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Abstract Modern smartphones and wireless-enabled devices are equipped with a number

of interfaces to access multiple networks in heterogeneous wireless networks. Seamless

mobility between these networks can be achieved by optimizing parameters related with

vertical handover management. This paper presents a detailed review of the recent schemes

used for context-aware vertical handover management in heterogeneous wireless networks.

In particular, we reviewed user-centric, network centric, and hybrid schemes, and compare

them in context of throughput, packet loss ratio, and other advantages such as handover

delay, cost, energy, and bandwidth optimization.

Keywords Smartphones � Heterogeneous wireless networks � Seamless mobility �
Handover management � User-centric � Network-centric

1 Introduction

Wireless networks have been undergoing a series of evolutions over the last decade. One of

the most important issues related with these evolutions is the handover management across

homogeneous and heterogeneous wireless networks. The handover management is clas-

sified into two categories: horizontal (between different cells of the same network) and

vertical handovers (between cells of different networks). Figure 1 illustrates the difference

between vertical handover (VHO) and horizontal handover. The VHO is further divided

into two categories: downward VHO and upward VHO. In the first category, the mobile
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node (MN) selects a larger cell with narrow bandwidth while in the second category the

MN selects a smaller cell with a wider bandwidth. VHO gains more attention because an

MN always demands the same quality of service (QoS) across different networks [1, 2].

A VHO is affected by various handover metrics i.e. receive signal strength (RSS), channel

bandwidth, cost, user preferences, etc.

A VHO approach, which is fully controlled by an access network operator, is referred to

as network-centric approach. The main advantage of network-centric approach is that an

access network operator wants its full use of the access network services. The access

network operator can tune operational parameters so that it provides its customers with the

best connectivity to its network. These parameters include cost, data rate, bandwidth, etc.

In traditional handover management schemes, the access network operator provides an MN

with very little authority to perform handover decisions. Instead, handover decisions are

mostly performed by the access network operator.

The MN has the only right to initiate a handover decision. The decision of selecting a

network on the basis of the MN’s current QoS will require high handover time; thus, an

MN will experience high packet loss and handover delay. A handover scheme which

efficiently optimizes both the advantages of the user and network-centric handover

approaches may lead to a generic scheme for future generation of networks.

The context aware handover scheme can dynamically change its nature with the

application (video streaming applications, voice etc.) running on an MN. The context can

be based on either user or network centricity. In application aware handover management,

a user always selects the network which fulfills the requirement of the application during

the handover process. For example, if a user is running a real time application which

requires high bandwidth, then the user must prefer a network which can provide high

bandwidth. If the network selection phase is performed through user centric approach, it

will provide every user with a control to select a network depending on their application

and other factors like cost, etc. In a heterogeneous wireless network, it is not an easy task to

select a network which provides optimal QoS without bandwidth fluctuations and loss of

WIFI (802.11)

UMTS (3GPP)

WiMAX (802.16)

Fig. 1 Illustration of vertical and horizontal handover
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connection. In such situations, context awareness can perform better because it provides a

visible structure of the service execution environment and its adaptable nature to the

current system requirements. In case of user centric approach, a different context can be

used to fulfill the needs of a user. Examples of these contexts include application

requirements, conditions of a network, user preference, etc.

There are a number of issues related with handover management, which can degrade the

performance of mobility management across different networks. It may include QoS,

quality of experience (QoE), the cost of the available networks, bandwidth, etc. However,

before focusing on these issues, an optimal deployment of an access point (AP) or base

station (BS) is a necessary part of the network architecture. A possible solution is to deploy

an AP or BS at a specific location and distance with an overlapping region for seamless

handover from one network to another. The other possible way is the deployment of relay

stations among different networks [3]. However, relay station deployment needs extra

labor and modification in the existing architecture. Therefore, new concepts like Femto-

cells were introduced in the last couple of years to provide indoor connectivity to the MN

without deployment of extra APs and BSs [4, 5]. Moreover, other issues include initiating a

handover process on time. A threshold must be defined on the basis of various parameters

like RSS, signal to interference and noise ratio (SINR), etc., which provides minimum false

handover indications. A threshold criterion for handover initiation depending on RSS is

very common among different access networks, but it may also lead to some serious issues

while selecting a network on the basis of RSS. These issues may include selecting a

network with strong RSS but less data rate, bandwidth, and high cost. As already described,

network selection based on RSS is mainly provided by those access networks that follow

network centric approach for handover.

Based on the user and network-centric approaches, the IEEE published a generic

handover management standard called IEEE 802.21 media independent handover (MIH)

standard in November 2008 [6]. MIH standard provides a solution to combine all of the

IEEE family and 3GPP networks on one platform in the context of handover. The MIH

standard suggests that an MN must be equipped with multiple interfaces to access more

than one access technology. The MN will search the point of attachment (PoA) of different

access technologies before handover initiation.

Many of the mobile phone, laptop, and PDA companies initiate a step in making such

devices which can support more than one interface for accessing multiple networks [7–11].

For example, Intel Corporation is working on the development of chips and network

adapters for next generation of mobile phones, PDAs and laptops [12–14]. They test

different chips and adapters on test beds in an environment of 2.5/5 GHz, and its results are

remarkable [15, 16]. The advances in such devices have rapidly grown toward the mobile

market, and such devices will become very small and portable. Therefore, in the last couple

of years, researchers diverted their focus toward smart handover management schemes.

The future handover management scheme should be made compatible with the next

generation technology requirements. Thus, moving parallel with such advancement can

only be possible if we focus on the context-aware handover management. The terminal

based management schemes are not sufficient and are even diminished with the passage of

time.

This survey provides an in-depth analysis of the context-aware handover management

schemes. The rest of the paper is structured as follows. Section 2 provides a basic idea of

the VHO management process. Section 3 provides an analysis of the context-aware han-

dover management with the user, network, and hybrid (user and network) centric
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approaches. Section 4 provides a comparative summary of the schemes reviewed in the

paper. Finally, Sect. 5 presents the conclusion and future directions.

2 VHO Management Process

A VHO management process consists of three phases: handover initiation, network

selection, and handover execution phases [17, 18]. In handover initiation phase, an MN

checks its connectivity with the current network. If the signal strength from the current

network is not enough to hold a connection, then the MN initiates the handover process.

This connectivity can be checked by different ways, which are listed in Sect. 4. Network

selection phase is sometimes called handover decision phase. In this phase, an MN collects

the information required for handover and then selects a network with the best QoS on the

basis of collected information. After the selection of appropriate network for handover, the

MN executes handover to that network. The resources that are reserved for the MN in a

new network are assigned to it and the resources of an old network are released by the MN.

