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Abstract 

WiMAX which represents World Interoperability for Microwave Access is a 

major part of broadband wireless network having IEEE 802.16 standard provides 

innovative fixed as well as mobile platform for broadband internet access anywhere in 

anytime. 

 This thesis provides the detail about the two main applications of WiMAX which 

are fixed WiMAX and Mobile WiMAX. Fixed WiMAX 802.16 delivers point to 

multipoint broadband wireless access to our homes and offices. Whereas Mobile 

WiMAX gives full mobility of cellular networks at higher broadband speeds than other 

broadband networks like Wi-Fi. Both applications of WiMAX are designed in a proper 

network planning which is helpful to offer better throughput broadband wireless 

connectivity at a much lower cost. 
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Chapter 1       Introduction to Fixed WiMAX 
 

Gradual Work on WiMAX has being done with the progression of time and it was 

developed to deliver maximum distance the ultimate goal was to provide above 90 % 

reliability. For the achievement of such goals the IEEE organization relied on already 

working technologies for the PHY having orthogonal frequency division multiplexing 

(OFDM), time division duplex (TDD), frequency division duplex (FDD), Quadratic 

Phase Shift key (QPSK) and Quadrature Amplitude Modulation (QAM). WiMAX is a 

combination of these working technologies that is why it can be said that it is new 

improved version of the previous technologies.  

 

 

Figure 1: IEEE 802.11 MAC and Physical layers [1]. 
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1.1 Physical Layer of WiMAX 
 

 

                                  

                                                                            ATM, Ethernet, IP, 802.1Q 

 

 

    Packing, Fragmentation, ARQ, QoS 

 

   

    Authentication, Key Exchange, Privacy 

        (Encryption) 

    

    

   OFDM, Ranging, Power Control, DFS,  

       Transmit, Receive 

 

Figure 2: MAC and PHY Layers of IEEE 802.16 [1]. 

  

 

WiMAX which is also known as 802.16 is which also includes 802 the Ethernet 

technology which uses the category 5 cables used by majority of the world networks. 

PHY is contained in a category 5 cable when it comes to Ethernet. Hence the 

predecessors of WiMAX are said to be Ethernet. To accommodate the Wireless medium 

IEEE 802.11 and 802.16 basically employ PHY and a MAC layer.  

 

 

 

 

 

MAC CONVERGENCE SUBLAYER 

MAC LAYER 

MAC PRIVACY SUBLAYER 

PHYSICAL LAYER 
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1.2 Functions of PHY 
 

The primary function of PHY is the actually physical transport of data itself. A variety of 

technologies like OFDM, TDD, FDD, QAM and Adaptive Antenna Systems (AAS) are 

utilized to achieve maximum performance from the PHY itself.  

 

1.2.1 OFDM of WiMAX 
 

One of the essential components of WiMAX is OFDM. Mathematical Process known as 

Fast Fourier Transform (FFT) is used in OFDM which enables 52 channels to overlap 

without losing their individual characteristics. This allows the channels to be processed at 

the receiver end more effectively. OFDM is known for its resistance to forms of 

interference and degradation and is widely used in Wireless applications.  

 

 

 

Limited distance and throughput  

                 Base Station   Subscriber Station 

  Interference problems 

 

Non-OFDM 

 

 

Maximum distance and throughput  

                Base Station   Subscriber Station 

  Resistance to Interference 

 

OFDM 

 

Figure 3: Significance of OFDM: A focused beam delivering maximum bandwidth over 

maximum distance with minimum interference [1].  



 

Analysis of Fixed WiMAX and Mobile WiMAX 
 

4

1.2.2 TDD and FDD 
 

There exists support for both time division duplex (TDD) and frequency division duplex 

(FDD) operations in WiMAX. Time slices are used in TDD one other interesting fact is 

TDD uses same frequency for transmit and receive modes. Within an operating band 

TDD requires two different frequencies separated by 50 and 100 MHz and by using TDD 

band spectrum is not required. Allocation of spectrum is used efficiently in both upstream 

and downstream having variable or asymmetrical traffic patterns. 

 

Both the uplink (UL) and downlink (DL) frame structure are similar in FDD only 

difference is that transmission of DL and UL is done on separate channels. In presence of 

half-duplex FDD (H-FDD) and subscriber stations (SSs) the base station must make sure 

that it does not allow a schedule for an H-FDD SS to transmit and receive.  

 

 

 

 

 

Figure 4: A TDD Subframe [1]. 

 

 

 

                                         Uplink “Hello Base Station” 

    

                Base Station                                                      Subscriber Station 

    

                               Downlink “Welcome Subscriber Station” 

 

Figure 5: ULs and DLs between BSs and SSs [1]. 

 

 

Frame header Downlink Subframe TG Uplink Subframe 
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1.2.3 Adaptive Antenna System (AAS) 
 

AAS describes beam –forming technique and is used in WiMAX in this case an array of 

antenna is used at the BS for the increase in gain to the intended SS and at same time 

removing interference to and from other SSs. AAS technique is used to Spatial Division 

Multiple Access (SDMA) so multiple SSs are enabled and can receive and transmit on 

the same subchannel at the same time having separated by space.BS is able to direct the 

desired signal to different SSs by using beam forming and can judge difference between 

signal of different SSs even if they are operating on the same sub channels .  

