
  

  
Abstract—The main objective of the future networks is to 

provide users with always best connectivity through available 
different access networks. Wireless convergence has emerged as 
a multidimensional concept that combines networks, 
applications, user interfaces and management, which aimed at 
supporting voice, data and multimedia over IP-based networks. 
In this paper, we model the end-to-end quality of service (QoS) 
provisioning mechanisms in the wireless local area network 
(WLAN) and worldwide interoperability for microwave access 
networks (WiMAX) interworking network. For the end to end 
QoS guaranteed service, we make changes to multiple access 
protocol. The media access control (MAC) analysis using 
hybrid protocol based on virtual slot multiple access (VSMA) 
with a novel backoff mechanism is extended to the 
heterogeneous networks and its throughput and delay 
characteristics are analyzed.  By the simulation results, our 
proposed protocol can provide the low end to end delay and 
improved throughput for different traffics, even though the 
traffic load in the network increases. Especially, the end-to-end 
delay of the IP based voice is smaller when the QoS parameter 
mappings are applied to the interworking network. 
 

Index Terms—Backoff mechanism, medium access control, 
WiMAX, WLAN.  
 

I. INTRODUCTION 
The advent of ubiquitous computing and the growth of 

portable computing devices have raised the importance of 
mobile and wireless networking. With the rapid growth of the 
Internet and interactive facilities of multimedia-based 
services, the current wireless technology is flourishing in 
every aspect of human life ranging from home, education, 
medicine, e-commerce and m-commerce. Today, almost 
every network technology is prepared or even explicitly 
designed to transport IP-packets. To meet the ever increasing 
consumer demands the mobile networks have evolved from 
first generation (1G) to fourth generation (4G) [1]. 

In order to ensure consistent user experience across 
heterogeneous wireless networks, the main challenge is to 
provide end-to-end QoS and to optimize transmission of all 
data, voice, and video applications to and among end users. 
The performance needs of applications are characterized by 
four key parameters: bandwidth, packet loss, delay, and jitter 
(i.e., delay variation), which determine the QoS. 

Overall, the needs of the distinct applications are different 
with respect to QoS. For example, some popular data 
applications (such as e-mail and Web access) require low to 
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medium bandwidth and are quite relaxed as far as the delay 
and jitter are concerned. On the other hand, 
Video-on-Demand (VoD) flows have relaxed requirements 
on delay, but they do need high bandwidth and cannot 
tolerate much packet loss or jitter. Voice over IP (VoIP), 
while tolerating some packet loss, needs much lower 
bandwidth than VoD, but it can tolerate neither long delay 
nor jitter. Delay becomes perceptible to the user somewhere 
between 150 and 400 ms, and some network operators 
specify maximum delay in the range of 250–300 ms. Jitter 
should stay under 50 ms [2]. 

 
Fig. 1. WiMAX and WLAN convergent network 

During recent years, IEEE802.11 Wireless Local Area 
Networks (WLAN) have been deployed widely and 802.11 
access points (APs) are able to cover areas of a few thousand 
square meters, making them suitable for enterprise networks 
and public hot spot scenarios such as airports and hotels [3]. 
Recently, WiMAX using the IEEE802.16e standard received 
a great deal of attention because of the high rate of data 
support, its intrinsic QoS and mobility capabilities and a 
much wider area of coverage enabling ubiquitous 
connectivity [4]. An interworking between these 
technologies has been considered as a viable option for the 
realization of the 4G scenario as shown in Fig. 1. However, 
this interoperation raises several challenges especially when 
seamless session continuity is required for, for example, 
media calls such as VoIP or video telephony. Since the 
WiMAX and the WLAN have different protocol 
architectures and QoS support mechanisms, protocol 
adaptation would be required for their interworking [5]-[6]. 
For example, with a layer 2 approach, adaptation would be 
required in the MAC layer for the WiMAX base station (BS) 
and WLAN nodes [7]. 