A more detailed structure of the VHO process is illustrated in the following sections.

2.1 VHO Decision

There are two methods for triggering a handover process: imperative and alternative

mechanisms. In the imperative mechanism, handover is triggered using physical events. In

the MIH standard, the link layer information is sent to the upper layers using the MIH

function. If the information of the link quality is not enough to hold a connection, then a

handover is triggered by the attached MN using LINK_GOING_DOWN event. Similarly,

MIH function has different events used to control the communication of an MN and an AP

or BS.

The alternative handover is sometimes called user handover. The handover is triggered

by user policies or preferences. If a user does not get the required information, then the user

initiates the handover process. For example, if a user experiences a lack of bandwidth from

the current AP or BS, then the user performs handover to the AP or BS with sufficient

Fig. 2 Too early, too late, and wrong cell handover

2276 M. Khan, K. Han

123



bandwidth. Similarly, triggering a handover in a fast moving vehicle is also a challenging

task. When an MN is moving rapidly in a heterogeneous wireless networks, its mobility

pattern changes very quickly. Thus, computing the exact position for handover triggering is

a difficult task to accomplish. There are a number of schemes present in the literature for

handover triggering. These schemes efficiently trigger a handover; thus, saving extra

packet loss and handover delay. Mobility robustness optimization provides an MN with the

support to detect and correct three types of triggering issues i.e. too early, too late, and to a

wrong cell. Researchers proposed various techniques to enhance the process of handover

triggering, avoid these three types of issues, and reduce false handover indications. If a

handover is triggered too early, it uses the network resources in an inefficient way, and an

MN does not successfully connect to the target network. Similarly, in case of too late

handover, the MN moves far away from the current network; hence, it disconnects from the

current network during handover. These three types of issues are explained in Fig. 2.

Various handover triggering schemes are based on the location services such as GPS and

location service server (LSS) [19, 20]. The MN first checks the RSS level if it drops below

than a predefined threshold then the MN checks a decision function to determine whether a

handover trigger is needed or not. The decision function collects different handover

information from LSS. However, these types of handover triggering mechanisms do not

evaluate the handover dropping rate.

2.2 Handover Decision Metrics

Handover decision metrics is categorized into three types: network based, terminal based,

and user preference based. The network based metrics include RSS, SINR, bandwidth, data

rate, security level, cost, and bit error rate (BER). The terminal based metrics consist of

velocity, the location of MN, and battery power of MN. User preference based metrics

includes user policies, profile, and preference. There are a number of handover decision

schemes present in recent literature based on one or more metrics from the categories

above. These schemes perform handover decision based on either user or network pref-

erences. However, the availability of several networks in a heterogeneous environment

makes a network more attractive than another; thus, deciding a handover to a network on

the basis of a single metric is not a good criterion. Therefore, most of the schemes in the

recent literature are based on multiple metrics. Most of the handover decision metrics are

not fully context-aware and they are not always taking the information of handover

decision from multiple sources. These schemes are always biased toward the requirement

of a network operator rather than deciding handover on the basis of user preferences.

2.3 Handover Decision Time

A handover decision time must be carefully selected for an optimal handover process.

Otherwise, there is a possibility of false handover indication which degrades the func-

tionality of a handover process. In traditional approaches, the decision of handover is based

on RSS from a current AP or BS [21–23]. If the RSS from the current network is getting

weaker and it drops below a predefined threshold, the MN initiates a handover process. In

recent literature, various parameters have been identified which directly affects a handover

process. This includes cost, network conditions, terminal conditions, functionality, services

offered by a network, and user demand.
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3 Context Aware Handover Management

We divide the context-aware handover management into three approaches: user-centric,

network centric, and hybrid schemes based on both user and network-centric approaches.

3.1 User Centric Approaches: State of the Art

In a user-centric approach, the decision of handover and selection of network is controlled

by the user. Some of the well-known approaches in this regard are presented below.

A VHO for context-aware streaming video is presented in [24]. The proposed scheme

consists of VHO based TCP-friendly rate control (TFRC) server and TFRC client. The

TFRC client has the VHO decision function. The proposed scheme uses various context

parameters such as current QoS, target network, data rate, and RSS. The server is moni-

toring the transmission rate and then decides a particular sending rate during VHO.

A LINK_UP event message is sent to the upper layers upon the transition of MN from one

network to another. The upper layers notify the server of switching of MN to the new

network. The server redirects the streaming to the new network that contacts the MN. The

scheme uses the MIH standard for VHO. The proposed scheme uses a decision function in

the MN to select the best network for handover. This function selects the network based on

two contexts: RSS and video feature. The MN sets a particular threshold for each context.

When the MN experiences that threshold, it starts the VHO using MIH standard. The

proposed scheme is using MIH standard which has several limitations. For example, if the

streaming server is a number of hops away, then the proposed scheme will have long

handover delay; thus, it experiences packet loss and connection termination. Furthermore,

the proposed scheme only targets those handovers which involve only multimedia com-

munication. The proposed scheme is implemented and tested on a number of MNs. The

results show a significant decrease in packet loss and increase in throughput even if the

numbers of MNs are increased to more than 100 nodes.

A similar scheme has been presented in [25]. The proposed scheme is based on context-

aware VHO for multimedia applications. It works on four different types of context data

i.e. sensed context, the static context, profiled context and derived context. It efficiently

utilizes these four types of data for fast VHO in wireless networks. There are two types of

components used by the proposed scheme for handover i.e. context manager and adapt-

ability manager. The context manager collects, manages and evaluates context information

while the adaptability manager consults the context manager about a particular change in

context data. When the context manager notifies the adaptability manager, it makes a

decision of handover. The proposed scheme efficiently utilizes the user information for

handover initiation. The scheme is performed better in some specific scenarios. The

scheme does not provide any sophisticated threshold mechanism of the context data.

A user-centric based VHO has been proposed in [26]. The user selects an optimal AP

based on two contexts. One is cost, and other is user preferred services. The user first

makes a profile of frequent applications and services. Then, the MN requests for the

required resources from different APs. The APs send the required information to MN, and

the MN selects the target network based on information received from different APs. The

scheme performs better in selecting an optimal network, but it lacks different implemen-

tation criteria. The scheme does not check the SINR from different APs because SINR

gives a more accurate decision in scenarios where MN moves with high velocity. Simi-

larly, the coverage area of a WLAN AP is smaller as compared to the coverage area of a
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GSM’s BS. An MN can experience frequent handovers during its movement in an envi-

ronment where more APs are present than BSs. Thus, in a smaller coverage area of an AP,

selecting an optimal network and then handover to it requires more handover time which

can cause extra handover delay. The proposed scheme does not provide any mechanisms to

deal with frequent handovers. Thus, the proposed scheme cannot be used as a generic

scheme for VHO management in heterogeneous wireless networks.