 

 

1.3 Variants of Fixed WiMAX  
 

There are five variants in Fixed WiMAX which are specified by their PHY. The variants 

are divided into two categories  

 

• Single Carrier (SC) 

• OFDM  

 

1.3.1 OFDM Variants 2-11 GHz 
 

Design of 2-11 GHz PHY was a must because of the need for NLOS. Because of having 

different obstacles in residential applications a clear line of sight with the BS was rather 

ineffective resulting in multipath propagation. Because of hardware and installation costs 

outdoor antennas are very expensive. A description of four 2-11 GHz air interference 

specifications are given below   
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1.3.2 Wireless MAN OFDM 
 

In Wireless MAN-OFDM access is done by TDMA and in such case the air interference 

uses OFDM with a 256 point transform and this air interference is mandatory for license 

exempt bands. 

 

 

Designation                    Function           LOS/NLOS     Frequency      Duplexing 

 

WirelessMAN-SC             Point-to-Point    LOS            10-66 GHz      TDD, FDD 

 

WirelessMAN-SCa           Point-to-Point    NLOS               2-11   GHz      TDD, FDD 

 

WirelessMAN-OFDM      Point-to-             NLOS            2-11   GHz      TDD, FDD 

      multipoint 

 

WirelessMAN-OFDMA   Point-to-             NLOS            2-11   GHz      TDD, FDD 

                                          multipoint 

 

Wireless HUMAN            Point-to-             NLOS            2-11   GHz      TDD, FDD 

                                          multipoint 

 

Figure 6: Variants of WIMAX PHY [1]. 

 

 

The PHY layer in Wireless-MAN is basically based on OFDM. Its primary 

purpose is for access deployment where SSs are used as residential gateways deployed 

within home and business applications. OFDM supports sub channelization in the UL. 

Total numbers of 16 sub channels are present in the UL. TDD and FDD both are 

supported by OFDM with support for both FDD and H-FDD SSs. Such standard supports 

multiple modulation levels including Binary Phase Shift key (BPSK), QPSK, 16-QAM 
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and 64-QAM. Finally the PHY supports transmit delivery in the DL using Space Time 

Coding (STC) and AAS with Spatial Division Multiple Access (SDMA).   

 

Two antennas are basically used at the BS for transmit diversity in order to 

transmit STC-encoded signals to provide the gains that results from second order 

diversity. Different symbols are transmitted in the first symbol time by both the antenna’s 

hence the resulting data rate is the same as without transmit diversity. 

 

The frame structure for a TDD system is given in figure 7 below. The frame is 

divided into two different parts they are said to be DL and UL sub frames. The DL 

Subframe is made up of a Frame Control header (FCH), preamble and a number of data 

burst. The FCH specifies the burst profile and the length of one or more DL bursts that 

immediately follow the FCH. 

 

 

 

 

   DL Subframe  UL Subframe 

 

 

 

 

 

 

 

 

 

 

Figure 7: Frame Structure for a TDD system [1]. 

 

Frame 

DL-PHY PDU Contention initial ranging Contention BW request UL-PHY PDU from S#1 

UL-PHY PDU from S#2 

Preamble FCH DL Burst#1 DL Burst#2 Preamble UL Burst 

DLFP DL-MAP, UL-MAP, DCD, UCD MAC PDUs MAC PDUs MAC PDUs PAD

MAC Header MAC Payload CRC 



 

Analysis of Fixed WiMAX and Mobile WiMAX 
 

8

The contents of the frame that are downlink map (DL-MAP), uplink map (UL-MAP), DL 

Channel Descriptor (DCD), UL Channel Descriptor (UCD) and other broadcast messages 

are all sent at the beginning of these first bursts. The remainder of the DL Subframe 

consists of data bursts to individual SSs. 

 

The code algorithm is specified by each data bursts consists of an integer number 

of OFDM symbols and is assigned a bursts profile, code rate and modulation level that 

are used for those data transmitted within the burst. A contention interval is contained 

within a UL Subframe for initial ranging and bandwidth allocation purposes and UL PHY 

protocol data units (PDUs) from different SSs. The contents of the DL and UL Subframe 

are described by DL-MAP and UL-MAP. They describe the SSs that are receiving and/or 

transmitting in each burst, the sub channels on which each SS is transmitting (in the UL) 

and the coding and modulation used in each burst and in each subchannel. 

 

A portion of DL frame called a zone can be designated to a transmitted diversity 

zone if transmit diversity is used. By using STC coding all data bursts within the transmit 

diversity zone are transmitted. If AAs is used a portion of DL Subframe can be 

designated as the AAS zone. Within this part of the Subframe AAS is used to 

communicate to AAS-capable SSs. In the UL AAS is also supported. 

 

1.4 Wireless MAN-OFDMA 
 

Wireless MAN OFDMA uses orthogonal frequency division multiple access (OFDMA) 

with a 2048-point transform (a function of OFDM). In this system addressing a subset of 

multiple carriers to individual receivers provide multiple accesses. The use of AAs is 

supported because of the propagation requirements. 

