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Abstract 

The present paper is study on IEEE 802.16 standard was designed to support the bandwidth demanding applications with quality 
of service (QoS).Bandwidth is reserved for each application to ensure the QoS. For variable bit rate (VBR) applications, 
however, it is difficult for the subscriber station (SS) to predict the amount of incoming data. To ensure the QoS guaranteed 
services, the SS may reserve more bandwidth than its demand. As a result, the reserved bandwidth may not be fully utilized all 
the time. In this paper, we propose a scheme, named Bandwidth Recycling, to recycle the unused bandwidth without changing 
the existing bandwidth reservation. Then idea of the proposed scheme is to allow other SSs to utilize the unused bandwidth when 
it is available. Thus, the system throughput can be improved while maintaining the same QoS guaranteed services. Mathematical 
analysis and simulation are used to evaluate the proposed scheme. Simulation and analysis results confirm that the proposed 
scheme can recycle 35% of unused bandwidth on average. The simulation results show that our proposed algorithm improves the 
overall throughput by 40% in a steady network. 
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1. Introduction 

In order to provide QoS guaranteed services, the subscriber station (SS) is required to reserve the necessary 
bandwidth from the base station (BS) before any data transmissions. In order to serve variable bit rate (VBR) 
applications, the SS tends to keep the reserved bandwidth to maintain the QoS guaranteed services. Thus the amount 
of reserved bandwidth transmitted data may be more than the amount of transmitted data and may not be fully 
utilized all the time. Although the amount of reserved bandwidth is adjustable via making bandwidth requests (BRs), 
the adjusted bandwidth is applied as early as to the next coming frame. The unused bandwidth in the current frame 
has no chance to be utilized. Moreover, it is very challenging to adjust the amount of reserved bandwidth precisely. 
The SS may be exposed to the risk of degrading the QoS requirements of applications due to the insufficient amount 
of reserved bandwidth. IEEE 802.16 WG IEEE [1] Standard for Local and Metropolitan Area Network Part 16: Air 
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Interface for Fixed Broadband Wireless Access Systems” IEEE Std 802.16.  IEEE 802.16WG IEEE [2] standard for 
local and metropolitan area networks part 16: Air interface for fixed and mobile broadband wireless access systems, 
Amendment 2, IEEE 802.16 Standard. Jianhua He et.al [3] A Dynamic Bandwidth Reservation Scheme for Hybrid 
IEEE 802.16 Wireless Networks. Kamal Gakhar et.al [4] Dynamic resource reservation in IEEE 802.16 broadband 
wireless networks. 
 

To improve the bandwidth utilization while maintaining the same QoS guaranteed services, our research 
objective is twofold i.e. the existing bandwidth reservation is not changed to maintain the same QoS guaranteed 
services and our research work focuses on increasing the bandwidth utilization by utilizing the unused bandwidth. 
We propose a scheme, named Bandwidth Recycling, which recycles the unused bandwidth while keeping the same 
QoS guaranteed services without introducing extra delay. The general concept behind our scheme is to allow other 
SSs to utilize the unused bandwidth left by the current transmitting SS. Since the unused bandwidth is not supposed 
to occur regularly, our scheme allows SSs with non-real time applications, which have more flexibility of delay 
requirements, to recycle the unused bandwidth. Consequently, the unused bandwidth in the current frame can be 
utilized. It is different from the bandwidth adjustment in which the adjusted bandwidth is enforced as early as in the 
next coming frame. Moreover, the unused bandwidth is likely to be released temporarily (i.e., only in the current 
frame) and the existing bandwidth reservation does not change. Therefore, our scheme improves the overall 
throughput while providing the same QoS guaranteed services. Tao et.al [5] Throughput enhancement in WiMax 
mesh networks using concurrent transmission. Xiaofeng Bai et.al [6] Robust QoS Control for Single Carrier PMP 
Mode IEEE 802.16 Systems.  Eun-Chan Park et.al  [7] Dynamic Bandwidth Request-Allocation Algorithm for Real-
time Services in IEEE 802.16 Broadband Wireless Access Networks. 
 