A user-centric handover based on optimal network selection is presented in [27]. The

authors explore the problem of accessing the same network by multiple users during

handover. The proposed scheme provides a solution to balance the number of users of

different networks using a novel scheme called quantified adaptive delay selection

(QADS). It computes a weighted score for each access network based on two different

context information, cost, and bandwidth. If the information of a network is enough to

accept new connections, then the MN performs handover to that particular network.

Otherwise, the MN selects another network.

A context computing support for network-assisted seamless VHO has been presented in

[28]. The proposed scheme optimizes the network selection objectives using the analytic

hierarchy process (AHP) [29]. The AHP works in three steps. In the first step, it identifies

the relative importance of the optimization objectives. In the second step, it compares the

weight of each objective for each network. In the third step, it computes the score of each

network. The unnecessary handover is avoided using dwell timer concept presented in [30].

dwell timer helps in maintaining a call session during a specific cell. The concept of the

dwell timer is modified using user speed and handover latency for various amounts of time

rather than a fixed value. The procedure of the handover process is shown in Fig. 3.

One of the major issues in MIH standard is that it cannot select the best network for

handover. It only selects the network whose RSS is strong enough. However, RSS does not

work well as a handover criterion in many situations. A scheme has been proposed to

improve the resource management decision using prediction algorithms in [31]. Achieving

reconfigurable interoperability between hybrid communication infrastructures is a chal-

lenging task. A project was introduced with the support of NATO called reconfigurable

interoperability of wireless communications systems (RIWCoS). The project was later on

briefly described in different research works [32–35]. RIWCoS modified the existing MIH

standard for integrating new services to support user centricity and making handover

decisions on the basis of different contexts like MN’s position extrapolation, maximum

data flow rate, and signal power of a PoA. The RIWCoS offers user based reconfigura-

bility. The user profile, rules, and policies must be taken into consideration, and the

network preferences should not be applied. The development made in the [26–29] is

combined in a software prototype shown in Fig. 4.

The interoperability manager (IM) handles monitoring network devices. The MN per-

forms handover based on either link layer information or user policies defined after con-

sulting MIIS server. The rest of the operation is similar to the MIH standard. The

connection is switched from the current network to the new network, and the data buffered

during handover is redirected to the PoA of the new network.

The amount of energy consumed during a handover process is a key context, and it

should be carefully considered during a handover process. The QoS of a network is also

dependent on the energy consumption. Nowadays, smartphones are equipped with more

than one interface for accessing multiple networks i.e. GSM, WiFi. Thus, a smartphone

requires more energy as compared to a cell phone with a single interface. A number of

schemes have been presented in the current literature, which uses energy consumption as

one of the parameters for VHO in heterogeneous wireless networks [36–43]. Unfortunately,
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all of these schemes do not focus on a generic scenario. Rather, they mainly focus on

specific scenarios. Therefore, these schemes cannot be considered as energy efficient

handover schemes for the next generation networks. A handover scheme based on energy

efficiency has been presented in [44]. The proposed scheme computes the context infor-

mation for energy-centric VHO decision. The scheme is divided into three auxiliary and one

primary module. The first auxiliary module monitors and gathers real-time raw-data for

different energy parameters. The second auxiliary module defines different energy contexts

from this raw-data. The third auxiliary module discovers new networks, and it lists down the

available PoAs. Finally, the primary module makes a decision of handover based on the

available energy context information. The process of energy efficient handover is illustrated

in Fig. 5.

3.2 Network Centric Approaches: State of the Art

Most traditional handover management techniques are based on network-centric approa-

ches. The network is solely responsible for making handover decision on the basis of user

location, speed, and intensity of the receiving signals. These schemes have many benefits

and limitations. The limitations may include the selection of expensive and overloaded

network. Its benefits may include the full usage of the network resources, QoS, high

Fig. 3 Flowchart showing handover decision and execution phases [29]
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Fig. 4 RIWCoS software prototype’s architecture [32]

Fig. 5 Proposed VHO framework [44]
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bandwidth, etc. In this section, we briefly overview the handover schemes based on net-

work-centric approach.

A ubiquitous server based cross-network mobility scheme has been presented in [45].

The proposed scheme uses the location information of the user as a context to perform

cross-layer handover. The location information includes user’s presence, the position of

neighboring devices and PoA, available bandwidth, priority parameters, and applications

used by the MN. Different technologies are integrated to achieve cross-layer mobility. The

cross-network handover functionality is enabled through MIRAI [46]. The advantage of

using MIRAI is that it provides separate data and signaling path. The signaling method

provides a user with location update, paging and handover functionalities. The proposed

scheme is designed by combining the advantages of MIRAI agent and service mobility

proxy for cross-device handover [47]. The ubiquitous networking server (UNS) is placed

on the entrance of a home or a network. The MN is always connected with the UNS, which

forwards the incoming packet to the MN upon checking its location. The MN does not need

to perform handover because it is always connected to the UNS. The proposed scheme

allows a user to watch efficiently videos while an MN is switching from one network to

another. The throughput is increased by performing handover on time and minimizing false

handover indications. This system is good for small offices and living apartments. How-

ever, it must be installed with new architecture and technologies for a large network.

In general, a context-aware based handover approach requires more time as compared to

the traditional handover approaches, but it can select an optimal network for handover. In

high mobility scenarios, computing network information is a challenging task. To deal with

such scenarios, a scheme based on learning the context information in vehicular networks

has been addressed in [48]. The proposed scheme uses the relay vehicle concept to obtain

information of a high QoS network for handover. The author uses the model presented in

[49] for computing SINR. The context information of the path loss and fading prediction is

computed using the information of speed, location, and trajectory information while

employing the GPS functionality in the proposed scheme. The handover margin (M) and

trigger time are optimized for each vehicle. The optimization of both these parameters

minimizes the number of false handover indication. The handover process starts with Event

A3 presented in [50]. Assuming that the received signal from the current BS and the new

BS are denoted by m and n, respectively, then event A3 checks the condition of Rm

Rn
�M for

handover initiation. If this condition is satisfied, then the proposed scheme checks too-early

and to-late handover. If all of these three conditions are satisfied, then the handover process

is executed. Otherwise, the MN waits for a time (T). Obtaining context information in the

high mobile environment is a challenging task, but the proposed scheme efficiently

computes these contexts. Similarly, the RSS is optimized for minimizing false handover

indications and throughput is increased by improving channel quality. The system is not

yet tested in the real world in a vehicular environment. The system should be tested on test

beds to avail its performance in vehicular handover management.