 

PHY of WirelessMAN-OFDMA is based on OFDM modulation. In both UL and 

sub channelization is supported. This particular standard supports five different sub-

channelization schemes. Both TDD and FDD operations are supported by OFDMA PHY.  
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Modulation levels are also supported as well as STC and AAS with SDMA are 

also supported as in multiple inputs and multiple output. A number of techniques is used 

by MIMO for the utilization of multiple antenna at the BS and SS so that the capacity and 

range of the channel can be increased. 

 

Structures of OFDM PHY is similar to structure of OFDM PHY , the only 

exceptions are the sun channelization which are defined in the DL and the UL so 

broadcast messages can be sent at the same time accordingly as data. The frame is 

divided into number of zones because of different sub channelization schemes already 

exists, each zone utilizes its own sub channelization scheme. 

 

The MAC layer is responsible in dividing the frames into the zones and 

communicating this structure to the SSs in the DL-MAP and UL-MAP. As of now 

optional transmit diversity, AAS zones as well as a MIMO zone are in the OFDM PHY.  

 

1.4.1 Wireless High Speed Metro Area Network (Wireless HUMAN) 
 

It is similar to the OFDM-based schemes and is focused on Unlicensed National 

Information Infrastructure (UNII) and other unlicensed bands. 

 

1.4.2 Single Carrier (SC) Variants 
 

There are two single carrier variants of fixed WiMAX. These variants can be founded 

on frequency division duplexing and time division duplexing.   

 

1.4.3 Wireless Man SC 10-66 GHz 
 

The BS basically transmit a TDM single in this particular point to multipoint 

architecture having individual serially SS time slots. It utilizes a burst design which allow 

both TDD and FDD to operate simultaneously and two separate channels and this 
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particular burst design allows handling of both FDD and TDD. Both TDD and FDD 

alternatives supports adaptive burst profiles in which modulation and coding options may 

be dynamically assigned on a burst-by-burst basis. 

 

1.4.4 Uplinks (ULs) 
 

The UL in the PHY is basically based on a combination of  

 

• TDMA  

• Demand assigned multiple accesses (DAMA).  

 

The UL channel is divided into a number of time slots. The MAC layer in the BS 

controls the number of slots assigned for various uses. The DL channel is TDM with the 

information for each SS within the same sector. To support H-FDD SSs provision is also 

made for a TDMA portion of the DL. 

 

A typical UL sub frame for the 10-66 GHz is shown in figure 8 which is given below. 

 

 

 

 

 

……                                                                                          …… 

 

 

 

SS Transition Gap 

 

Figure 8: UL Subframe for Wireless MAN-SC [1]. 
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The UL-MAP grants bandwidth to specific SSs which are different in case of DL. 

Specified by the Uplink Interval Usage Code (UIUC) in the UL-MAP entry granting 

them bandwidth the SSs transmit in their assigned allocation using the bursts profile. For 

initial system access and broadcast or multicast bandwidth requests the UL Subframe 

may also contain contention based allocation. The access opportunities for initial system 

access are seized to allow extra guard time for SSs that have not resolved the transmit 

time advance necessary to offset the round trip delay to the BS. 

 

1.4.5 Downlinks (DLs) 
 

In order to identify the beginning of the MAC PDU the DL PHY includes a 

Transmission Convergence Sub layer that inserts a pointer byte at the beginning of the 

payload. Data bits coming from the Transmission convergence Sub Layer are randomized 

forward error correction (FEC) encoded and mapped to QPSK 16-QAM or 64-QAM 

signal constellation. In the structure for a burst FDD DL frame each frame is subdivided 

into a number of physical slots and each slot represents four modulation symbols. The 

frame starts with a TDM section that is organized into different modulation and FEC 

groups. The group contains data transmitted to full-duplex stations. The last section of the 

frame is the TDMA section which contains data transmitted to the half duplex stations. 

 

Each bursts upstream contains three types of slot 

1. Contention slots used for registration 

2. Contention slots used for bandwidth /channel requests 

3. Slots reserved for individual stations. 

 

Each type of slots carries the modulation scheme in order to support different 

stations that can be assigned to different modulation schemes. Here a 4-QAM is utilized 

by the contention slots. 

 

There are a number of mini slots in an upstream which are partitioned in a 

continuous FDD and at the same time BS starts broadcasting MAP messages on the 
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downstream working on the same channel. There is a basic instruction given by the MAP 

message for each particular upstream. The messages are transmitted at the rate of 250 

times per second.  Figure below illustrates the above mentioned theoretical details. 

 

  

 

 

 

 

Figure 9: TC Sub layer and the MAC PDU in the WirelessMAN-SC PHY [1]. 

 

 

Reed Solomon GF (256) is utilized in FEC which have the feature of variable 

block size and capability for error correction. In order to transmit data like frame control 

and initial access pairing is done which includes block convolution code. QPSK, 16-

QAM and 64-QAM are utilized by FEC in order to have a burst profile having variation 

with robustness and efficiency itself.FEC needs to be full. The BS manages the 

shortening of UL and DL which is than communicated in UL-MAP and DL-MAP 

accordingly. 

 

A frame of 0.5,1 and 2 ms is used by the system and then in order to meet the task 

for bandwidth allocation and identification of transition of PHY the frame is divided into 

physical slots. There exists 4 QAM in a physical slot. Having the same carrier frequency 

the UL Subframe follows the Dl Subframe in a TDD variant. In the case of FDD they 

operate on different frequencies. The DL Subframe is shown in figure given below. 
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TCM Portion 
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Figure 10: FDD DL Subframe [1]. 