In this paper, we propose two solutions for a 
WLAN/WiMAX interconnection by taking into account two 
main goals: Traffic priority and implementation issues. The 
first solution is more based on the concept of maintaining a 
certain end to end QoS level independently from the wireless 
technologies used to link them. In that sense, the primitives of 
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the MAC layer of the two protocol stacks have been 
considered in order to assure the requested QoS level for a 
certain connection. The second solution is more dedicated to 
the reduction of the implementation complexity and limiting 
the protocol adaptation between the two stacks. The main 
objective of the proposed heterogeneous networks is to 
provide users with always best connectivity through 
available different access networks even the user is on move. 
The second solution utilizes the concept of virtual slot 
multiple access (VSMA) with a novel backoff mechanism. 

The VSMA is based on the concept of hybridizing carrier 
sense multiple accesses with collision avoidance (CSMA/CA) 
and time division multiple access (TDMA) schemes [8]. The 
VSMA uses idle slot reuse scheme.  In CSMA/CA, a binary 
exponential backoff algorithm is being employed and with a 
fixed contention window (CW), the channel is not used 
efficiently and effectively. Also to meet the increasing user 
demand for multimedia applications, an enhanced backoff 
mechanism has to be incorporated to maintain the throughput 
and to reduce the delay of the network [9]-[10]. In this paper, 
we propose a dynamic CW based access mechanism and our 
proposed algorithm reduces the collision rate and wasted idle 
time which in turn increases the MAC throughput and can 
provide multimedia application even under worst channel 
conditions.  

The rest of the paper is organized as follows. Section II 
describes the proposed heterogeneous network and a hybrid 
access scheme at the MAC layer. Also we propose a novel 
backoff scheme in Section III. In Section IV, we present the 
performance evaluation and discuss about the results and 
finally we conclude the paper in Section V. 

 

II. PROPOSED HETEROGENEOUS SYSTEM  
One vital component for the provision of seamless 

multimedia session continuity is QoS consistency across the 
WLAN and Mobile WiMAX networks. This is vital because 
without QoS consistency the multimedia sessions will 
experience different QoS levels in both network domains, 
and thus seamless continuity will not be achievable. It is 
unfortunate, however, that the WLAN and Mobile WiMAX 
specifications were based on different sets of requirements, 
and ended up supporting different sets of QoS features. 
Consequently, QoS consistency turns out to be a very 
challenging issue. When we target multimedia session 
continuity across WLAN and Mobile WiMAX networks, we 
considered these deficiencies into consideration. The 
discussion is based on the assumption that the WLAN MAC 
layer complies with IEEE 802.11 plus the amendments of 
IEEE 802.11e, and the physical layer complies with IEEE 
802.11g while mobile WiMAX is based on IEEE 802.16e the 
mobile version of IEEE 802.16d. The simulated network 
architecture is shown in Fig. 2. 

The PHY layer is divided in two significant parts: The first 
including 10–66 GHz frequencies and the second regarding 
the 2–11 GHz band. For the 10–66 GHz, the line-of-sight 
(LOS) propagation is needed due to the high working 
frequencies while the 2–11 GHz band is driven by the need 
for non line-of-sight (NLOS) operation [11]. The access 
protocol can be either TDMA or frequency division multiple 

access (FDMA), with both time division duplex (TDD) and 
frequency division duplex (FDD). The physical parameters 
considered in our proposed system uses a channel bandwidth 
of 20, 25, or 28 MHz, with QPSK, 16-QAM, and 64-QAM 
modulations and frame durations of 0.5, 1, and 2 ms. 

 
Fig. 2. Simulated heterogeneous system 

 

A. Medium Access Control (MAC) Layer 
In the proposed heterogeneous model, the MAC layer at 

the base station is responsible for allocating bandwidth to all 
users, in both the uplink and the downlink. The only time the 
mobile station (MS) has some control over bandwidth 
allocation is when it has multiple sessions or connections 
with the base station (BS). Depending on the particular QoS 
and traffic parameters associated with a service, one or more 
of these mechanisms may be used by the MS. The BS 
allocates dedicated or shared resources periodically to each 
MS, which it can use to request bandwidth. 