One of the major issues in WCMA networks is the choice of a cost function while an

MN wants to perform handover from one cell to another. The performance of the WCDMA

networks can be optimized by many parameters. One way to optimize these parameters is

to select a cost function with minimum weight. A scheme based on the derivation of

second order gradient method for minimizing cost function is addressed in [51]. The author

proposed a combination of the key performance indicator (KPI) as a choice for the cost

function. In real-time networks, there are many problems which affect the optimization of

the cost function i.e. variation in traffic types, the number of users, and load on a network.
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Real time networks are normally dynamic and mostly dependent on the variation of the

time factor. The author proposed an algorithm which shows how to evaluate these values at

any given time. This algorithm starts by finding a cost function on a time t1. Then, it finds

the increase and decrease in the weight of parameters which affects a cost function. In the

last step, the MN selects an appropriate WCDMA network for handover on the basis of

cost value which is obtained from the cost function. The advantage of the proposed scheme

is that it selects a new cell on the basis of weighted cost function. The proposed scheme

provides a cell with minimum cost and low blocking. The system still has a few issues. It is

not a generic scheme for all types of WCDMA networks. Therefore, the system cannot be

considered as a generic scheme for handover in the next generation networks.

The weighted product method (WPM) and technique for order preference by similarity

to ideal solution (TOPSIS) have been designed to assign a weight to a particular parameter

like cost and speed of an MN [52, 53]. A scheme based on decision making has been

proposed in [54]. The proposed scheme modified WPM on the basis of a weighted dis-

tribution method using the state of a user at a given time. The author used service oriented

architecture (SOA) platform to achieve context-aware services in the proposed scheme

[55]. The platform is divided into three parts (1) Service registry and management (2)

Service provider and (3) Service consumer. There are different contexts that can be con-

sidered in each of those three parts of SOA [56–58]. The availability and reliability of a

context are very important. A better contextual decision is always dependent on the quality

of context (QoC) [59–61]. Once the context aggregation part is carried out, the next step is

to build a user profile on the basis of available context. Further, each attribute of a context

is assigned a weight. The modified WPM is used to rank the attributes of a particular access

network in the context of bandwidth, delay, cost, and packet loss ratio. The context with

the greatest preference is chosen for handover. The optimization of weight assignment

greatly maximized the throughput of the system. Similarly, other contexts used in the

system are also optimized for maximum performance.

In the last decade, several schemes were presented to focus on setting signal strength

threshold for handover [62–65]. Some of the schemes were presented to enhance the

process of link going down (LGD) event and improve the performance of a network [66–

70]. The MIH standard initiates handover and selects the new network on the basis of RSS

strength. A scheme based on the integration of context awareness functionality in the MIH

standard has been proposed in [71]. The context aware functionality enhances the process

of LGD event. The handover triggering mechanism is based on LGD time and handover

preparation time required by a user [72]. The handover preparation time is computed on the

basis of historical data and current packet loss ratio. Thus, it provides the user with

sufficient time to make handover decisions. The context aware module is divided into four

different parts i.e. context data, estimator, adaptor, and result. The context data consists of

the history handover preparation time and current packet loss ratio. The estimator performs

estimation on user history preparation time and current packet loss ratio context. The

adaptor compares the estimated information with the history information of context data,

and finally the results from the adaptor are saved in the result part. The proposed scheme

efficiently optimizes the handover preparation time for a user and significantly reduces the

time required for handover. The proposed scheme also minimizes the number of false

handover up to a great extent, and this helps in increasing application throughput. One of

the limitations in this scheme is that it uses RSS for handover indication which sometime

leads to inappropriate selection of the network during handover.
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3.3 Hybrid (Network and User Centric) Approaches: State of the Art

The hybrid scheme has many advantages. It can select an optimal network on the basis of

user preferences and can perform handover on the basis of network centricity. The detailed

survey of such schemes is presented here.

A context-aware VHO based on maximizing the computational capabilities of various

needs in a pervasive computing environment has been presented in [73]. The architecture

of the home and the foreign agent has been used in a variety of traditional Mobile IP (MIP)

handover management schemes [21, 74–77]. The protocol requirements in MIPv4 in the

pervasive systems are different in many contexts like routing, security, etc. The MN in

pervasive systems uses triangular routing while moving from the home agent to the foreign

agent. The triangular routing produces longer end-to-end (E2E) delay; hence, it is not a

good choice for multimedia applications. The authors proposed a new architecture for the

handover management in pervasive systems. They provide a scalable mechanism to obtain

context information and perform handover on the basis of the information. The architecture

of the proposed scheme was tested on different heterogeneous networks. The system is

illustrated in Fig. 6.

As depicted in Fig. 6, each of the active nodes performs context management, evalu-

ation and decision during each personal computing environment (PCE). The network

dispatches a node to the most appropriate node on the basis of its location. The active node

can perform handover to different types of networks such as GPRS/UMTS, WiFi, and

Bluetooth networks. The central context repository (CCR) uses three type of context

information i.e. static, dynamic, and infrastructure for handover. The CCR transfers these

three types of context information to the active nodes to perform handover to the appro-

priate network. Filter repository is used to filter the information that is duplicated during a

handover process. Table 1 shows the context information available in static, dynamic and

infrastructure context.

Fig. 6 Architecture of the proposed scheme in [73]
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The system uses the new infrastructure in the existing system, which leads to high cost

and technology. The redundant positioning system (RPS) has been presented in [78]. The

RPS provides the accurate location of the user across multiple administrative domains. The

MN performs handover on the basis of a decision process. This process checks user

mobility, performance and device change or degradation of QoS in a network [79]. A

similar scheme for context-aware VHO based on multimode mobile devices in heteroge-

neous networks has been presented in [80]. The handover decision in 3GPP networks is

solely based on the network operator. The proposed scheme provides an additional

mobility support function (MSF) to support handover decision on the basis of user pref-

erences. It also integrates the network policies and user preference for handover decision.