 

 

1.4.6 DL Subframe 
 

There exists a DL-MAP for a DL frame and also for a UL-MAP in a frame 

control for a particular DL Subframe. The function of the DL-Map is to pinpoint the 

transition time for the PHY which occurs in DL Subframe having consist a portion of 

TDM. Burst profile is used in order to transmit DL data to every SS. In order for the SS 

to receive their data the data is transmitted in order of decreasing robustness which may 

result in the lose of synchronization within the DL itself. 

 

At the start of each new burst profile a set of instruction which is already included 

in FDD systems TDMA segment which reflect better support for half-duplex SS. In an 

FDD system having large number of half-duplex SS there exists a probability that some 

SSs may be required to transmit data in the frame earlier than the receive itself which 

TDIM DIUC a Preamble Broadcast Control DIJC=0 TDIM DIUC b TDIM DIUC c TDMA Portion

DL-MAP Preamble UL-MAP 

Preamble TDIM DIUC d Preamble TDIM DIUC e 
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result in lose of synchronization within SS in the DL, only the pre defined instructions 

defined by TDA allow to regain synchronization. 

  

In order of have a variation in services with respect to the bandwidth the duration 

of burst profiles and also the existence and non existence of the TDMA portion may vary 

dynamically from frame to frame. Since the SS is already mentioned in the MAC headers 

the SS listen to DL Subframe that they receive. In case of full duplex SSs there should be 

equal or greater burst robustness in the burst profile.  

 

1.4.7 Wireless MAN Single Carrier Access 2-11GHz 
 

A single carrier modulation format is used in case of WirelessMAN-SCa their 

task is to operate on different NLOS. WirelessMAN-SCa is defined by five different 

concepts in the PHY layer. These are as follows 

 

• TDD 

• FDD 

• TDMA-UL 

• TDM or TDMA DL 

• Block Adaptive Modulation 

 

The PHY layer includes FEC coding which are used for both UL and DL and also for 

frame structures. These features helps in providing equalization, channel estimation 

performance over NLOS and extended delay spread environments, parameter settings and 

MAC/PHY. 
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1.4.8 Components contained in a Wireless MAN-SCa 2-11 GHz 
 

 

Term    Description  

 

Payload Refers to individual units of the transmission content that are of 

interest to some entity at the receiver end  

 

Burst A burst contains payload data and is formed according to the rules 

specified by the burst profile associated with the burst. The 

existence of the burst is made known to the receiver through the 

contents of either the UL-MAP or DL-MAP. For UL the burst is a 

complete unit of transmission that includes a leading preamble 

encoded payload and trailing termination sequence. 

 

Burst Set A burst set is a self contained transmission entity consisting of a 

preamble one or more concatenated bursts and a trailing 

termination sequence. For the UL burst set is anonymous with the 

burst. 

 

Burst Frame A burst frame contains all the information included in a single 

transmission. It consists of one or more bursts sets. The DL and 

UL sub frames each hold a burst frame.  

 

MAC Frame Refers to the fixed bandwidth intervals reserved for data 

exchanged. For TDD a MAC frame consists of one DL and one 

UL Subframe corresponding to the maximum length of the DL 

Subframe. FDD UL Sub frames operate concurrently with DL sub 

frames but on separate frequency channel. 
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Chapter 2 Introduction to MAC Layer                            
 

 

MAC protocol is used for point-to-multipoint wireless applications and it provides 

improved bit rates for both UL and DL. With the help of WiMAX and having bandwidth 

allocation algorithms it provides an effective way for multiple users to share the same 

channel. Each user require different services according to there needs and requirements. 

In such case WiMAX MAC provides support for both continuous and burst traffics which 

helps in the improvements of QoS. 

 

WiMAX MAC provides two main features. 

 

• Intelligence for the PHY. 

• Improved QoS.  

 

WiMAX supports ATM and Packet-base protocols. The task of the Convergence sub 

layer is to map the traffic at transport layer to MAC which helps MAC to carry different 

traffic types. Convergence Sublayer and traffic type work together by using payload 

header suppression, packing and fragmentation so that traffic can be managed and carried 

out more effectively. 

 

2.1 MAC and WiMAX Architecture  
 

The function is based on point-to-multipoint for a WiMAX DL from the base station to 

the user itself. Figure below illustrates such behavior. 

     

 

 

 



 

Analysis of Fixed WiMAX and Mobile WiMAX 
 

17

   

 

 

   Power Tower     Base Station 

 

 

 

       Base Station  

  

 

 

            

       Base Station 

 

Figure 11: WiMAX Architecture for Point-to-Multipoint distribution [1]. 

  

 

The Link of a WiMAX usually works having a BS as the central point with an 

antenna which helps in the handling of multiple independent sectors in a parallel format. 

Having a frequency channel and antenna sector all the active channels receive similar 

transmission. Since the BS is transmitting information in this particular direction that is 

why it doesn’t require any coordination with other stations in the end DL is generally 

broadcast. If DL-MAP is unable to indicate a portion of DL sub frame is not a SS in that 

case all active SSs will listen to that particular portion of the DL Subframe.  

