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Abstract— The faster growth of Internet, the upgradation of 

technology and decreased cost of electronic components, 

increasingly number of users are using the mobile data 

access and data transfer by using various network interfaces 

for the devices such as laptop, notebook, tablet and smart-

phone using various Radio access technologies(RAT) like 

802.11, Bluetooth, GSM, 3G, WiMAX etc. The existing 

wireless technologies vary with services provided like 

bandwidth, price, coverage, quality of service support. If 

there is restriction on the usage of these available resources 

as interfaces on the user device as single interface at a time 

limits the flexibility and better utilization. So by using 

multiple interfaces simultaneously, can improve quality and 

deliver support for applications requiring high bandwidth. 

Further delay can be reduced when alternate path of 

communications are kept alive enhancing the reliability of 

data. Heterogeneous wireless network is a wireless 

communication system where Internet services will be given 

and delivered by using multiple technologies like Wi-Fi, 

GSM and WiMAX etc. There are some Internet applications 

that demands high bandwidth and therefore, the bandwidth 

of an individual interface need to be aggregated to form a 

high speedy logical link. Bandwidth aggregation in 

heterogeneous wireless network will provide many of 

benefits for real time applications. Different range of 

bandwidths which can be operated independently, so 

aggregation of these different bandwidths can be used into a 

multi-mode device which will help to improve the 

performance of real-time applications. Concurrent Multipath 

Transfer (CMT) scheme in multihomed mobile networks is 

having a problem of the utilization of different paths with 

diverse delays. These delays may cause packet reordering 

among packets of the same flow. The reordering makes 

worse situation in TCP by bringing more time outs and 

unnecessary retransmissions. This will degrade the 

throughput of connections. 
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I. INTRODUCTION 

It has been observed that the Heterogeneous wireless 

network (HWN) is spreading in many places and its 

supportive devices have been added to the market. For 

instance, Apples iPhone and Nokia N series that enable 

users to connect at least four radio interfaces including 

GSM, 3G, Wi-Fi. With the incidence of a variety of wireless 

technologies, seamless migration of connections [5] (vertical 

handoff) from one interface to another, content adaptation 

[6] to suit the characteristics of the interface have also been 

addressed. However, the basis of most of the research in this 

domain has been confined to single interface use at any 

given time to meet all the connectivity requirements of the 

applications. Present wireless technologies differ widely in 

terms of services delivered bandwidth, pricing, coverage etc. 

limits the flexibility available to the end user in making the 

best use of all available resources on his interfaces. Today’s 

Multimode Devices (MDs) are designed in a such way that 

it is possible to be configured multiple interfaces at a time. 

These network technologies provide different range of 

bandwidths and every technology is operated independently. 

Modern mobile devices, e.g., smartphones and tablets, are 

usually provided with multiple network interfaces, such as 

Wi-Fi and 3G, which infers the chances of multipath 

communication with enhanced throughput on a device. 

However, existing mobile devices don’t exploit such a great 

potential because they just simply activate a single network 

interface for data transmission. For example, the 3G 

interface of smartphones with Android OS will be 

automatically turned off when Wi-Fi connection is 

available. It is anticipated that future wireless 

communication system will be the combination of multiple 

wireless technologies like GSM, Wi-Fi and WiMAX etc. 

There are some applications like video streaming, online 

gaming and high definition television those require high 

bandwidth. A single technology may not be possible to 

transmit these applications and the term bandwidth 

aggregation has been introduced. It gives an additional 

opportunity to the network operators to increase network 

capacity to provide high bandwidth demanded applications. 

Bandwidth aggregation is one of the effective solutions that 

can be used by the combination of multiple Radio access 

technologies (RATs) in the heterogeneous wireless network 

using Multimode Devices (MD). An MD can transmit the 

same application through different RATs to the same 

destination to enhance the throughput and overall quality of 

the network. In this regard, two new entities Bandwidth 

Aggregation Router (BARs) will be introduced in sender 

and receiver side. The sender entity aggregates all the 

available RATs and chooses the best solutions for the 

respective applications where the receiver entity merges and 

reorders the packets to the destination. The overall concept 

can be cleared from figure. In a typical network these 

technologies namely GSM, Wi-Fi and WiMAX are 

available. 

