Technology to provide connectivity

CHAPTER 1

INTRODUCTION

1.1 Background
The IEEE 802.16 is a standard recommended by IEEE as a Wireless Metropolitan Area Network (WMAN) technology to provide connectivity to the last mile of a network. The IEEE 802.16 standard, Air Interface for Fixed Broadband Wireless Access (BWA) Systems [1], has been ratified by IEEE as a WMAN technology. This technology aims at providing broadband wireless last-mile access in a Metropolitan Area Network (MAN), with performance comparable to traditional cable, Digital Subscriber Line (DSL), or T1 services. Figure 1.1 illustrates the broadband wireless in WiMAX as last-mile access. The most widely used Wireless technology, IEEE 802.11, can only be used in a Local Area Network (LAN) environment because its transmission range can only cover up to few hundred meters. While 802.16 have a transmission range of few kilometers, it also supports Quality of Service (QoS) by providing various service classes and by having high bandwidth.

WiMAX, meaning Worldwide Interoperability for Microwave Access, is based on WMAN standards developed by the IEEE 802.16 group and adopted by both IEEE and the ETSI HIPERMAN group with an emphasis on the Physical (PHY) layer and Medium Access Control (MAC) layer features [2]. WiMAX technology enables ubiquitous delivery of wireless broadband service for fixed and/or mobile users, and became a reality in 2006 when Korea Telecom started the deployment of a 2.3 GHz version of mobile WiMAX service called WiBRO in the Seoul metropolitan area to offer high performance for data and video [3]. Efforts are already underway to define interoperability of WiMAX and WiBRO equipment.

The IEEE 802.16 WiMAX provides a mechanism for deploying broadband wireless networks in geographically large areas. The IEEE 802.16 has become an attractive alternative, as it can be deployed rapidly even in areas difficult for wired infrastructures to reach and also, it covers broad geographical area in more economical and time efficient manner than traditional wired systems [5]. The standard defines two modes of operation named: Point-to-Multipoint (PMP) and Mesh Mode. The WiMAX PMP architecture has a cellular-like structure consisting of a Base Station (BS) and multiple Subscriber Stations (SS) [6].

In this infrastructure, SS nodes are only allowed to establish communication with the BS in its cell. A cell is a basic geographic unit of a cellular system. In the Mesh Mode, on the other hand, nodes are structured in an ad hoc manner, where they can communicate with neighboring nodes or relay traffic to the BS. It means that some SSs are not in direct contact with BS. For example, an object such as a building could be blocking the path from BS to the SS. In such network, a relay mechanism is required at intermediate SSs that will relay information to other SSs that are not in direct contact with BS. An example of the two infrastructures is shown in Figure 1.2.

The MAC and PHY layers of WiMAX are carefully designed to support several real time applications with QoS guarantees. One of the most important tasks of a scheduling scheme is to satisfy the QoS requirements of its users while efficiently utilizing the available bandwidth. Packet scheduling is the process of resolving contention for shared resources in a network. The process involves allocating bandwidth among the users and determining their transmission order [7]. The IEEE 802.16 standard does not specify the scheduling algorithm to be used. Vendors and operators have the choice among many existing scheduling techniques; they can also propose their own scheduling algorithms [8]. Despite of the above advantages, IEEE 802.16 WirelessMAN lacks in MAC scheduling architecture in uplink as well as downlink direction. Efficient scheduling design is left for the designers and thus providing QoS for IEEE 802.16 BWA system is challenge for system developers.
1.2 Performance Analysis of the IEEE 802.16 for QoS Support in Network Simulation Tools
WiMAX, based on IEEE standard 802.16 attempts to bring quality of services, high data rates and coverage to wireless computer networks and to work as a "last mile" solution for end user access. As WiMAX is currently under development with parts of the 802.16 standard being complete, this is an interesting case for an observational and comparative study [9]. Simulation is an essential tool for the evaluation of development and performance of communication networks. Recently, most of the researchers done the performance analysis of the WiMAX using existing open source or commercialize simulation tools by proposing or adding a new module specifically for WiMAX. The focus of their implementation is the MAC layer and its mechanisms for bandwidth allocation and QoS support. The theoretical values do not always fit the reality. That's why researchers used network simulation tools to presents a solution to test the performance of technologies including WiMAX.

As mention before, WiMAX is a very promising technology for high throughput and the large coverage. Scheduling algorithms are of utmost importance in WiMAX for achieving and this part is not defined and left open for vendors to implement as per their needs. Through the simulation tools, researchers concentrate on developing scheduling architecture for evaluating performances of various scheduling algorithms because the actual version of the standard does not define a Medium Access Control (MAC) layers scheduling architecture in uplink as well as downlink direction to providing services for diverse traffic classes, with different WiMAX QoS classes and requirements.

Recently, several WiMAX simulators have been developed to provide a preliminary analysis for advanced WiMAX system development. Among the tools available for network simulation is the open source tool Network Simulator (NS-2) [10], one of the most popular in the research community because it implements a rich set of internet protocol, including wired and wireless networks. Until today, this simulator does not implement a definitive WiMAX module, but there are some WiMAX ns-2 modules implemented by National Institute of Standards and Technology (NIST) and Network and Distributed Systems Laboratory (NDSL) [11]. Other simulation tools such as QualNet, OPNET Modeler and GloMoSim which are commercial softwares also used to facilitates the WiMAX studies of network behaviors and performance analysis. There are few researchers willing to develop their own simulation tools such as NCTUs [12] but very small numbers of researchers carried out by means of an event-driven simulator developed using General Purpose Language.