The user defines a list of the applications and services frequently used during handover,

and the required bandwidth is computed and assigned to each application and service. The

MSF provides a common interface between an MN and access network for handover. The

proposed system uses an intelligent context model. This model is designed on the basis of

static and dynamic information available in Table 1. The information for terminal side

consists of display size, resolution, battery life, memory, processor speed, and available

interface. On the network side, the information consists of the service provider profile

(provider identity, charging model) and current QoS parameters of APs. The handover

decision model is based on six primary objectives: interface priority, minimum cost,

maximum throughput, minimum delay, minimum jitter, and minimum BER. On the basis

of these objectives, an MN defines three priorities, (1) primary objective priority (2)

available networks priority and (3) application priority. Once the context of each network

is computed by the multimode MN, it makes a table and assigns context capability to the

access network. The multimode node is moving inside a heterogeneous network, before

performing handover, compares the context of capabilities of different networks. After

comparing the context, the multimode node performs handover to the network with the

largest context. The author did not provide quantitative analysis of the cost and other

contexts used in the system. The system should be tested in real time networking to

checking its performance against the existing infrastructure used for similar purpose.

Another scheme (similar to [73, 80] ) for mobility management between 3GPP and

other technologies has been presented in [81]. This scheme also uses MSF for handover

management. The MN sends some information to the MSF: (1) capabilities of the UE, (2)

scanned access networks, and (3) request for acceptance of a network among many

available networks. The MSF replies to MN with three types of information: (1) one of the

acceptable network from the list generated by MN, (2) handover procedure i.e. authenti-

cation, and (3) request to execute handover.

Table 1 Context information
used in [74]

Context Information

Static User QoS perceptibility requirements
User mobility history
Location positioning system

Dynamic User and device location
Network QoS i.e. delay, loss rate, bandwidth,
and jitter

Infrastructure Network coverage
Type of nodes in the network i.e. routers,
base station, etc.

Capacity of each node
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An intelligent context-aware solution based on user and service requirements has been

presented in [82]. The proposed scheme is composed of three phases. In the first phase, the

MN collects context information necessary for selecting an appropriate network for han-

dover. On the network side, these context information are network coverage, RSS, the speed

of anMN, load, bandwidth, BER, delay, and jitter. On the user side, the context information is

cost and QoS. In the second phase, the MN makes a decision on the basis of information

gathered in the first phase. TheMN initiates handover when its RSS drops below a predefined

threshold used in [83]. A fuzzy logic scheme is used to check the QoS of the current network

[84, 85]. The fuzzy logic scheme uses previous handover data for computing QoS of a

network. If the QoS of the current network is not good enough to provide better service, then

theMN initiates the handover process. After initiating a handover process, theMN selects an

appropriate network based on a priority matrix called analytic hierarchal process (AHP). The

MN selects the network with the highest QoS and initiates handover to that particular net-

work. In the last phase, the MN executes handover. The new network provides MN with the

association, resource allocation, and routing services. The scheme employs fuzzy logic for

computing the network quality, and it sometimes leads to the selection of inappropriate

quality. The previous handover data should always be updated in case of system failure. The

system is good where the network is less congested.

4 Comparison of the User, Network and Hybrid Centric Approaches

In this research, we studied mainly those context-aware VHO schemes which provide

enhanced throughput and minimum packet loss. Research in context-aware VHO man-

agement is still a challenging area. The main difficulty is devising a generic context-aware

VHO management scheme based on achieving high throughput and minimum packet loss.

All of the schemes discussed in this survey are combined, and their achievements in the

context of throughput and packet loss ratio and other advantages such as handover delay,

cost, and bandwidth optimization are combined in Table 2.

5 Conclusion

In this paper, we investigated the well-known schemes used for context-aware VHO

management in heterogeneous wireless networks. An efficient handover management

scheme can be designed by keeping a balanced relation among different handover

parameters. These parameters can be tuned either by a user or a network, but the best

possible approach is to design a scheme that takes care of both user satisfaction and full use

of network resources.

An optimized handover triggering mechanism can initiate a handover decision on a

perfect time. Most schemes presented in the current literature lack the quality of handover

triggering mechanism, and they are mainly based on RSS from current AP or BS. Simi-

larly, various other issues to be addressed are presented in the current literature. These

issues include high handover delay from WLAN to cellular networks, redirection of high

bandwidth data from one AP or BS to another, and selection of inappropriate network for

handover. Network selection algorithms can be based on different parameters like band-

width, data rate, cost, user preference, etc. Unfortunately, most of these schemes lack the

resourceful criteria for the selection of the best network for handover. We identified
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different issues in the existing schemes in Sect. 3. The key purpose of this survey is to

provide a generic platform for the design of context-aware VHO management for the next

generation of networks.

After carefully examining the schemes used for context-aware VHO management in this

survey, we suggest the following points for designing a context-aware VHO management

scheme for the next generation of networks. A generic context-aware VHO management

scheme can be designed if the network selection is performed by the user while the

handover initiation and execution is carried out by the access network operator. In the

future, a user will have multiple options to build its personal profile for different networks.

Nowadays, the modern smart phone provides a user with different options to build a profile

for energy consumption (power saving mode), connection time to a particular network and

connecting to a low-cost network. A generic system needs to be designed on the basis of

different contexts like bandwidth, cost, signal strength, availability, handover delay, jitter,

packet loss, and performance. In the next generation of networks, a user will use a par-

ticular access network operator for all of these contexts and then decide the network with

the highest context. This process can be made more efficient if every access network

operator provides the information of the above contexts to a central server. When a user

wants to perform a handover, it will contact the server and obtains the relevant information

of contexts. Thus, a user can easily choose one of the appropriate networks for handover in

heterogeneous wireless networks using the context information of the available networks.

We provided an extensive summary of the VHO schemes in the context of best network

selection algorithm, decision making, and handover time optimization. The technicality of

the schemes presented in the literature was summarized in user, network, and hybrid

centric approaches.

Acknowledgments This work was supported by the Ministry of Education, Science Technology (MEST)
and National Research Foundation of Korea (NRF) through the Creative Human Resource Training Project
for Regional Innovation (2014). This work was supported by the IT R&D program of MSIP/IITP.
[10041145, Self-Organized Software platform (SoSp) for Welfare Devices]. This study was supported by the
BK21 Plus project (SW Human Resource Development Program for Supporting Smart Life) funded by the
Ministry of Education, School of Computer Science and Engineering, Kyungpook National University,
Korea (21A20131600005).

References

1. Buddhikot, M. M., et al. (2003). Design and implementation of a WLAN/CDMA 2000 interworking
architecture. IEEE Communication Magazine, 41(11), 90–100.

2. McNair, J., & Zhu, F. (2004). Vertical handoffs in fourth-generation. IEEE Wireless Communication,
11(3), 8–15.

3. Sydir, J., & Taori, R. (2009). An evolved cellular system architecture incorporating relay stations—
[WiMAX update]. IEEE Communication Magazine, 47(6), 115–121.