 

MAC is connection oriented itself. A 16-bit connection identifiers also known as 

CIDS require continuous or on demand bandwidth. CIDS are used to identify difference 

between multiple UL’s and DL channels. The SSs check out these particular CIDs which 

are received in the PDUs and PDUs which are addressed to the CIDS will be returned.  
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The MAC PDU is known as a data unit which is exchanged between the MAC 

layers of the BS and its SSs. By using the previous lower layer data unit generated on the 

downward direction. 

 

A 48-bit MAC address is included in each SS, the task if this is to identify 

different equipments because of using a primary address during CIDs operations. Three 

management connections in every direction are assigned by the SS on entering the 

network. These connections depict the requirement for QoS used by these particular 

management levels and they are given below.   

 

 

1. Basic Connection 

Transfer short, time critical MAC and radio link control (RLC) messages. 

 

2. Primary management connection 

Primary management connection transfers longer and delay tolerant messages 

used for authentication and connection setup accordingly. There exists a secondary 

management connection transfer standard which is based management messages known 

as Dynamic Host Configuration Protocol (DHCP), Trivial File Transfer Protocol (TFTP) 

and Simple Network Management Protocol (SNMP) and at the same time SSs are 

allocated transport connections for the contracted services. 

 

 

3. Transport Connections 

In case of transport connections a unidirectional to have a facility for different UL 

and DL QoS and traffic parameters they are assigned to services in pairs. 

 

Depending on demand SSs share UL to the BS. The class of service utilized the 

SS may issues continuing rights n order to transmit or the BS will grant the right to 

transmit once it received a request from the user. 
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2.2 Service Classes and QoS 
 

Users can control the transmission protocol which can control the contention 

between different users in each sector and can enable the service to adjust according to 

the delay and bandwidth depending on the user application requirements. 

 

There are four different types of UL scheduling mechanisms which are usually 

utilized in order to achieve tasks. 

 

Four different types of UL scheduling mechanisms are utilized in order to 

accomplish such task. These mechanisms are basically used using bandwidth grants, 

polling and also on contention procedures. WiMAX provides different types of QoS 

depending on the type of application to be processed at hand. 

 

 

1. Unsolicited Grant Services (UGS) 

 

UGS is designed to support constant bit rate also known as CBR, a service such as 

T1/E1 emulation and VoIP without silence suppression. 

 

 

2. Real-Time Polling Service (rtPS) 

 

Designed to support real-time services that generate variable size data packets 

such as MPEG video or VoIP with silence suppression on a periodic basis. 

 

3. NonReal Time Polling Services (nrtPS) 

 

Designed to support non-real time services that require variable size data grant 

burst types on a regular basis. 
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4. Best Effort Services (BE) 

 

For web surfing these services are provided by the internet. 

 

In case of utilization of polling, it helps in simplification of different operations 

and also guarantees that a particular application receives its due share.  In case of real-

time applications like voice more periodic service is required so that the factor of delay 

can be avoided as much as possible.  

 

Mapping of different services on a SS allows a variation of different levels in QoS 

when a connection is established. In case of SS installation a service flow may be 

provided accordingly. Once the SS registers these particular flows, there is one 

connection in every flow, it provides a reference for the bandwidth request and similarly 

new connections are created when a user requires a change in service. Connection 

consists of two things  

 

• Service flow 

• MAC  

 

The task of the service flow is to define the QoS once the connection has been 

connected accordingly. 

The working of service flow depends on the DL and the UL for the controlling of 

the QoS itself. They grant the bandwidth on per connection requirements. Furthermore 

the BS gives out bandwidth to the SS with each connection established. 

 

For each and every burst for a particular SS a separate modulation scheme is 

provided in the form of a burst profile. The MAC on the other hand will do its best to 

provide as efficient as possible usage of bandwidth accordingly.  
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An efficient and self-correcting design is made known as request-grant 

mechanism in such case the WiMAX won’t lose any efficiency when there exists more 

than one connection and QoS in each terminal. 

 

There is a sub layer for privacy which is present in the MAC layer which provides 

authentication within the network for access and also for the sake of authentic connection 

establishment and also support privacy by using a key exchange and encryption for data 

privacy.  

 

2.3 Service-Specific Convergence Sublayers 

 
There are two standards defined by the WiMAX for the sole purpose to map 

services to and from WiMAX MAC connections accordingly. 

 

• The ATM convergence sub layer is for ATM services. 

• The Packet convergence sub layer is defined for mapping packet services such as    

     Internet Protocol version 4 or 6 (IPv4, IPv6), Ethernet and virtual local network     

(VLAN) 

 

 

The primary task of the sub-layer is to classify service data units also known as 

SDUs to a MAC connection to have a better QoS and efficient bandwidth allocation. In 

two adjacent protocol layers SDUs exchange themselves accordingly. They data units are 

received on the previous higher Sublayer. The mapping depends on the type of service 

being utilized. The other function the convergence Sublayer performs is payload header, 

suppression and reconstruction to have more efficient airlink. 
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2.1.1 Common part Sublayer 
 

There are additional connections for different purposes present in the MAC. There 

are connections which are based on contention and other are based on broadcast 

transmitting in DL and also for signaling broadcast based on contention polling to satisfy 

the needs for SS accordingly. There are other connections which are reserved for multi 

cast in such cases the SS joins the multicast polling group which are linked with the 

multicast connections. 