All these network simulation tools mention above generally focused on MAC layer and its mechanisms for bandwidth allocation and QoS support. We will look in Chapter 3 into details of how QoS architecture for IEEE 802.16 MAC layer developed in these simulation tools.
1.3 Problem Statement
Recently so much depends and concentration on existing commercial as well as open source simulation tools for network simulation including WiMAX. For the purpose of evaluating WiMAX performance analysis for QoS support in common simulation environment this result the lack of choices. The evaluation of the WiMAX 802.16 packet scheduling performance strategies is insufficient in context of Discrete Event Simulation (DES) simulators develop using General-Purpose Language. Therefore there exists a major problem of flexibility to add and manipulate the modules for WiMAX.
1.4 Research Objectives
The research objectives of this project are as follows:
· Develops classification of WiMAX scheduling algorithms

· Develop a WiMAX DES in C++ programming language and simulate representative of scheduling algorithms to evaluate the performance analysis under different mixes of traffic taking into account with assumptions and limitations.
1.5 Research Scope
The scope of this research is developing a WiMAX DES in C++ for evaluating the performance of the proposed scheduling schemes. The scheduling scheme focusing in this research are Weighted Round Robin (WRR) and Earliest Deadline First (EDF). On the other hand, the major characteristic of the IEEE 802.16 MAC layer such as bandwidth request mechanisms, frame size and the uplink burst preamble is not considered in the developing the WiMAX DES.
1.6 Thesis Organization
This thesis is organized into five chapters including this introductory chapter. The rest of the chapters in this thesis are as follows:
Chapter 2, provide a description of the IEEE 802.16 standards with a focus on the IEEE 802.16-2004 [1] standard. This chapter also discusses about the reference model of IEEE 802.16-2004 extension, scheduling algorithms for uplink traffic in WiMAX and several network simulation tools.
Chapter 3 discuss the methodology used in this research. We provide detailed information of the existing WiMAX module in various network simulation tools as well as DES simulator for WiMAX. This chapter also describe in detail the representative uplink scheduling algorithms in WiMAX used in this project which are WRR and EDF.
Chapter 4 provide the implementation details, including assumptions, scopes, and simulation model and implementation decisions made in the process. The performance study along with discussion of this research under different conditions also discussed. We provide some graph with their results to shows how the ratio of SS effect scheduling algorithms used in different traffic sources.
Chapter 5 concludes the overall study of this research and suggests on the related future work.
CHAPTER 2

LITERATURE REVIEW

2.1 Introduction
This chapter gives an overview of the WiMAX/IEEE 802.16 standard. First, the WiMAX/IEEE 802.16 standard family as well as its role in the global wireless standards is surveyed. The WiMAX architecture and its protocol stack are also presented to illustrate the attributes of WiMAX systems, including their advantages. Second, we will discuss the characteristics of the reference model of IEEE 802.16-2004 extension which comprise of MAC and PHY layers as specified in the IEEE 802.16 standard. More specifically, we will higlight various network simulation tools used for design and implementation of QoS class in WiMAX. Third, we will then discuss several packet scheduling algorithms for the uplink traffic in WiMAX PMP mode.
2.2 Broadband Wireless Access (BWA)
Broadband Wireless Access (BWA) has become the best way to meet residential and small business demand for high speed Internet access and multimedia services [13]. As an emerging technology for broadband access, it provides the following advantages over its wired competitors: 1) rapid deployment and ease to implement, a BWA network can be installed rapidly without extensive underground cable infrastructure as in the case of Cable or DSL networks, 2) high scalability, carriers can expand the BWA network as subscribers demand for bandwidth grows by adding channels, or cells, 3) lower maintenance and upgrade costs and 4) higher data rates. However, the wide scale adoption of BWA systems will be determined by its ability to overcome cost and performance barriers. If BWA can meet these challenges it could easily be the next revolution in wireless networks systems such as WLANs.
2.3 Worldwide Interoperability of Microwave Access (WiMAX)
WiMAX is an emerging standard to provide wireless broadband access for point-to-point and point-to-multipoint applications. It is a standards-based technology that enables the delivery of last mile wireless broadband access as an alternative to cable and DSL. WiMAX is a standard for a certification mark for products that pass conformity and interoperability tests for IEEE 802.16 standards. Compared to wired solutions, WiMAX provides ubiquitous access with lower deployment and maintenance costs.

The name "WiMAX" was created by the WiMAX Forum, which was formed in June 2001 to promote conformity and interoperability of the standard. The forum describes WiMAX as "a standards-based technology enabling the delivery of last mile wireless broadband access as an alternative to cable and DSL". The last mile is the final leg of delivering connectivity from a communications provider to a customer. The WiMAX Forum, an industry-led, non-profit organization which, as of the 1st quarter of 2008, has more that 540 member companies including service providers, equipment vendors, chip vendors and content providers [3]. Its primary mission is to ensure, promote and certify compatibility and interoperability of broadband wireless products through its certification process [3], had began testing in early 2006 for 802.16-2004 systems and late 2006 (or 2007) for the e-version.

For practical reasons of interoperability, the scope of the standard needs to be reduced, and a smaller set of design choices for implementation need to be defined. The WiMAX Forum does this by defining a limited number of system profiles and certification profiles. A system profile defines the subset of mandatory and optional physical- and MAC-layer features selected by the WiMAX Forum from the IEEE 802.16-2004 or IEEE 802.16e-2005 standard [4]. It should be noted that the mandatory and optional status of a particular feature within a WiMAX system profile may be different from what it is in the original IEEE standard. Currently, the WiMAX Forum has two different system profiles: one based on IEEE 802.16-2004, OFDM PHY, called the fixed system profile; the other one based on IEEE 802.16e-2005 scalable OFDMA PHY, called the mobility system profile. A certification profile is defined as a particular instantiation of a system profile where the operating frequency, channel bandwidth, and duplexing mode are also specified [4]. WiMAX equipment is certified for interoperability against a particular certification profile.
2.3.1 The Evolution of IEEE 802.16 standard
There are two variations of WiMAX standards: IEEE 802.16-2004 and IEEE 802.16e. The 2004 version supports fixed wireless applications, such as connectivity between a base station and residential or office building; the e-version addresses nomadic usage and full mobility (e.g., movement from location to location, travel at 60 mph without connection loss). 802.16-2004 was ratified in July 2004, which replaced all prior versions and formed the basis for the first WiMAX solution. The latest 802.16e amendment is supporting for mobility in WiMAX system was ratified in late 2005. Figure 2.1 shows the evolution of wireless communication standards in terms of generations.