4. Chandrasekhar, V., Andrews, J., & Gatherer, A. (2008). Femtocell networks: a survey. IEEE Com-
munication Magazine, 46(9), 59–67.

5. Yeh, S.-P., Talwar, S., Lee, S.-C., & Kim, H. (2008). WiMAX femtocells: A perspective on network
architecture, capacity, and coverage. IEEE Communication Magazine, 46(10), 58–65.

6. IEEE standard for local and metropolitan area networks—Part 21: Media independent handover. IEEE
Standard (2008).

7. D. S. X. 16. [Online]. http://www.dell.com/us/en/home/notebooks/laptop-studio-xps-16/pd.aspx?refid=
laptop-studio-xps-16\&cs=19\&s=dhs

8. F. L. P8020. [Online]. http://www.fmworld.net/globalpc/products/index.html
9. T. S. series. [Online]. www.lenovo.com
10. T. P. R600-ST520 W. [Online]. http://laptops.toshiba.com/laptops/portege/R600

A Survey of Context Aware Vertical Handover Management… 2289

123

http://www.dell.com/us/en/home/notebooks/laptop-studio-xps-16/pd.aspx%3frefid%3dlaptop-studio-xps-16%5c%26cs%3d19%5c%26s%3ddhs
http://www.dell.com/us/en/home/notebooks/laptop-studio-xps-16/pd.aspx%3frefid%3dlaptop-studio-xps-16%5c%26cs%3d19%5c%26s%3ddhs
http://www.fmworld.net/globalpc/products/index.html
http://www.lenovo.com
http://laptops.toshiba.com/laptops/portege/R600


11. N. Corporation. (2009). Nokia Booklet 3G brings all day mobility to the PC world: Press release.
[Online]. http://www.nokia.com/press/press-releases/showpressrelease?newsid=1336683

12. http://www.intel.com/products/mid/
13. I. Inc. Enabling small form factors and energy-efficient performance: White paper. [Online]. http://

download.intel.com/technology/wimax/deliver-wimax-faster.pdf
14. I. Inc. (2007). Welcome to your internet future—Mobile broadband brought to you by WiMAX: White

Paper. [Online]. http://download.intel.com/network/connectivity/products/wireless/318987.pdf
15. I. Inc. (2009). Intel WiMAX/WiFi link 5150, product brief. [Online]. http://download.intel.com/

network/connectivity/products/wireless/320663/5150.pdf
16. I. Inc. (2008). Intel WiMAX/WiFi link 5350, product brief. [Online]. http://download.intel.com/

network/connectivity/products/wireless/320663.pdf
17. Chan, P. M. L., Sheriff, R. E., Hu, Y. F., & Conforto, P. (2001). Mobility management incorporating

fuzzy logic for heterogeneous a IP environment. IEEE Communications Magazine, 39(12), 42–51.
18. Stevens-Navarro, E., & Wong, V. W. S. (2006). Comparison between vertical handoff decision algo-

rithms for heterogeneous wireless networks. In IEEE 63rd vehicular technology conference (pp.
947–951). Melbourne, Vic.

19. Huang, H., & Hu, W. (2011). A fast handover scheme based on GPS information for IEEE 802.16e on
high-speed railway. In International conference on electronics, communications and control (ICECC)
(pp. 2408–2412). Ningbo.

20. Leu, F.-Y., & Liang, K.-C. (2011). A location-based handoff scheme based on IEEE 802.21 in
heterogeneous wireless networks. In Fifth international conference on innovative mobile and internet
services in ubiquitous computing (IMIS) (pp. 571–576). Seoul.

21. Pahlavan, K., Krishnamurthy, P., Hatami, A., & Ylianttila, M. (2000). Handoff in hybrid mobile data
networks. IEEE Personal Communications, 7(2), 34–47.

22. Zdarsky, F. A., Schmitt, J. B. (2004). Handover in mobile communication networks: Who is in control
anyway?. In Proceedings of the 30th euromicro conference (pp. 205–212).

23. Perkins, C. E. (2002). Mobile IP. IEEE Communications Magazine, 40(5), 66–82.
24. Pyun, J.-Y. (2008). Context-aware streaming video system for vertical handover over wireless overlay

network. IEEE Transactions on Consumer Electronics, 54(1), 71–79.
25. Indulska, J., & Balasubramaniam, S. (2004). Context-aware vertical handovers between WLAN and 3G

networks. In IEEE 59th vehicular technology conference (pp. 3019–302).
26. Prehofer, C., Nafisi, N., & Wei, Q. (2005). A framework for context-aware handover decisions. In 14th

IEEE proceedings on personal, indoor and mobile radio communications (pp. 2794–2798).
27. Fiterau, M., Ormond, O., & Muntean, G. (2009). Performance of handover for multiple users in

heterogeneous wireless networks. In IEEE 34th conference on local computer networks (pp. 257–260).
Zurich.

28. Pawar, P., van Beijnum, B.-J., Hermens, H., Wac, K., & Konstantas, D. (2009). Context-aware com-
puting support for network-assisted seamless vertical handover in remote patient monitoring. In In-
ternational conference on advanced information networking and applications workshops (pp. 351–358).
Bradford.

29. Pervaiz, H., & Bigham, J. (2009). Game theoretical formulation of network selection in competing
wireless networks: An analytic hierarchy process model. In Third international conference on next
generation mobile applications, services and technologies (pp. 292–297). Cardiff, Wales.

30. Hong, C. P., Kang, T. H., & Kim, S. D. (2006). A profile based vertical handoff scheme for ubiquitous
computing environment. In 9th Asia-Pacific network operations and management symposium (pp.
102–111). Busan.

31. Gavrilescu, M., et al. (2011). Context-aware reconfigurable interoperability for vertical handover in
wireless communications. In 2nd International conference on wireless communication, vehicular
technology, information theory and aerospace and electronic systems technology (pp. 1–5). Chennai.

32. Andrei, V., Popovici, E. C., Fratu, O., & Halunga, S. (2009) The architecture of a software module,
supporting vertical handover in heterogenous networks. In Proceedings of international conference ETAI.

33. Popovici, E. C., Andrei, V., Fratu, O., & Halunga, S. V. (2009). Real-time monitoring design of a
wireless network device for vertical handover on multimod terminals. In 2nd International symposium
on applied sciences in biomedical and communication technologies (pp. 1–6). Bratislava.

34. Andrei, V., Popovici, E. C., Fratu, O., & Halunga, S. V. (2010). Solution for implementing IEEE 802.21
media independent information service. In 8th International conference on communications (COMM)
(pp. 519–522). Bucharest.