 

2.1.2 MAC PDU Formats 
 

A MAC PDU consists of the following 

 

• MAC fixed length MAC header 

• A variable length payload 

• Optional cyclic redundancies check (CRC).  

 

Two header formats are defined 

 

• Generic Header 

• Bandwidth Request Header  

 

The MAC PDUs containing no payload MAC PDUs contain either MAC 

management messages or convergence sub layer data. There are three types of MAC 

subheaders they are listed below: 

 

1. Grant management subheader 

     Used by an SS to convey bandwidth management needs to its BS. 

2. Fragmentation subheader 

Contains information that indicates the presence and orientation in the payload of 

any fragments of SDUs. 
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3. Packet subheader 

Indicates the packing of multiple SDUs into a single PDU. The grant management 

and fragmentation subheader may be inserted in MAC PDUs immediately 

following the generic subheader if so indicated by the Type Field. The packing 

subheader may be inserted before each MAC SDU if so indicated by the Type 

Field.  

 

 

 

 

Figure 12: MAC PDU [1]. 

 

 

2.1.3 Transmission of MAC PDUs and SDUs 
 

The oncoming PDUs from the MAC depends on the format of MAC PDU itself 

with fragmentation and packing before being established by one or more connections 

depending on the MAC protocol. The MAC layer are transparent to the receiving entity 

because MAC SDU reconstruct itself after travelling through the air link established to 

form back the original MAC SDU. This concept is shown in figure below 
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Figure 13:  Fragmentation and Packing of SDUs and PDUs [1]. 

            
             

 

2.4 Packing and Fragmentation 
 

Packing and fragmentation is a process which is suitable for Fixed WiMAX, in 

such scenario allocation of bandwidth is processed in order to have more reliability and 

efficiency. In case of fragmentation a MAC SDU is furthermore sub-divided into one or 

more different MAC SDUs.  

 

In case of packing multiple MAC SDUs are packed in a single MAC SDU which 

is different from fragmentation. Initiations in case of BL for a DL and SS for a UL can be 

made accordingly. In order to have an efficient usage of bandwidth the WiMAX allows 

parallel processing of both packing and fragmentation.  
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2.5 PDU Creation and Automatic Repeat Request 

 
ARQ are different units of data which are processed in an ARQ connection. The 

basic function of the ARQ is to transmit MAC SDU blocks, in case of a damaged block. 

MAC use a sliding window-based mechanism in such case the transmitter can send 

multiple numbers of blocks without bothering to have any acknowledgments. 

Furthermore the receiver sends messages containing acknowledgments to the transmitter 

to specify how many SDU blocks have been lost and how many are received. The lost 

blocks are transmitted again and moved to a sliding window to be processed accordingly. 

 

A service class is defined to each SS and BS which has already established a 

connection among them. The packets are placed in a connection which is based on the 

type of QoS required by the application accordingly. 

 

Figure 13 specifies the WiMAX QoS mechanism which supports multimedia 

services including TDM voice and VoIP, video streaming, TFTP, hypertext transfer 

protocol (HTTP) and email. 

 

 

2.1.4 PHY Level Support and Frame Structure 
 

There is support for both TDD and FFD in WiMAX. In FDD there is support for 

both continuous and burst DLs. Continuous DLs allow robust techniques such as 

interleaving. Burst DLs work on different basis it allows the use of more effective 

robustness and techniques used for the improvement of capacity such as subscriber-level 

adaptive burst profiling and AASs. 

 

The MAC builds a DL Subframe starting with a frame control section containing 

the DL-MAP and UL-MAP messages, which indicate PHY level transitions on the DL as 

well as bandwidth allocation and burst profiles on the UL. 
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The DL-MAP consists of two FEC blocks. In case of the UL-MAP allocation is 

done before the arrival of next frame. The UL-MAP immediately starts to reserve space 

which results in less processing time and less amount of delay. For a particular 

application some amount is required to have a connection between the user and the UL-

MAP itself when talking about FDD systems, this is depicted in figure below.   
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Figure 14: Uplink Subframe [1]. 
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Chapter 3 Transmission Convergence Layer 
 

The TC layer is present between the PHY and MAC layer. The basic task of this 

layer is to transform MAC PDUs into fixed length blocks. It all begins with a pointer 

which points the next header of the MAC PDU which is present in the FEC block itself. 

In case of damaged blocks TC will follow resynchronization for next MAC PDU. 

   

            

            

            

            

     

Figure 15: Relationship of transmission convergence layer with physical and MAC layers [1]. 

 

3.1 Working of WiMAX 
 

There are two essential requirements for the working of WiMAX 

 

• Session Setup 

• Authentication 

 

In case of service flow the controlling is done by RLC itself. With the factor of 

WiMAX involved the process consists of transaction between the SS and BS accordingly. 

The configurations of FDD and TDD system depend upon a complicated process based 

on the service flow. The major task of FEC defines burst profiles, bandwidth and 

encryption. After the configuration and successful running of SS the next phase is that of 

acquiring channel accordingly.   

