mobile in the UMTS about

with the proposed vertical handover control

60% of the time when the user initially connected to UMTS, shown in Figure 4-5.
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Figure 4-8. Performance comparisons for real time services
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Chapter 5

Conclusions

5.1 Contributions

The challenges in designing the vertical handover are addressed and corresponding
solutions are proposed: (1) Throughput-based mapping function is used to resolve the
no-common pilot problem in the integrated system. (2) QoS-based dynamic handover
thresholds could dynamically change the handover criteria for real-time and non-real-time
services. (3) Performance-based trigger timer will-calculate the proper trigger timer to avoid
excessive ping-pong effect caused by an unstable channel conditions. An analytic model is
provided to analyze the handover. perfermance in'the heterogeneous networks. Finally, the
results show the proposed algorithmcould improve the transmission throughput for
non-real-time services and could substantially reduce the packet loss rate for the real-time

services by reducing the vertical handover frequency.

5.2 Future works

In designing the mapping function, it just considers the throughput performance as a
mapping judgment. However the other issues like power budget, building cost, and etc should
be also taken into considerations. So a cost function which is a combination of considered

parameters with associated weighted factors is expected to be a new judgment for controlling
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the vertical handover. Besides, in this scenario, one UMTS cell covers one WLAN cell is
assumed. In fact, one UMTS cells would cover several WLAN cells due to the smaller
coverage of WLAN system. So how to select the WLAN cell as a handover target is an urgent
problem. This issue becomes difficult in uplink handover; this is because mobile can switch to
original UMTS network or handover to other WLAN cells. Those two conditions might have
different handover methods and performances, so how to choose the most suitable decision
for satisfying users’ requirements is a future work. Finally, investigating how to apply this
vertical handover control mechanism as a general form for other heterogeneous networks like

WLAN/WMAN, Ultra-Wideband/UMTS is a good study in the future works.
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