35. Andrei, V., Poovici, E. C., Fratu, O., & Halunga, S. V. (2010). Development of an IEEE 802.21 media
independent information service. In IEEE international conference on automation quality and testing
robotics Cluj-Napoca, Romania.

2290 M. Khan, K. Han

123

http://www.nokia.com/press/press-releases/showpressrelease%3fnewsid%3d1336683
http://www.intel.com/products/mid/
http://download.intel.com/technology/wimax/deliver-wimax-faster.pdf
http://download.intel.com/technology/wimax/deliver-wimax-faster.pdf
http://download.intel.com/network/connectivity/products/wireless/318987.pdf
http://download.intel.com/network/connectivity/products/wireless/320663/5150.pdf
http://download.intel.com/network/connectivity/products/wireless/320663/5150.pdf
http://download.intel.com/network/connectivity/products/wireless/320663.pdf
http://download.intel.com/network/connectivity/products/wireless/320663.pdf


36. Nam, M., Choi, N., Seok, Y., & Choi, Y. (2004). WISE: Energy-efficient interface selection on vertical
handoff between 3G networks and WLANs. In IEEE international symposium on personal, indoor and
mobile radio communications (pp. 692–698).

37. Seo, S. H., & Song, J. S. (2009). An energy-efficient interface selection for multi-mode terminals by
utilizing out-of-band paging channels. Telecommunication Systems Springer, 42(1–2), 151–161.

38. Salawu, N., & Onwuka, E. N. (2009). Energy optimisation mechanism for for mobile terminals using
vertical handoff between WLAN and CDMA2000 networks. Leonardo Electronic Journal of Practices
and Technologies, 15, 51–58.

39. Shih, E., Bahl, P., & Sinclair, M. J. (2002). Wake on wireless: An event driven energy saving strategy
for battery operated devices. In Proceedings of the 8th annual international conference on mobile
computing and networking MobiCom ‘02 (pp. 160–171). Atlanta, Georgia.

40. Perrucci, G. P., Fitzek, F. H. P., Sasso, G., Kellerer, W., & Widmer, J. (2009). On the impact of 2G and
3G network usage for mobile phones’ battery life. In European wireless conference (pp. 255–259).
Aalborg.

41. Fitzek, F., Pedersen, M., Perrucci, G. P., & Larsen, T. (2008). Energy and link measurements for mobile
phones using IEEE802.11b/g, In 6th International symposium on modeling and optimization in mobile,
ad hoc, and wireless networks and workshops (pp. 36–36). Berlin.

42. Harris, A. F., Stojanovic, M., & Zorzi, M. (2009). Idle-time energy savings through wake-up modes in
underwater acoustic networks. Ad Hoc Networks, 7(4), 770–777.

43. A. Communications. (2003) Power consumption and energy efficiency. [Online]. http://www.atheros.
com/pt/papers.html

44. Xenakis, D., Passas, N., Di Gregorio, L., & Verikoukis, C. (2011). A context-aware vertical handover
framework towards energy-efficiency. In IEEE 73rd vehicular technology conference (pp. 1–5).
Yokohama.

45. Inoue, M., Hasegawa, M., & Morikawa, H. (2055). Decentralized ubiquitous networking server for
context-aware seamless services. In IEEE 61st vehicular technology conference (pp. 1550–2252).

46. Wu, G., Mizuno, M., & Havinga, P. J. M. (2002). MIRAI architecture for heterogeneous network. IEEE
Communications Magazine, 40(2), 126–134.

47. Hasegawa, M., et al. (2003). Cross-device handover using the service mobility proxy. In WPMC’03
(Vol. 2, pp. 1033–1037).

48. Liao, Q., Penna, F., Stanczak, S., Ren, Z., & Fertl, P. (2013). Context-aware handover optimization for
relay-aided vehicular terminals. In IEEE 14th workshop on signal processing advances in wireless
communications (pp. 555–559). Darmstadt.

49. Einhaus, M., Klein, O., & Lott, M. (2005). Interference averaging and avoidance in the downlink of an
OFDMA system. In 16th International symposium on personal, indoor and mobile radio communica-
tions (pp. 905–910). Berlin.

50. GPP. (2012). TS 36.331, radio resource control (RRC); protocol specification. [Online]. http://www.
3gpp.org

51. Flanagan, J. A., & Novosad, T. (2002). WCDMA network cost function minimization for soft handover
optimization with variable user load. In IEEE 56th vehicular technology conference, (pp. 2224–2228).

52. Chen, S., Hwang, C., Beckmann, M., & Krelle, W. (1992). Fuzzy multiple attribute decision making:
Methods and applications. Secaucus, NJ: Springer.

53. Mateo, J. R. S. C. (2012). TOPSIS. In Multi criteria analysis in the renewable energy industry. (pp.
43–48). London: Springer.

54. TalebiFard, P., & Leung, V. C. M. (2011). A dynamic context-aware access network selection for
handover in heterogeneous network environments. In IEEE conference on computer communications
workshops (INFOCOM WKSHPS) (pp. 385–390). Shanghai.

55. Erl, T. (2007). Principles of service design. Upper Saddle River, NJ: Prentice Hall.
56. Padovitz, A., Loke, S. W., & Zaslavsky, A. (2004). Towards a theory of context spaces. In Proceedings

of the second IEEE annual conference on pervasive computing and communications workshops (pp.
38–42).

57. Padovitz, A., Loke, S., Zaslavsky, A., Burg, B., & Bartolini, C. (2005). An Approach to Data Fusion for
Context Awareness. In 5th International and interdisciplinary conference (pp. 353–367). Paris.

58. Schilit, B. (1995). A context-aware system architecture for mobile distributed. In Unpublished PhD,
Columbia University.

59. Kim, Y., & Lee, K. (2006). A quality measurement method of context information in ubiquitous
environments. In International conference on hybrid information technology (pp. 576–581). Cheju
Island.

60. Manzoor, A., Truong, H., & Dustdar, S. (2008). On the evaluation of quality of context. In EuroSSC ‘08
proceedings of the 3rd european conference on smart sensing and context (pp. 140–153).

A Survey of Context Aware Vertical Handover Management… 2291

123

http://www.atheros.com/pt/papers.html
http://www.atheros.com/pt/papers.html
http://www.3gpp.org
http://www.3gpp.org


61. Buchholz, T., Kupper, A., & Schiffers, M. (2003). Quality of context: What it is and why we need it. In
Proceedings of the workshop of the HP OpenView University Association.