MAC Layer 

Transmission Convergence Layer 

Physical Layer 
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3.2 Channel Acquisitions 
 

The newly developed protocols in the MAC allow automatic configuration for the 

user, the buyer or the user only needs to unpack the SS and power it up, the SS will start 

feeling the environment on its own. 

 

After successful running of the SS it automatically begins to feel the frequencies 

gathered around its range. Most probably the SS will be tuned during the manufacturing 

phase, in case of a dense environment where there can be existence of multiple 

frequencies the SS is registered with a BS to avoid collision and confusion. 

 

Synchronization takes places ones the required frequency has been selected by the 

SS which kinks with the BS. Once the PHY layer is synchronized with the SS it will start 

searching for DCD and UCD messages which allow the SS to identify the modulation 

and FEC schemes which will be used on the BS carrier accordingly. 

 

3.2.1 Initial Ranging and Negotiating of SS Capabilities 
 

The SS will start searching for all valid UL-MAP messages which are present in 

the frames in order to identify the information for ranging, having said that the 

establishment of initial ranging transmission is already a success. A RNG-REQ message 

also known as ranging request message is required to be identified by the SS for this case 

a complex algorithm is used. The procedure starts with low power which after some 

progression will result in gain in power after some time until it receives some response 

regarding ranging.  

 

Parameters like time for arrival of the RNG-RNQ and the amount of power used 

for the establishment of transmission BS will retunes and resynchronizes with the SS 

with a new ranging response which is known as RNG-RSP. After the successful 
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configuration of the timing between the SS and the BS the next phase is to refine the 

transmission power in order to have accurate range between them.  

 

Robust profiles are utilized for successful transmission of WiMAX accordingly. 

The SS will contact the PHY layer whose task is the modulation and coding for the sole 

purpose to avoid unnecessary usage of bandwidth. It supports both half-duplex and full-

duplex modulations. The final decisions are made by the BS. 

 

 

 
              Channel Acquisition, Ranging and Negotiation of Subscriber Capabilities 

 

Base Station         Subscriber Station 

             

1. SS begins Scanning presets frequency for base station. 

 

2. BS responds. Synchronizes with SS. 

 
3. Ranging parameters used sets UL-MAP messages in every frame. SS  

                        bursts with increasing power until it reaches a ranging response from the       

                        BS. 

 

4. BS responds with timing and power adjustments, management CIDs. 

 

5. SS reports its physical layer capabilities. 

 

6. BS accepts SS is ready for service flow. 

 

 

Figure 16: Channel Acquisition process between an SS and a BS [1]. 
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3.2.1.1 SS Authentication and Registration   

 

An authentic SS will contain a valid X.509 digital certificate which is installed 

during its manufacturing period. When SS asks for authorization requests these 

certificates are evaluated for the authenticity of the SS itself. This is done by a 48-bit 

MAC address within the SS including the RSA key help with the BS accordingly. 

 

By monitoring the certificates installed in the SS the network can make sure that it 

is the right SS for this particular network and is authorized accordingly. Based on the 

validation and verification of the SS it will allow entering the network if allowed. 

 

Identification will be made by the network for the SS if the authorization is valid 

it will allow the SS to join the network which will be done by an authorization key also 

known as AK which is used for privacy and security issues. 

 

Once the authenticity is made valid the SS will be registered to the network 

immediately. After this a secondary connection management is established for further 

progression within the system. 

 

3.2.1.2 IP Connectivity 

 

An IP address is assigned to the SS by the network once the connection is made 

by the help of DHCP. The basic task of the dynamic host configuration protocol is to 

provide a TFTP address to the SS itself for the sole purpose to acquire a configuration file 

necessary to have for further progression.  

 

3.2.1.3 Connection Setup 

 

Service flows are used in order to have a one-way transportation of packets in the 

UL or DL. Different parameters like Jitter derive the quality of QoS. Two-Phase 
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activation method is utilized by WiMAX in order to have better performance in a 

network. In such case the service flow is allowed some resources and is not utilized until 

the service flow itself is enabled. A CID is allocated to every service flow which is also 

mapped on a MAC. In WiMAX the service flows are pre-planned and configured and the 

final phase is that BS initializes the service flows when SS is also initialized. 

 

Dynamic service flows is said to be established between the BS and SS and the 

SS will only make further progress in case of a dynamic signaling connection which is 

known as switched virtual connection also called SVC. A three-way handshaking is used 

in order to have complete establishment between the service flows. The major advantage 

of WiMAX is that it supports dynamic changes within the network. A three-way protocol 

is used for hand-shaking which is identical to dynamic service flow 

 

 
   Subscriber Station Authentication and Registration 

 

Base Station         Subscriber Station 

1. Authentication request and autentication Information. 

 

2. BS responds with authentication reply. 

 
3. With successful authorization SS registers with the network  

                              

                    4. After registration SS attains an IP address via DHCP 

 

                    5. SS DHCP server proivdes address of TFTP server where SS obtains a   

    configuration file 

 

                    6. BS accepts SS is ready for service flow. 

 

Figure 17: SS Authentication and Registration [1]. 
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Chapter 4                          Radio Link Control  
 

The basic task of RLC is to make sure that a stable link and make sure that the 

channel acquisition and service flow are running concurrently. RLC allows the WiMAX 

to have transaction from one burst profile to another burst profile. The functions of RLC 

include control of power and ranging. 