The following is a chronological ordering of the standards and their respective content:
IEEE 802.16a: The standard specifies the operation from 2GHz to 11GHz, both licensed and license exempts. Because the signals at lower frequency can penetrate barriers and thus a line-of-sight connection between the transceiver and receiver is not required, most commercial interests have focused mainly on the lower frequency ranges. Under this premise, IEEE 802.16a standard was thus completed in January 2001. It enables the WiMAX implementations with better flexibility while maintaining the data rate and transmission range. IEEE 802.16a also supports mesh deployment, which can extend the network coverage and increase the overall throughput.
IEEE 802.16b: This extension increases the spectrum to the 5 and 6 GHz frequency bands, which provides QoS guarantee to ensure priority transmission for real-time applications and to differentiate service classes for different traffic types.
IEEE 802.16c: As the Work Group's initial interest, IEEE 802.16c defines a 10 to 66 GHz system profile that standardizes more details of the technology. These high frequency bands have more available bandwidth, but the signals cannot diffract the obstacles and require line of sight deployment.
IEEE 802.16d [1]: Approved in June 2004, IEEE 802.16d upgrades the 802.16a standard. This extension aims to improve performance for 802.16 especially in the uplink traffic.
IEEE 802.16e [2]: This technology standardizes networking between fixed BSs and mobile base stations (MSs), rather than just between base stations and fixed recipients. IEEE 802.16e enables the high-speed signal handoffs necessary for communications with users moving in vehicles. It promises to support mobility up to speeds of 70-80mi/h. The SSs could be personal communication devices such as mobile phones and laptops. This extension, known as "Mobile WiMAX", adds mobility support for the technology. The extension preserves the technical aspects of "Fixed WiMAX" while adding support for mobile broadband wireless access.
IEEE 802.16f [7]: The extension is currently an active amendment with the intention to support Management Information Base (MIB). A MIB is a database of information used for managing all the devices in the network. The extension aims to provide a detailed description of the protocol for managing information between the SSs and the BS.
IEEE 802.16g [7]: This extension is currently under development and it aims to improve the co-existence mechanisms for license exempt operations. More specifically, the extension is attempting to find approaches to allow coexistence between fixed wireless access networks operating in the license exempt bands, primarily the 5GHz frequency band.
IEEE 802.16m [3]: IEEE 802.16m has started as a new amendment project to study the IEEE 802.16 WirelessMAN-OFDMA specification to provide an advanced air interface for operation in licensed bands, and to meet the cellular layer requirements for IMT-Advanced toward next generation mobile networks, of course, with continuing support for legacy WirelessMAN-OFDMA equipment and devices. The target speed for IEEE 802.16m is 100M bps, with supporting high mobility, so that it may serve as a candidate of IMT Advanced. Consequently, 3G LTE (long-term evolution) from 3GPP, UMB (ultra mobile broadband) from 3GPP2, and IEEE 802.16e and 802.16m, are all adopting OFDMA based technology.

The basic characteristics of the various IEEE 802.16 standards are summarized in Table 2.1 [4]. Note that these standards offer a variety of fundamentally different design options. These standards were developed to suit a variety of applications and deployment scenarios, and hence offer a plethora of design choices for system developers. In fact, one could say that IEEE 802.16 is a collection of standards, not one single interoperable standard.

The IEEE 802.16 standards [1] or WiMAX defines the PHY and MAC layers to support multiple services with point-to-multipoint and mesh broadband wireless access. The point-to-multipoint mode defines one-hop communication between a base station (BS) and a subscriber station (SS), while the mesh mode allows traffic to be directly exchanged and forwarded among neighboring SSs. IEEE 802.16 is initially designed as an access technology for wireless metropolitan area network (WMAN). The first specification IEEE 802.16-2004 targets on fixed and nomadic accesses.

The research is based on the 802.16-2004 standard [7], popularly known as "Fixed WiMAX", that provides bandwidth up to 75Mbps, without mobility [7]. The 802.16-2004, an extension of the IEEE 802.16 standard is geared to providing broadband internet access to residential and commercial buildings where mobility is not a requirement [7]. In the next sections, we highlight some of the main features of the reference model for PHY and MAC layer as specified in the 802.16-2004 standards.
2.3.2 IEEE 802.16 Reference Model
As mention earlier in this research, WiMAX technology was defines based on the IEEE 802.16 standard. It is a very promising BWA technology which introduces several interesting advantages including variable and high data rate, last mile wireless access, PMP communication, large frequency range and QoS for various types of applications [15]. The objective is to have a highly efficient use of radio resources while transmitting different types of services to provide different QoS requirements. To support a wide variety of multimedia applications, an extension of IEEE 802.16 standard which is IEEE 802.16-2004 MAC layer specifies four types of QoS service classes, each with different QoS requirements. Later we will explain these service classes in next section. Those service classes are defined in order to satisfy different types of Quality of Service (QoS) requirements. However, the IEEE 802.16 standard does not specify the scheduling algorithm to be used. Vendors and operators have to choose the scheduling algorithm(s) to be used [8].

In WiMAX, both physical (PHY) and Medium Access Control (MAC) play an important role for communication between BS and SSs. IEEE 802.16 reference model specifies the PHY layer and MAC layer of the air interface of interoperable fixed PMP.
· Service Specific Convergence Sub-layer (CS): providing any transformation or mapping of external network data through CS SAP (CS service access point).

· MAC Common Part Sub-layer (MAC CPS): classifying external network service data units (SDUs) and associating these SDUs to proper MAC service flow and Connection Identifier (CID). Multiple CS specifications are provided for interfacing with various protocols.