 
Fig. 1: Bandwidth Aggregation 

A user may choose one of them according to their 

demand and need. Moreover, they may switch from one 

interface to another interface for the optimum support of 

their applications. In many places the mobile users already 

facilitated multiple interfaces in a single MD and this trend 

is increasing. However, synchronization of these interfaces 
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into an MD is critical issue considering this scenario in 

HWN, the selection of RAT is a great challenge according 

to the application Demand of the sender MD. 

 
Fig. 2: Concurrent Multipath Transfer 

Therefore, this paper aims to outline the selection 

of RATs in an efficient way so that the minimum number of 

RATs can be selected and bandwidth can be utilized. The 

rest of the paper explains more about the benefits and 

challenges of bandwidth aggregation. Recent studies have 

suggested that concurrent multipath transfer (CMT) (Phatak 

and Goff, 2002; Hsieh and Siva Kumar, 2005; Iyengar etal. 

2006; Liao etal. 2008) is an effective traffic technique to 

enhance throughput by aggregating bandwidth, especially 

for the high-bandwidth applications such as video 

sharing/download/streaming. Other advantages involve 

elevated service reliability, latency reduction, and fault 

tolerance by sending redundant data over different paths, 

and improved mobility when combining coverage areas of 

multiple mobile and wireless access networks. Three 

important issues in the use of multiple paths in multihomed 

mobile networks are: (1) Increase in aggregated throughput, 

(2) minimizing the reordering caused by the delay, and (3) 

Variation of the throughput and delay in wireless networks. 

In packet-switched networks such as the Internet, a packet is 

the smallest unit of data that can be transmitted over a 

network. In a multi-path network, a packet flow can be 

divided over multiple paths between a source and a 

destination. That is, packets injected into the network later 

arrive at the destination before the packets injected into the 

network earlier. Current TCP protocol does not deal with 

this problem, leaving it rather to be misstated as packet 

losses by the protocol stacks of these networks. CMT needs 

schemes that can divide traffic across multiple paths, while 

solving the problem of reordering. 

II. LITERATURE SURVEY 

The literature survey regarding which methodology should 

be applied was taken considering the following existing 

algorithms. Allen L.Ramaboli, OlabisiE Falowo, Anthony 

H. Chan [1] presents comprehensive survey bandwidth 

aggregation solutions have been proposed to enable use of a 

multimode terminals multiple network interfaces at the same 

time to improve throughput, load balancing and reduced 

latency developed to exploit bandwidth capacity from 

multiple wireless links. Bradley Raymond Zeller [2] goal of 

this is to implement a bandwidth aggregation system on the 

iPhone. To validate the system, called Cell-Share. For single 

downloads, the dynamic RRIP scheduling method was the 

best choice because work was scheduled proportional to 

what the interface could handle. Zaiyang Tang, Zirui Wang, 

Peng Li, Xiaofei Liao, and Hai Jin, IEEE gives a bandwidth 

aggregation prototype, [3] named ALPA, at the application 

layer for mobile devices. An energy-aware scheduling 

algorithm called E-Schedule is proposed to reduce energy 

consumption while guaranteeing saving of desired energy 

for web browsing and video streaming applications while 

guaranteeing energy saving. M. H. Masud, S. A. Latif AND 

F. Anwar M. K. Alam [4] the process of RAT selection in 

HWN for bandwidth has been addressed for high demand 

required applications. The proposed algorithm can utilize 

the bandwidth by selecting the appropriate RATs in HWN. 