 

According to the IEEE 802.16 standard, SSs scheduled on the uplink (UL) map should have transmission 
opportunities in the current frame. Those SSs are called transmission SSs (TSs) in this paper. The main idea of the 
proposed scheme is to allow the BS to schedule a backup SS for each TS. The backup SS is assigned to standby for 
any opportunities to recycle the unused bandwidth of its corresponding TS. We call the backup SS as the 
complementary station (CS). In the IEEE 802.16 standard, BRs are made in per-connection basis. However, the BS 
allocates bandwidth in per-SS basis. It gives the SS flexibility to allocate the granted bandwidth to each connection 
locally. Therefore, the unused bandwidth is defined as the granted bandwidth which is still available after serving all 
connections running on the SS. In our scheme, when a TS has unused bandwidth, it should transmit a message, 
called releasing message (RM), to inform its corresponding CS to recycle the unused bandwidth. However, because 
of the variety of geographical distance between TS and CS and the transmission power of the TS, the CS may not 
receive the RM. In this case, the benefit of our scheme may be reduced. In this research, we investigate the 
probability that the CS receives a RM successfully. Our theoretical analysis shows that this probability is least 42%, 
which is confirmed by our simulation.  Thomas G. Robertazzi [8] Computer Networks and Systems, Theory and 
Performance Evaluation. Kamal Gakhar [9] How Many Traffic Classes Do We Need In WiMAX. Giuseppe Iazeolla 
[10] Modeling quality of service in IEEE 802.16 networks. 
 

The IEEE 802.16 network is connection-oriented. It gives the advantage of having better control over 
network resource to provide QoS guaranteed services. In order to support wide variety of applications, the IEEE 
802.16 standard classifies traffic into five scheduling classes: Unsolicited Grant Service (UGS), Real Time Polling 
Service (rtPS), Non-real Time Polling Service (nrtPS), Best Effort (BE) and Extended Real Time Polling Service 
(ertPS). Each application is classified into one of the scheduling classes and establishes a connection with the BS 
based on its scheduling class. The BS assigns a connection ID (CID) to each connection. The bandwidth reservation 
is made based on the CID via sending a BR. When receiving a BR, the BS can either grant or reject the BR 
depending on its available resources and scheduling policies. There are two types of BRs defined in the IEEE 802.16 
standard: incremental and aggregate BRs. The former allow the SS to indicate the extra bandwidth required for a 
connection. Thus, the amount of reserved bandwidth can be only increased via incremental BRs. On the other hand, 
the SS specifies the current state of queue for the particular connection via a aggregate request. The BS resets its 
perception of that service’s needs upon receiving the request. Consequently, the reserved bandwidth may be 
decreased. Qualnet scalable-networks.com/products/developer/ new in 45.php [11]. Frank Fitzek and Martin 
Reisslein[12] MPEG–4 and H.263 Video Traces for Network Performance Evaluation. Patrick Seeling [13] Network 
Performance Evaluation Using Frame Size and Quality Traces of Single-Layer and Two-Layer Video: A Tutorial. 
Geert Vander Auwera [14] Traffic and Quality Characterization of Single-Layer Video Streams Encoded with 
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H.264/AVC Advanced Video Coding Standard and Scalable Video Coding Extension. Rajeshwar Rao [15] Review 
on efficient reuse of bandwidth for throughput enhancement in IEEE 802.16 networks. 
 

The main objective of this paper is a scheme, named Bandwidth Recycling, to recycle the unused 
bandwidth without changing the existing bandwidth reservation. Then idea of the proposed scheme is to allow other 
SSs to utilize the unused bandwidth when it is available. Thus, the system throughput can be improved while 
maintaining the same QoS guaranteed services. Bandwidth is reserved for each application to ensure the QoS. To 
ensure the QoS guaranteed services, the SS may reserve more bandwidth than its demand. As a result, the reserved 
bandwidth may not be fully utilized all the time. Mathematical analysis and simulation are used to evaluate the 
proposed scheme. 

 

2. Existing System 

The existing bandwidth reservation is not changed to maintain the same QoS guaranteed services. 
Important part in bringing out the network services lies in existing technology. Routing and switching are the main 
methods of delivering the data through the network. Both have their disadvantages and benefits and there are many 
variations of them applying in different ways to different situations. Another big issue is the resource handling with 
QoS. In IP world, there are a few proposals to resource handling problems and besides that there are a few 
technologies providing different approaches to QoS problems.  Bandwidth transmitted data may be more than the 
amount of transmitted data and may not be fully utilized all the time. Before it is different from the bandwidth 
adjustment in which the adjusted bandwidth is enforced as early as in the next coming frame. Moreover, the unused 
bandwidth is likely to be released temporarily (i.e. only current frame)and the existing bandwidth reservation does 
not change. The ad hoc networking community assumes that the underlying wireless technology is the IEEE 802.11 
standards due to the board availability of interface cards and simulation models. 
 