· Privacy (or Security) Sub-layer: supporting authentication, secure key exchange, and encryption.
It is important to understand the IEEE 802.16 reference model because it consist of both MAC and PHY layers where the crucial points at the MAC layer is scheduling algorithms. The WiMAX MAC layer is designed to support different types of applications and services having very different QoS requirements. The IEEE 802.16 standard does not specify the scheduling algorithm to be used. Vendors and operators have the choice among many existing scheduling techniques; they can also propose their own scheduling algorithms.
2.3.3 IEEE 802.16 Service Classes
To support a wide variety of multimedia applications, the IEEE 802.16 standard [7] defines four types of service flows, each with different QoS requirements and the MAC supports an request-grant mechanism for data transmission in the uplink direction. Each connection between the SS and the BS is associated to one service flow [16].
· Unsolicited Grant Services (UGS) supports applications that generate fixed-size data packets periodically such as T1/E1 and VoIP without silence suppression. To support real-time needs of such applications and reduce overhead by the bandwidth request-grant process, the BS allocates a fixed amount of bandwidth to each of the flows in a static manner without receiving explicit requests from the SS.
· Real-Time Polling Services (rtPS) support realtime traffic in which delay in an important QoS requirement. The amount of bandwidth required for this type of service is determined based on the required QoS performances, the channel quality, and the traffic arrival rates of the sources.
· Non-Real-Time Polling Service (nrtPS) provides guarantees in terms of throughput only and is therefore suitable for mission critical data applications, such as File Transfer Protocol (FTP). The BS allows the SS to make periodic unicast grant requests, just like rtPS scheduling service, but the requests are issued at longer intervals.
· Best Effort Services (BE) provides no guarantees on delay or throughput and is used for Hypertext Transport Protocol (HTTP) and electronic mail (email), for example. The bandwidth request for such applications is granted on space-available basis. The SS is allowed to use both contention-free and contention-based bandwidth requests, although contention-free is not granted when the system load is high.
The Unsolicited Grant Service (UGS) carries constant bit rate (CBR) flows of CBR-like applications such as Voice over IP (VoIP). The real-time Polling Service (rtPS) is designed for applications with real-time requirements which generate variable size data packets periodically, such as MPEG video streams. QoS guarantees are given as bounded delay and assurance of minimum bandwidth. The non-real-time Polling Service (nrtPS) is adequate to better-than-best-effort services such as FTP services. Minimum bandwidth guarantees are also provided to nrtPS connections. The Best Effort service (BE) is used for best-effort traffic such as HTTP.
2.4 Packet Scheduling for uplink in IEEE 802.16
As mentioned above, WiMAX introduces several interesting advantages, and one of them is the support for QoS at the MAC level. The IEEE 802.16 is designed to support multimedia service via quality of service (QoS) of different service types. Each traffic flow requires different treatment from the network in terms of allocated bandwidth, maximum delay, jitter and packet loss [18]. In WiMAX, scheduling mechanisms are crucial for providing QoS guarantee in IEEE 802.16 networks but the actual version of the standard does not define a MAC scheduling architecture in uplink as well as downlink direction. Efficient scheduling design is left for designers and developers and thus providing QoS for IEEE 802.16 BWA system is a challenge for system developers [16]. These mechanisms are important for both BS and SS to provide differentiated services among the different types of traffic corresponding to different connections. A scheduling algorithm should take into account the WiMAX QoS classes and service requirements. It should also provide high throughput. In this section, several scheduling algorithms used in wireless especially WiMAX were investigated.

Scheduling algorithms provide mechanisms for bandwidth allocation and multiplexing at the packet level [19]. Many scheduling algorithms, capable of providing certain guaranteed QoS, have been developed for wireline networks. But the characteristics of wireless communication pose special problem that do not exist in wireline networks, thus making developed efficient and effective scheduling algorithms for wireless networks very challenging. In this section, we introduce a BS uplink scheduling algorithm which allocates bandwidth to the SSs based on the QoS requirements of the connections.

Previously, several studies had proposed scheduling algorithms for wireline network before wireless network was introduced. Most of the studied literatures about scheduling for IEEE 802.16 have been on the downlink and in uplink scheduling. The scheduling algorithms studied by previous research purpose of using scheduling algorithm based on the QoS class. From [8] and [20] they specifically suggest certain scheduling algorithms used for specific QoS class based on different constraints such as the traffic rate, maximum latency and tolerated jitter.

The scheduling architecture can be classified into two categories: traditional methods, based on classical scheduling algorithms (FIFO, Round Robin, etc) and new methods that are developed for the new standard based on new techniques for the scheduling [16]. The traditional methods categories where classical scheduling algorithms falls in this category were algorithms and methods originally proposed for other type of network (i.e wired networks). [7] summarizes these algorithms as a legacy algorithm. These algorithms either used with a simple way as their original schemes without modification or modify the structure of these algorithms in order to have a more complex architecture that can respond to the standard needs in term of QoS [16].

The simplest scheduling algorithm is the Round Robin (RR) scheduler. With its simple and easy implementation, RR distributes equal channel resources to all the SSs without any priority [8]. The extension of the RR scheduler after some modification from its principal is Weighted Round Robin (WRR) and Deficit Round Robin (DRR). These algorithms are well-known as describe by [8]. WRR is based on static weight while DRR scheduler allows provision of different quanta for each SS by associates a fixed quantum and a deficit counter with each flow i [16]. Both have been evaluated in a WiMAX network at uplink traffic and downlink traffic respectively by reference [21]. Earliest Deadline First (EDF) is a work conserving algorithm originally proposed for real-time applications in wide area networks [22]. This algorithm is suitable applying at video streaming of rtPS class with delay requirements where packet with earliest deadline will be scheduled first. Weighted Fair Queuing (WFQ) is derived from Generalize Processor Sharing (GPS). WFQ scheme can be used with both types of connections; connections with guaranteed-service requirement and connections without guaranteed-service requirement [23]. Later in chapter 3 we will look in depth of WRR and EDF scheduling algorithms that used in this project.
2.5 Network Simulation Tools
Network simulators have grown in maturity since they first appeared as performance, management and prediction tools. Simulators are normally used as network management tools, for which packet level analysis is not commonly employed [24]. However, more studies are needed to establish guidelines for researchers so that they may select and customize a simulator to suite fine-grained packet level analysis [25][26]. There are a considerable number of simulations tools in the market [27]. The main characteristics that divide them are: accuracy, speed, ease of use, and monetary expense.