62. Al Mosawi, T., Shuaib, H., & Aghvami, A. H. (2009). A fast handover scheme based on smart triggers
and SIP. In IEEE 70th vehicular technology conference (pp. 1–5). Anchorage, AK.

63. Chien, S. F., Liu, H., Low, A. L. Y., Maciocco, C., & Ho, Y. L. (2008). Smart predictive trigger for
effective handover in wireless networks. In IEEE international conference on communications (pp.
2175–2181). Beijing.

64. Melia, T., Boscolo, L., Vidal, A., & de la Oliva, A. (2007). IEEE 802.21 reliable event service support
for network controlled handover scenarios. In IEEE global telecommunications conference (pp.
5000–5005). Washington, DC.

65. Yoo, S.-J., Cypher, D., & Golmie, N. (2007). LMS predictive link triggering for seamless handovers in
heterogeneous wireless networks. In IEEE military communications conference (pp. 1–7). Orlando, FL, USA.

66. Pontes, A., dos Passos Silva, D., Jailton, J., Rodrigues, O., & Dias, K. L. (2008). Handover management
in integrated WLAN and mobile WiMAX networks. IEEE Wireless Communications, 15(5), 86–95.

67. Ferrus, R., Sallent, O., & Agustı́, R. (2010). Interworking in heterogeneous wireless networks: Com-
prehensive framework and future trends. IEEE Wireless Communications, 17(2), 22–31.

68. Lampropoulos, G., Skianis, C., & Neves, P. (2010). Optimized fusion of heterogeneous wireless net-
works based on media-independent handover operations. IEEE Wireless Communications, 17(4), 78–87.

69. Huang, C.-M., Lee, C.-H., & Tseng, P.-H. (2009). Multihomed SIP-based network mobility using IEEE
802.21 media independent handover. In IEEE international conference on communications (pp. 1–5).
Dresden.

70. Rodriguez, J., Tsagaropoulos, M., Politis, I., Kotsopoulos, S., & Dagiuklas, T. (2009). A middleware
architecture supporting seamless and secure multimedia services across an intertechnology radio access
network. IEEE Wireless Communications, 16(5), 24–31.

71. Xiong, M., Cao, J., & Zhang, J. (2011). Context-aware mechanism for IEEE 802.21 media independent
handover. In Proceedings of 20th international conference on computer communications and networks
(pp. 1–6). Maui, HI.

72. Yoo, S.-J., Cypher, D., & Golmie, N. (2009). Predictive link trigger mechanism for seamless handovers
in heterogeneous wireless networks. Wireless Communications and Mobile Computing, 9(5), 685–703.

73. Balasubramaniam, S., Pfeifer, T., & Indulska, J. (2006). Active node supporting context-aware vertical
handover in pervasive computing environment with redundant positioning. In 1st International sym-
posium on wireless pervasive computing (pp. 1–6).

74. Perkins, C. E. (1998). Mobile networking through Mobile IP. IEEE Internet Computing, 2(1), 58–69.
75. Floroiu, J. W., Ruppelt, R., Sisalem, D., & Voglimacci, J. (2003). Seamless handover in terrestrial radio

access networks: A case study. IEEE Communications Magazine, 41(11), 110–116.
76. Stemm, M., & Katz, R. H. (1998). Vertical handoffs in wireless overlay networks.Mobile Networks and

Applications, 3(4), 335–350.
77. Helal, S., Lee, C., Zhang, Y., & Richard, G. G. (2000). An architecture for wireless LAN/WAN

integration. In IEEE wireless communications and networking confernce (pp. 1035–1041). Chicago, IL.
78. Pfeifer, T. (2004). Redundancy vs. Imperfect positioning for context-dependent. In Proceeding of 1st

international workshop on advanced context modeling, reasoning, and management (pp. 1079–1085).
Nottingham.

79. Balasubramaniam, S., & Indulska, J. (2004). Vertical handover supporting pervasive computing in
future wireless networks. Computer Communications, 27(8), 708–719.

80. Ahmed, T., Kyamakya, K., & Ludwig, M. (2006). Architecture of a context-aware vertical handover
decision model and its performance analysis for GPRS–WiFi handover. In 11th IEEE symposium on
computers and communications (pp. 795–801).

81. Kuhn, G., Eisl, J., & Becker, H. (2007). Co-operative handover in 3G system architecture evolution. In
32nd IEEE conference on local computer networks (pp. 643–650). Dublin.

82. Zekri, M., Jouaber, B., & Zeghlache, D. (2010). Context aware vertical handover decision making in
heterogeneous wireless networks. in IEEE 35th conference on local computer networks (pp. 764–768).
Denver, CO.

83. Taylor, M. S., Waung, W., & Banan, M. (1997). Internetwork mobility: The CDPD approach. Upper
Saddle River, NJ: Prentice-Hall Inc.

84. Chan, P. M. L., Hu, Y. F., & Sheriff, R. E. (2002). Implementation of fuzzy multiple objective decision
making algorithm in a heterogeneous mobile environment. In IEEE wireless communications and
networking conference (WCNC) (pp. 332–336).

85. Kassar, M., Kervella, B., & Pujolle, G. (2007). Architecture of an intelligent inter-system handover
management scheme. In Future generation communication and networking (FGCN) (pp. 332–337). Jeju
Island.

2292 M. Khan, K. Han

123



Murad Khan received the B.S. degree in computer science from
university of Peshawar Pakistan in 2008. He is currently a Ph.D.
candidate of department of electrical engineering and computer sci-
ence in Kyungpook National University, Daegu, Korea. His area of
expertise includes vertical handover management in ad-hoc and
wireless networks.

Kijun Han received the B.S. degree in electrical engineering from
Seoul National University, Korea, in 1979 and the M.S. degree in
electrical engineering from the KAIST, Korea, in 1981 and the M.S.
and Ph.D. degrees in computer engineering from the University of
Arizona, in 1985 and 1987, respectively. He has been a professor of
department of electrical engineering and computer science at the
Kyungpook National University, Korea since 1988.

A Survey of Context Aware Vertical Handover Management… 2293

123


	A Survey of Context Aware Vertical Handover Management Schemes in Heterogeneous Wireless Networks
	Abstract
	Introduction
	VHO Management Process
	VHO Decision
	Handover Decision Metrics
	Handover Decision Time

	Context Aware Handover Management
	User Centric Approaches: State of the Art
	Network Centric Approaches: State of the Art
	Hybrid (Network and User Centric) Approaches: State of the Art

	Comparison of the User, Network and Hybrid Centric Approaches
	Conclusion
	Acknowledgments
	References