Suhaimi A. Latif, Mosharrof H Masud, Farhat Anwar and 

Md. Khorshed Alam [5] says efficient scheduling algorithms 

Applications. Are the effective tools that can enhance the 

quality of HWN. The challenges of packet reordering and 

useful simulation tools are mentioned in this research as a 

future guideline of the research. Kameswari Chebrolu and 

Ramesh R. Rao [6] in this paper the benefits of  use of 

multiple interfaces at same time and propose a network-

layer architecture that enables such use. The services 

provided by the architecture are BAG (bandwidth 

aggregation) for real-time applications. The scheduling 

algorithm that BAG employs (EDPF) mimics closely the 

idealized Aggregated single link case and outperforms by 

large margin approaches based on weighted round robin. 

D.Poornima1, S.Vijayashaarathi2 [7] suggests various 

aspects of research issues involved in video streaming over 

networks and several techniques are addressed to overcome 

the challenges. Wireless Network has possessed a lot of 

research opportunities at various segments of wireless 

communication particularly in Video Streaming that provide 

us effective video delivery. Recently researchers in the 

heterogeneous wireless network domain concentrates on 

quality of services, frame lost, security, Bandwidth, 

Handover delay, energy constraints and so many things are 

being approached at integrated manner for providing 

effective video communication. The fundamental objective 

of Heterogeneous network operator is to provide effective 

communication with all users. Jiyan Wu, Bo Cheng, Chau 

Yuen, Yanlei Shang, and Junliang Chen [8]provides us a 

novel distortion-aware concurrent multipath transfer (CMT-

DA) scheme to support high-quality video streaming over 

wireless networks. Through modelling and analysis, we 

have found solutions for per-path status estimation, 

congestion window adaption, flow rate allocation, and data 

retransmission. Jingyu Wanga, Jianxin Liaoan, TonghongLi 

b CMT [9] allows utilizing multiple paths to transmit packet 

in parallel between a source and destination. Transmitting 

packets from a single to multiple paths with different RTTs 

can lead to out of order packet arrival and hence TCP like 

performance degradation. Our motive is to maximize the 

aggregate throughput while decreasing the probability of 

packet reordering caused by the delay difference. 
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III. PROPOSED WORK 

A. Bandwidth Aggregation 

 
Fig. 3: Bandwidth Aggregation 

 Bandwidth aggregation can be defined as harvesting 

and aggregating of offered bandwidth from multiple 

RATs to create a high speed logical link. 

 The link can then be used by a multimode terminal for 

applications with high-bandwidth demands. 

 Benefits Of Bandwidth Aggregation 

1) Increased Throughput 

2) Improved packet delivery and reliability 

 Packet reordering Occurs because the order of packet of 

same flow at receiver is different than at sender. 

 Stages of Concurrent Multipath Transfer in sequence  

1) Originating App  

2) Receive packets 

3) Fragment packets 

4) Determine the next available link 

5) Add header (sequencing and other info) 

6) Forward packets 

7) Receiving App receives packets 

8) Removes header 

9) Recombine fragment into whole packets 

 
Fig. 4: Important Stages 

B. Interface Selection 

1) Contains the set of available Radio interfaces. 

2) Responsible for picking out optimal Radio 

interfaces to meet the bandwidth requirement. 

C. Scheduling Algorithm 

It decides how packets can be striped and the order in which 

they are scheduled for transmission over multiple links. Also 

ensure that the packets are delivered correctly. 

D. Re-Sequencing Unit 

1) Resides at receiver side and assembles the incoming 

packets. 

2) Responsible for arranging the packets in desired order. 

E. Link Monitor 

1) Crucial for assuring significant bandwidth. 

2) Maintains link dynamics. 

3) Provides the information to other components. 

F. Algorithm Flow-Chart 

 
Fig. 5: Algoritmic flowchart 

IV. CONCLUSION 

By implementing Bandwidth aggregation through 

concurrent multipath transfer of data in wireless network we 

are going to achieve the required throughput and end to end 

delays will be minimized. Packet delivery and reliability 

will be improved It is expected that the proposed method 

can select the minimum set of the RATs based on the 

required applications demand that will improve the 

throughput and utilizes the wireless resources. 
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