Recently, several WiMAX simulators have been developed to provide a preliminary analysis for advanced WiMAX system development, including the open source tool NS-2, and commercial softwares such as QualNet and OPNET Modeler [12]. The WiMAX module for NS-2 can be down loaded at [10]. NCTUns is another simulation tool for WiMAX developed by National Chiao Tung University [12]. NCTUns simulates the hardware characteristics of network devices (e.g., hubs or switches), the protocol stacks employed in these devices (e.g., the bridge-learning protocol used in a switch), and the execution of application programs on these devices [12]. NCTUns, NS-2, QualNet, and OPNET Modeler are object oriented simulation tools.

They are implemented in a scalable paradigm, which allows users to add modules for their proprietary protocols. NCTUns provides application programming interfaces (APIs) for users to register the developed modules to the simulator [12]. NS-2 requires users to edit TCL scripts to add new modules implemented in C++. QualNet provides Model Libraries to construct user-defined network objects. OPNET Modeler allows users to add new modules by building library modules. NCTUns is executed on Fedora 7 with Linux 2.6.21 kernel. Ns-2 is run on UNIX Systems. QualNet, and OPNET Modeler supports both Microsoft Windows and UNIX systems.

Several researchers have using these simulators tool to evaluate the performance of QoS in WiMAX by providing various service classes and by having high bandwidth. S.M. Huang et al. [12] implements the WiMAX protocol stacks to facilitate the functional and performance studies of the WiMAX system on NCTUns simulation tool developed by National Chiao Tung University [12]. A. Ganz et al. [28] use simulation model developed in C++ to show the effectiveness of their uplink bandwidth allocation algorithms based on flow type and strict priority from highest to lowest - UGS, rtPS, nrtPS and BE in WiMAX. M.C. Lax [9] investigates the handover and internetworking capabilities of WiMAX and then implements selected MAC-layer functionality in the GloMoSim network simulator.

A. Belghith [11] implements a QoS-included for WiMAX Module in NS-2 simulator. His contribution consists of the addition of the QoS classes as well as the management of the QoS requirements, unicast and contention request opportunities mechanisms, and scheduling algorithms for the UGS, rtPS and BE QoS classes. Another group developed an 802.16-based simulator for the OPNET tool, which is a private domain simulator; however, this module is available exclusively to the members of the consortium. J.F. Borin [29] introduces the design and validation of a novel simulation module for 802.16-based networks in the ns-2 simulator focusing on the MAC layer and its mechanisms for bandwidth allocation and QoS support. It is thus able to meet all of the requirements of the standard for the TDD mode and PMP topology. Although the code developed is large, as it has 17 classes of objects and 17,300 lines of code, the modularization provided by object oriented programming facilitates the inclusion of new functions [29].
2.6 Summary
In this chapter we describe about IEEE 802.16 evolution and their relations to WiMAX. We then describe about reference model of IEEE 802.16 that contains detail of the MAC and PHY layer characteristics according to the specifications in the IEEE 802.16-2004 standard. We then discuss various proposals of uplink scheduling algorithms for WiMAX. The scheduling algorithm can be either traditional method that based on classical scheduling algorithms or new methods that are developed for the new standard based on new techniques and specific purpose. Later in Chapter 3 we describe some of the network simulation tools that used for performance analysis of WiMAX. This is the important part since much research depends on the existing network simulation tools that either commercialize or open source. Very few simulation tools develop for general purpose for WiMAX.
CHAPTER 3

METHODOLOGY

3.1 Introduction
This chapter, will look in detail how the scheduling architecture in WiMAX developed in different networks simulation tools as well as some develop by the own researchers using event-driven for their specific research purpose. Later after evaluating some of these scheduling architecture developed, this project will come out with specific DES simulator focusing in this project at Chapter 4. This chapter also described in details of two scheduling algorithms which are WRR and EDF used in this project.
3.2 Network Simulation Tools
Simulators are commonly used since developing and testing of new protocols and algorithms is one of the major research topics especially in wireless networks. The goal of simulators is to achieve an "as real as possible" situation in order to make the simulation results realistic and therefore adaptable. This chapter will discuss about existing network simulator tools used to design and implement of QoS architecture of IEEE 802.16 WiMAX modules. These including several network simulation tools that are commercialize while others are open source software and depend on adding module by researchers. And some research used to develop their own event-driven simulator to meet research purpose. Since the results of these simulations should be as significant as possible, a high quality of the simulator is indispensable. Also in this chapter two scheduling algorithms used in the implementation which are WRR and EDF is discuss in details.
3.2.1 NS-2
The Network Simulator (NS-2) is an object oriented simulation tool and popular for the simulation of computer networks; it provides substantial support for simulation of Internet protocols over wired and wireless networks. NS-2 implemented in a scalable paradigm by allowing users to add modules for their proprietary protocols Although some modules for WiMAX networks simulation have been proposed for the NS-2, none of them implements all MAC features specified by the IEEE 802.16 standard for bandwidth management and QoS support [29].

Recently, two modules were proposed for simulation of IEEE 802.16-based networks using NS-2 by National Institute of Standards and Technology (NIST) and Network and Distributed Systems Laboratory (NDSL) [11]. These modules implement the physical (PHY) and Medium Access Control (MAC) layers of a WiMAX system. The NIST module implements the Orthogonal Frequency Division Multiplexing (OFDM) PHY while the NDSL module implements the Orthogonal Frequency Division Multiple Access (OFDMA) PHY. Both PHY modules use the same duplexing technique: Time Division Duplexing (TDD). The NIST WiMAX module also supports mobility, fragmentation, and reassembly of frames. The NDSL WiMAX module supports Call Admission Control (CAC).