The most important feature of the hybrid protocol is the 
access to the channel that is based on priorities of the packets 
queued in stations. If the packets are found real time then the 
MS is allowed to access the channel using TDMA 
mechanism. If they found non-real time then it is allowed for 
CSMA/CA mechanism. The CSMA/CA is used instead of 
TDMA to improve channel utilization. This also enhances a 
huge amount of bursty traffic to pass through the empty slot. 
The Fig. 3 describes the procedure of VSMA in detail using 
flowchart. 

The SNR is an important parameter and it depends on data 
packets computing. The value of the parameter will indicate 
the MAC to classify the kind of traffic to send according to 
medium quality. If (SNR) < (SNR)Th, then the station differs 
emission if it has QoS traffic, otherwise it emits the best 
effort traffic. If (SNR) ≥ (SNR)Th, then station transmits best 
effort or QoS traffic. 

 

III. PROPOSED BACKOFF ALGORITHM  
In literature a standard algorithm like exponential increase 

exponential decrease has been addressed for choosing the 
optimum contention window but the algorithm did not 
account for individual priority. Hence we mainly focus on 
choosing the contention window (CW) adaptively based on 
priority for three different conditions. The amount of increase 
or decrease of the CW when a station experiencing a collision, 
overhearing a collision and for a success for different priority 
is discussed in detail as follows: 
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Fig. 3. Flowchart of proposed MAC scheme 

 
 

 
TABLE I:CW SELECTION MECHANISM BASED ON PRIORITY OF SERVICE 
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The basic idea behind our method is that, prioritized access 

to the WLAN medium is controlled through different CW 
periods. The CW generation function has been set to 0 to 
(22+i+k-1) for high priority stations and (22+i+k) to (22+i+k-1) for 
low priority stations respectively. A brief idea about the 
selection of CW for different priorities is shown in Table I. 

The access category 1(AC1) is considered as very high 
priority services and so on, and if a station notices that its 
packet transmission has failed due to packet collision, the 
contention window size of the station will be increased 
linearly and a random backoff time (BT) will be chosen. The 
stations in the deferring state, whenever detects the start of a 
new busy period, which indicates either a collision or a 
packet transmission in the medium, the stations will increase 
their contention window size linearly. If a station has finished 
a successful packet transmission, then the contention window 
size of other stations will be reduced multiplicatively until to 
their initial (minimum) contention window size. In all these 

cases the BT = rand (0, CW−1) × Slot-Time and rand 
indicates a number randomly drawn from distribution 
between 0 and CW.  

 

IV. RESULTS AND DISCUSSION  
The simulation environment is implemented using OPNET 

14.5. The OPNET WiMAX Specialized Model supports the 
IEEE 802.11n and IEEE 802.16e standards. It can be used to 
evaluate custom scheduling algorithms for WiMAX/WLAN 
base and subscriber stations for different MAC and PHY 
layer profiles. The simulation parameters are shown in Table 
II. We tested IP based voice, video and data traffic (HTTP) in 
our proposed VSMA based heterogeneous wireless network. 
Each corresponding node is running voice, video and data 
application with its corresponding access point.  
  

TABLE II: SIMULATION PARAMETERS AT MAC LAYER 

Parameter Details 

Protocol VSMA 

Number of stations 12 

Traffic IP based Voice, Video, 
Data (HTTP) 

Physical channel rate 50 Mb/s 

MAC frame size 50-1500 bytes 

CIFS 35.84 μ s 

PRS0, PRS1 35.84 μ s, 35.84 μ s 

Idle Slot time 35.84 μ s 

RIFS 26.0 μ s 

Frame duration 17 ms 

Symbol duration 71 μ s 

Platform Opnet 14.5 
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Fig. 4.   Access delay of IP based voice traffic 

We have simulated two scenarios namely the 
heterogeneous system with conventional MAC protocol and 
the system with our proposed VSMA based MAC 
mechanism. At each node in the heterogeneous network, 
differentiated QoS service are provided to treat four classes 
of traffic. In our proposed case, all four traffic classes were 
fed into the MAC layer from higher layer, which are 
corresponding to AC(1), AC(2), AC(3) and AC(4) 
respectively to check how efficient the new protocol is to 
provide service differentiation required for real time 
application. 