 
 
3. Proposed System  

Our research work focuses on increasing the bandwidth utilization by utilizing the unused bandwidth. The 
main idea of the proposed scheme is to allow the BS to pre-assign a CS for each TS at the beginning of a frame. The 
CS waits for the possible opportunities to recycle the unused bandwidth of its corresponding TS in this frame. The 
CS information scheduled by the BS is resided in a list, called complementary list (CL). The CL includes the 
mapping relation between each pair of pre-assigned CS and TS. .Each CS is mapped to at least one TS. The CL is 
broadcasted followed by the UL map. To reach the backward compatibility, a broadcast CID (B-CID) is attached in 
front of the CL. Moreover, a stuff byte value (SBV) is transmitted followed by the B-CID to distinguish the CL from 
other broadcast DL transmission intervals. 

Bandwidth reservation allows IEEE 802.16 networks to provide QoS guaranteed services. The SS reserves 
the required bandwidth before any data transmissions. Due to the nature of VBR applications, it is very difficult for 
the SS to make the optimal bandwidth reservation. It is possible that the amount of reserved bandwidth is more than 
the demand. Therefore, the reserved bandwidth cannot be fully utilized. Although the reserved bandwidth can be 
adjusted via BRs, however, the updated reserved bandwidth is applied as early as to the next coming frame and there 
is no way to utilize the unused bandwidth in the current frame. In our scheme, the SS releases its unused bandwidth 
in the current frame and another SS pre-assigned by the BS has opportunities to utilize this unused bandwidth. This 
improves the bandwidth utilization. Moreover, since the existing bandwidth reservation is not changed, the same 
QoS guaranteed services are provided without introducing any extra delay. The IEEE 802.16 network is connection-
oriented .It gives the advantage of having better control over networks resource to provide QOS guaranteed services. 
To improve the bandwidth utilization while maintaining the same QoS guaranteed services, our research objective is 
twofold. The existing bandwidth reservation is not changed to maintain the same QoS guaranteed services. Our 
research work focuses on increasing the bandwidth utilization by unused bandwidth.  
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4. Conclusion 

 
Variable bit rate applications generate data in variant rates. It is very challenging for SSs to predict the 

amount of arriving data precisely. Although the existing method allows the SS to adjust the reserved bandwidth via 
bandwidth requests in each frame, it cannot avoid the risk of failing to satisfy the QoS requirements. Moreover, the 
unused bandwidth occurs in the current frame cannot be utilized by the existing bandwidth adjustment since the 
adjusted amount of bandwidth can be applied as early as in the next coming frame. Our research does not change the 
existing bandwidth reservation to ensure that the same QoS guaranteed services are provided. We proposed 
bandwidth recycling to recycle the unused bandwidth once it occurs. It allows the BS to schedule a complementary 
station for each transmission stations. Each complementary station monitors the entire UL transmission interval of 
its corresponding TS and standby for any opportunities to recycle the unused bandwidth. Besides the naive priority-
based scheduling algorithm, three additional algorithms have been proposed to improve the recycling effectiveness. 
Our mathematical and simulation results confirm that our scheme can not only improve the throughput but also 
reduce the delay with negligible overhead and satisfy the QoS requirements. The proposed study is bandwidth 
recycling to recycle the unused bandwidth once it occurs. It allows the BS to schedule a complementary station for 
each transmission stations. Each complementary station monitors the entire UL transmission interval of its 
corresponding TS and standby for any opportunities to recycle the unused bandwidth .Variable bit rate applications 
generate data in variant rates. It is very challenging for SSs to predict the amount of arriving data precisely. 
Although the existing method allows the SS to adjust the reserved bandwidth via risk of failing to satisfy the QoS 
requirements. Moreover, the unused bandwidth occurs in the current frame cannot be utilized by the existing 
bandwidth adjustment since the adjusted amount of bandwidth can be applied as early as in the next coming frame. 
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