The research in [11], [29] and [30] propose a new WiMAX module for NS-2 simulator. In [11], their contribution in NS-2 consists of the addition of some QoS parameters to the service flow, the link adaptation, and some scheduling algorithms for three QoS classes: UGS, rtPS, and BE. They also implement the unicast and contention request opportunities mechanisms as specified in the IEEE 802.16 standard. For [29], their contribution consists of design and validation of a novel simulation module for 802.16-based networks in the ns-2 simulator focusing on the MAC layer and its mechanisms for bandwidth allocation and QoS support. It is thus able to meet all of the requirements of the standard for the TDD mode and PMP topology. All the research used almost same module structure as shown in Figure 3.1.

[30] made two major contribution to NS-2 module for WiMAX PMP mode which is integration of seven representative uplink scheduling algorithms and modification to the bandwidth management function so that the list of Information Elements (IEs) in the ULMAP message is created according to the transmission order determined by the scheduling algorithm. The second major contribution is the addition of a WiMAX traffic model that implements voice over internet protocol (VoIP) traffic for the ertPS class, video streaming traffic for the rtPS class, FTP traffic for the nrtPS class and HTTP traffic for the BE class.
3.2.2 OMNeT++
OMNeT++ is an object-oriented modular discrete event simulation system as well as network-simulating tool allows researcher to create networks using C++ code. In [31], the WiMAX topology was set up based on the WiMAX standard developed with the OMNeT++ Modeler tool as shown in Figure 3.2.

The simulation model was built with five-fixed wireless SSs and one BS in the PMP mode. The Frequency Division Duplex (FDD) is used in this study. In this scenario, data to SSs are multiplexed in a TDM fashion on the downlink direction. The uplink is shared between SSs in TDMA fashion.
3.2.3 GloMoSim
GloMoSim which stand for Global Mobile Information System Simulator is a network simulator develop at UCLA. It is software supporting scalable simulations of numerous types of wireless protocols. It is built on PARSEC, a parallel discrete event simulator. GloMoSim uses a layered structure, much like the Open Systems Interconnection (OSI) seven layer network stack [9]. Some researchers used GloMoSim to describes simulation scenarios of the WiMAX MAC-layer. In [9], the environment they were conducted including three main scenarios which are initial network entry, hard handover, Fast Base Station Switching (FBSS). The scenarios were developed for two purposes. The first was to facilitate measurements of WiMAX processes like network entry and handover. The second was to facilitate the evaluation of GloMoSim as environment for future development as a WiMAX simulator. The measurements done in these scenarios are in no way intended for use as performance evaluation of WiMAX and its air interface, but rather as a general MAC-layer performance comparison and analysis of the procedures used within WiMAX and their differences.
3.2.4 Event-Driven Simulator
Since this type of simulator is developing using general purpose language, hence make the simulator not only fast but platform independent. The research's in [5] and [32] used this mechanism to design and implement WiMAX module based on the IEEE 802.16 standard with PMP mode. The researchers comprised of two main components in their simulation model which are BS and SSs as Figure 3.3. They also described an event to the model so that the simulation will move from one step to another step by event-driven. For example in [5], the BS is made of scheduling database module and airlink scheduler module. The scheduling database module contains the detailed information about the status of all the active connections in the network, based on this information the airlink scheduler allocate a bandwidth to each SSs. It SS module consists of packet scheduler module and fragmentation module. Packet scheduler module selects the appropriate packets from different queues and passes them to the fragmentation module.
3.3 The Scheduling Architectures
The classical scheduling algorithms originally proposed for wired networks, but have also been widely adopted by cellular technologies such as GSM, UMTS and WiMAX [7]. We have chosen to implement Weighted Round Robin (WRR), and Earliest Deadline First (EDF) schemes. The two schemes selected satisfy QoS requirements of their users in diverse ways. The EDF algorithm allocates bandwidth according to the delay requirements of the SSs whereas the WRR algorithms allocate bandwidth according to the weight assigned to the SSs.
3.3.1 Weighted Round Robin (WRR)
The WRR scheduling algorithm originally proposed for ATM traffic that have fixed size packets in [33] has been implemented in [21] to evaluate the IEEE 802.16 MAC layer on how effectively it supports QoS requirements of the multi-class traffic (see Figure 3.4). For example in [33], clients a, b, d, and f receive twice more frequent service than clients c and e, since the former are visited twice while the latter only once in every 10 visits (Figure 3.5). Since different sources have different resource requirements, it is often desirable to associate a weight (wi) with each source, and allocate bandwidth proportionally to the weights. In other words, a source that has a weight twice as large of second source should be able to obtain twice the bandwidth of the second source. A scheduling algorithm that realizes this scheme without weights is called Processor Sharing (PS) and with weights GPS. Both PS and GPS are idealized algorithms, since they treat traffic as a fluid.
1. // Departure

2. // Assign weights to sources SSs based on priority

3. // Set the priority of the queues to qid[1]=1 (rtPS) and qid[2]=2 (nrtPS) and qid[3]=3 (BE).

4. For I ? NoOfQueue

5. if queue == queue.priority=1 // high priority queue depart first

6. while (qsize > 0)

7. packet departure;

8. move next packet;

9. qsize--;

10. end while (until all packet in high priority queue depart)

11. end if

12. if queue == queue.priority = 2 or 3 (low priority queue)

13. while (qsize > 0)

14. packet departure

15. move next packet;

16. qsize--;

17. end while

18. end if

19. End For
3.3.2 Earliest Deadline First (EDF)
Earliest Deadline First (EDF) is one the most widely used scheduling algorithms for real-time applications as it selects SSs based on their delay requirements. The algorithm assigns deadline to arriving packets of a SS (see Figure 3.4). EDF is a work conserving algorithm originally proposed for real-time applications in wide area networks [34]. EDF was an adopted modification of the EDD (Earliest Due Date) [35] policy in which, in the case of a conflict, priority is given to deterministic over statistical channels. The queues for real-time Polling Service (rtPS) are managed with an Earliest Deadline First (EDF) algorithm [35], which is sensitive to delay latency and reliable for real-time services.