 
Fig. 5.   Access delay of HD video traffic 

The video traffic namely MPEG-4 is used for isochronous 
traffic and a HTTP traffic model for best effort traffic. Few 
nodes in the network are configured to support IP based voice 
traffic. HTTP traffic can increase the data rate up to channel 
capacity by TCP congestion control mechanism so that 
stations having HTTP traffic continuously try to access to the 
other station’s virtual slot. If the stations do not use their 
virtual slots, they access the channel using only by TDMA 
protocol. 

 
Fig. 6.  Access delay of HTTP traffic 

 
Fig. 4 shows the delay performance of TDMA and VSMA 

in IP based voice traffic flows. It shows the performance 
enhancement of the VSMA in terms of end to end delay, 
since the stations can transmit IP data packets through other 

stations’ idle virtual slots. The delay curves shows less delay 
variation due to nature of delay sensitive voice traffic. From 
these reason, the VSMA supports the minimum delay 
requirement as the number of voice traffic in the network 
increases. Fig. 5 shows the delay performance of HD video 
traffic through the heterogeneous network. The proposed 
MAC mechanism shows an improvement of 50% less delay 
in case of video traffic due to varying contention window 
mechanism. 

 
Fig. 7.  MAC throughput of IP based voice traffic 

Fig. 6 shows the delay performance for HTTP traffic. The 
end to end delay is poorer when the channel is unavailable for 
HTTP traffic as the slots are allocated for voice and video 
traffic. Thus, it increases message delay of HTTP traffic 
dramatically. As a result, the performance of TDMA with 
HTTP traffic is worst. However, VSMA mitigates this 
performance degradation considerably by allocating virtual 
slots and varying the contention window. 

 

 
Fig. 8.  MAC throughput of HD video traffic 

 

Fig. 7 and Fig.8 shows the performance enhancement of 
the proposed scheme in terms of the system throughput. As 
IP based voice and video flows through the channel increases, 
other stations can get a chance to transmit data packet 
through station’s virtual slots. As a result, VSMA achieves 
higher total system throughput than TDMA. But there are too 
many variable Bit Rate (VBR) sources in the network so it 
causes a degradation of total system throughput of both of 
schemes. On the other hand, the portion of HTTP traffic to be 
smaller in the super frame. Fig. 8 shows very high throughput 
improvement for HD video traffic due to the nature of traffic 
and availability of other stations virtual time slots. 
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Fig. 9.  MAC throughput of HTTP traffic 

 

Fig. 9 shows that increase in the number of HTTP flows 
VSMA can have performance enhancement in terms of total 
system throughput. It is observed that the throughput 
improvement is much better when the HTTP is mixed with 
HD video since the characteristic of video traffic generates 
idle timeslots. And it can be used by other HTTP users. In 
conclusion, VSMA scheme makes the stations to effectively 
use the wireless channel resource by employing the virtual 
slot concept. 

V. CONCLUSION 
Heterogeneous networks are becoming more popular in 

delivering broadband services. The deployment of the 
proposed architecture allows users to switch seamlessly 
between these two types of network and provide several 
advantages to both users and service providers. By offering 
integrated WLAN/WiMAX services with QoS support, users 
would benefit from enhanced performance and high data rate 
of such a combined service.  The hybrid protocol using 
VSMA has been investigated in accordance with the 
proposed backoff algorithm and the simulation results 
conclude that the proposed hybrid protocol shows an increase 
in throughput and decrease in delay when compared with the 
conventional scheme. The proposed integrated system is 
expected to serve as an excellent alternative to LTE (Long 
Term Evolution) systems in delivering broadband services to 
“last mile” and “last inch” connectivity.  
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