The algorithm assigns deadline to each packet and allocates bandwidth to the SS that has the packet with the earliest deadline. The scheduler serves packets in the order of their deadlines. The packet with the minimum (or earliest) deadline will be served first. Since SSs belonging to the nrtPS service do not have a delay requirement, the EDF algorithm will schedule packets from these SSs only if there are no packets from SSs of UGS or rtPS.
1. // Assign deadline to arriving packets of a SS ()

2. // for rtPS the deadline is 150ms

3. // for nrtPS and BE the deadline is infinity

4. If server == not busy

5. Packet departure

6. Else

7. While queue < MAXQSIZE

8. Insert packet into queue

9. End while

10. End if

11. // Select packet in queue if its waiting time less than maxdelay

12. While (qsize > 0)

13. If packet priority == rtPS

14. If packet delay < maxdelay (only rtPS video traffic has maxdelay)

15. packet departure

16. Else if packet delay > maxdelay

17. drop packet

18. Else //other the video traffic packet
packet departure
3.4 Summary
Based on the review of all the network simulation tools used and the methodology apply, this project will applying event-driven mechanism for design and implementation of WiMAX module. Two scheduling algorithm will be used for evaluation and performance analysis. The description implementation of the simulation model with the simulation parameters and scope and limitation will be discussed in Chapter 4.
CHAPTER 4

PROPOSED UPLINK DES SIMULATOR

4.1 Introduction
In this chapter, we provide detailed information about developing DES simulator with the uplink scheduling algorithms in WiMAX. As part of the implementation details, we highlight any assumptions, scopes, and simulation model and implementation decisions made in the process.
4.2 Simulation Assumptions
Making several assumptions were necessary to limit the scope of the problem while developing the simulation model. The objective behind making these assumptions were to keep the simulation complexity manageable while still meeting the research goals. This section briefly discusses the assumptions made in the modeling process together with their justification. They are listed here:

Implementing three types of traffic generator which are video, FTP and HTTP. Inter arrival time for FTP and HTTP is based on compound Poisson arrival. Video streaming traffic generator was based on [36] by a Pareto distribution and can incorporate any codec for the generation of video traffic. Packet size is fixed for all traffic sources to allow priority based on weight associate to each traffic sources instead of packet size. Each node (SSs) is a fixed stations and associated with one traffic class at the same time followed grant per connection method because this simulation not implementing grant bandwidth mechanism to SSs. The number of subscriber stations varies from 6 to 30 for evaluating mixed traffic with ratio changes from 1 to 3. For example of the ratio is 1:1:1, then the number of connections in the network for each type is equal. The numbers selected for subscriber station is considered suitable for evaluation [7]. WRR and EDF scheduling algorithms were evaluated in this experiment because both are well-known algorithm as well as work-conserving algorithms. Because the concentration is on developing the simulation model of traffic generator and scheduling algorithm, the others characteristics of the IEEE 802.16 MAC layer such as uplink burst preamble, frame length and bandwidth request mechanisms and PHY layer is not considered .
4.3 Simulation Model
A C++ coded event-driven simulator is developed using discrete simulation method, in order to evaluate the performance of the proposed packet scheduling schemes in IEEE 802.16 WirelessMAN. The development tool used is Microsoft Visual C++ 6.0. This project simulator is comprised of two main components, the BS and the SS. The BS is made of scheduling algorithms module which are using WRR and EDF schemes. The scheduling algorithms module contains the detailed information about how the packets in the queues being serve for departing. Packet scheduler module selects the appropriate packets from different queues after classified according to traffic type. Our SS module consists of the number of SSs differentiate by traffic generator for three service flows of rtPS, nrtPS and BE. The interaction between modules is described in Figure 4.1.
4.4 Events
In the simulator, the derivation of events based on a detailed examination of the algorithm as well as respective statistical changes observed has lead to three comprised of the following events which are Traffic Generator, Packet Arrival and Packet Departure as shown in Table 4.1.
4.5 Scheduling Algorithms
Two scheduling algorithms implemented in this project are WRR and EDF. For WRR, the algorithms simulate make round robin fashion for every queue as Figure 4.2. At each queue where is the most priority by given higher weight, the scheduling will serve the queue until all packets depart before moving to the next lower priority queue.

For EDF scheduling algorithms, the scheduler will serve in single queue where the packet arrives. Each packet arrive from rtPS class will be assign a deadline value while others traffic class will be assign infinity deadline. Figure 4.3 illustrate the how this algorithms work. Traffic with different types of flow need different delay requirements.
4.8 Simulation Results and Discussions
The simulation tool chosen for the experiments is developed by using C++ coding using MS Visual C++. The experiments are run on a HP notebook with a 1.83 GHz Intel Core Duo processor and Random Access Memory (RAM) of 504 MB RAM. The version of Windows installed on this PC is Windows XP. Each experiment takes approximately 10 minutes to complete execution i.e. a simulation time of 50 seconds corresponds to 10 minutes in real-time. The execution time varies depending on the number of SSs and the traffic load used in the experiment. However, the benchmark (i.e., used to evaluate the develop simulator) uses NS-2 simulator and their respective module for WiMAX.

The objective of this experiment is to develop DES WiMAX simulator in C++ programming language and simulate representative of scheduling algorithms to evaluate the performance analysis under different mixes of traffic taking into account with assumptions and limitations. Two scheduling algorithms which are WRR and EDF were evaluated with three different traffic sources. We have implemented three different traffic sources, one for each of the traffic classes. Video streaming is modeled for SSs of rtPS class, FTP for SSs of nrtPS class and HTTP for SSs of BE class. The values of all the traffic parameters are based on one connection per SS. The performance metric used to evaluate the performance of the algorithm is throughput which is the amount of data that can be sent in the network per one second.

The validation of the developed DES is achieved by comparing and analyzing the acquired results against benchmark result. Because of different simulation strategies, the result shows some deviation ratio compare to the benchmark.

The results of average throughtput were plotted in relation with the ratio of SS. In Figure 4.4, the average throughput for rtPS with WRR show an average deviation ratio of the highest is 142% (for 1:1:3) and the lowest is 1% (3:1:1). Figure 4.5 for rtPS with EDF shows an average deviation ratio of the highest is 308% (for 1:1:3) and the lowest is 82% (for 3:1:1). On Figure 4.6 the average throughput for nrtPS with WRR show an average deviation ratio of the highest is 138% (for 1:1:3) and the lowest is 57% (for 3:1:1). Figure 4.7 for nrtPS with EDF shows an average deviation ratio of the highest is 323% and the lowest is 31% (for 3:1:1). Figure 4.8 for BE with WRR shows an average deviation ratio of the highest is -23% and the lowest is -7%. Figure 4.9 for BE with EDF shows an average deviation ratio of the highest is -19% and the lowest is 6% (for 3:1:1). For all the experiments of rtPS, nrtPS and BE, the ratio of 2:1:2 cannot be compared to the benchmark because not such ratio have been done by the researcher.

The main reason behind the huge gap of average deviation ratio between benchmark and developed simulator is that the benchmark applying every single characteristics MAC and PHY layers of WiMAX network standard IEEE 802.16 such as such as bandwidth request mechanisms, frame size and the uplink burst preamble. It is also realizes that although the WRR and EDF algorithms apply used the similar concept but the mechanism of the implementation is different. The benchmark used Information Element (IE) as an output for the scheduling algorithm for bandwidth allocation to each SSs while in the developed simulator the number of packet departure is the output.

In general for the developed simulator, after evaluation WRR is more suitable for rtPS compare to EDF. For nrtPS and BE service flow, both algorithm show not so much different in average throughput.

Based on the comparisons of WRR and EDF for rtPS in Figure 4.4 and 4.5:
· The EDF algorithm indicates lower average throughput of SSs of the rtPS class compared with the WRR.

· In WRR, the scheduling will serve the queue of rtPS until all the packet departure before moving to next queue.

· While in EDF, even though rtPS packet is tag with a deadline, the scheduling have to search every packet with the earliest deadline in single queue.
Based on the comparisons of WRR and EDF for nrtPS in Figure 4.6 and 4.7:
· The WRR and EDF algorithm indicates a higher average throughput for the nrtPS class when the concentration of nrtPS SSs is the highest with small differences for the ratio 1:3:1.

· This is because WRR algorithm provides weight priority to SSs with delay requirements (rtPS SSs) compare to EDF with infinity deadline to nrtPS and BE SSs.
Based on the comparisons of WRR and EDF for BE in Figure 4.8 and 4.9:
· The average throughput of SSs BE is higher in EDF algorithm than WRR algorithm.

· In WRR, SSs of BE is the lowest priority and the packet will be serving as the last packet after rtPS and nrtPS.

· In EDF, both SSs of nrtPS and BE have the same deadline and the packets for both traffic flows in the queue will be serve as FIFO.
4.9 Summary
In this chapter we described the simulation environment design and implementation for the DES simulator developed together with the scheduling algorithms used. We conducted a series of experiments to observe the performance of scheduling algorithms under the context of IEEE 802.16 MAC layer compared to the benchmark. Table 4.3 provides a summary of our findings.
CHAPTER 5

CONCLUSION AND FUTURE WORK
In this chapter we conclude this thesis with a summary of the research and the significant results. We also suggest directions for future research related to the work reported here.
5.1 Conclusion
In recent years, the need for broadband wireless access has increased due to applications such as video conferencing, VoIP, online gaming and streaming audio/video demanding high bandwidth and tight delay bounds. The IEEE 802.16 standard specifies a means of broadband internet access for fixed and mobile stations and promises to provide last mile internet access at an affordable rate. The IEEE 802.16-2004 standard specifies the MAC and PHY layer functionalities for "Fixed" WiMAX for both PMP and mesh mode operations. The standard states a QoS framework that specifies four traffic classes, but the scheduling mechanism for these classes is left open for vendor implementation.

In this thesis, we investigated two proposals for uplink scheduling algorithms aimed at satisfying QoS requirements of the multi-class traffic. We categorized the uplink scheduling algorithms into three classes, namely, homogenous algorithms, hybrid algorithms and opportunistic algorithms. Two scheduling algorithms from homogenous algorithms which are WRR and EDF were selected for evaluation. The algorithms were evaluated under different mix of traffic by using ratio of SSs for different traffic sources. The performance metrics used to evaluate the scheduling algorithms is average throughput.

The key contributions of this research were the development Discrete Event Simulation (DES) simulator as an alternative simulation tools to provide a preliminary analysis for advanced WiMAX system development and performance analysis. Secondly, the performance of different scheduling algorithms was investigated using simulation to facilitate the functional and performance studies of the WiMAX system. The simulation models could be used for future research projects in this area. Simulation results show that WRR is more suitable for rtPS compare to EDF as its give more priority by assign weighted to delay requirements service flows such as video traffic. For nrtPS and BE service flow, both algorithm show not so much different in average throughput.
5.2 Future Works
There are many scopes for future work with regard to the enhancing this simulation model:
· Implementing PHY and MAC layer characteristics of IEEE 802.16 in the simulation model for more accurate analysis.

· Applying more scheduling algorithms in the simulation model for comprehensive performance study regarding efficient, fair and robust scheduler.

· Adding ertPS WiMAX classes of service in traffic generator to analyze the fairness amongst service classes.

· Evaluating various performance analysis parameters such as average queuing delay, packet loss and fairness.
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