 

 
                           Radio Link Control 

 

Base Station         Subscriber Station 

             

1. BS broadcast burst profile for uplink and downlink. 

 

2. SS does power leveling and ranging with range requests. 

 
3. BS response with range response. 

                              

                    4. SS transmits requests for downlink to BS. 

 

5. BS confirms the choice in range response and commands SS to use a   

    particular uplink burst profile in the UL-MAP message. 

 

                    6. Radio link Control continues to adapt the SS’s current UL and DL. 

 

7. BS can grant downlink burst profile change request. 

 

Figure 18: RLC ensures stability of WiMAX connection [1]. 
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Periodic broadcasts of burst profiles are introduced by the RLC which works in UL 

and the DL accordingly. Based different factors like rain and defined equipments the 

burst profiles are chosen accordingly. A downlink Interval Usage Code also known as 

DIUC is used with the DL for every burst profile and similarly for UL a UIUC is used 

accordingly. 

 

The first task of SS is to check the power level and the ranging; it uses RNG-REQ 

messages when it first starts transmission. New forms of messages are resend back 

known as RNG-RSP which derives the requirement for SS with respect to power and 

timing. 

 

The SS during the ranging phase is allowed to be used in the Download Link; by 

using help of a particular burst profile transmission of DIDUC to the BS is possible. 

Based on the quality of DL the SS makes choices accordingly. The RNG-RSP is 

completely dependent on the SS, another task BS has to analyze the quality of the UL. 

 

When the initialization between the Uplink and downlink are made between the base 

station and the SS the job of the Radio Link Control is to analyze the burst profiles 

accordingly. Harsher conditions may vary the burst profile for SS.  

 

SS’s profile regarding uplink and downlink are utilized by the RLC constantly. The 

goal is to have an efficient and reliable system in order to have better output. The task of 

the BS is to look for the quality regarding uplink signal and so on there is no complexity 

in the change of burst profile for the UL. Whenever there is a requirement for bandwidth 

by SS the BS then specifically use the profile UIUC accordingly hence there is no need 

for any acknowledgement as the SS will automatically be receiving UIUC and burst 

profile hence this result in cancellation of dissimilarity between the SS and the BS burst 

profile.   
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In order to change the profile the SS analyze the signal it receives from the 

download link. The change depends on the BS. To change a DL there exists two modes 

they are given as follows. 

 

Modes of Operations 

 

• Grant per Connection (GPC) 

• Grant per SS (GPSS) 

 

This method is only applicable to GPC SS, the function is that SS is allowed to have a 

station which maintains which is done by BS.RNG-REQ messages are used to change the 

DL profile and an alternate method is that BS will reply to DBPC-REQ messages to for 

confirmation or denial of any change. 

 

4.1 The UL 
 

There is a scheduling algorithm involved with every connection within a UL. BS 

is forced some algorithms which are already defines there own rules in order to have 

allocations for UL and requests between the SS and BS. During the connection setup time 

the specifications for the UL connections are negotiable for small amount of time. 

 

4.2 Service Flow 
 

Provisioned Service table, Service Class table and Classified Rule are utilized for 

the sole purpose of auto-installation and dynamic configuration. It is the duty of the 

customer to provide relevant details to the service provider of what type of applications 

he will be using. By stating that a database relating such requirements are created. 

 

Figure 19-A, 19-B, 19-C indicates the two SSs identified by the MAC address 

itself. Each SS have two service flow which are identified by sfIndex itself and also 
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associated QoS parameters that are indentified by qosIndex 1 and 2 accordingly. QoS 

contains three levels which are gold, silver and bronze. 

 

The sfIndex points to entry in the wmanBsClassifierRuleIndex and then indicate 

which rules will be used in order to classify the packets in the service flow itself.  

 

When the SS registers with the BS using a MAC address the BS automatically 

creates an entry in the wmanIfBaseRegisteredTable and based on that particular MAC 

address it will be easy for the BS to find the service flow information that has been 

provisioned to it. The BS use a Dynamic service activate also known as DSA message in 

order to create a service flow for sfIndex by using the service flow information itself. 

Figure 19 will create two entries wmanIfCmnCpsServiceFlowTable itself and then it will 

be easier for the customers to send data traffic due to availability of the service flow. 
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Figure 19: Service Flows and Entries [1]. 
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Chapter 5            Analysis WiMAX Spectrum  
 

Just as the in wireless technology Wi-Fi which also known as 

Wireless Local Area Network boom took off on the carrier of the IEEE 

802.11 standard similarly an emerging Metropolitan Area Network (MAN) 

has launched Wireless Metropolitan Area Network standards which based 

on IEEE 802.16. In communication all  over the worldwide many radio 

frequencies band varies by region. Many spectrum-governing authorities 

e.g. U.S Federal Communications Commission play an important role in 

determining and managing useable spectrum for various internet 

subscribers and competing services. To make the available portions of 

spectrum that may or may not in proportion with the rest of world by the 

government who have governing authorities. It  is the case happens in the 

deployment of WiMAX. There is also a great deal of diversity in spectrum 

allocation and regulation. 

 

 In allocation of spectrum there are two types of bands one is 

licensed and other is unlicensed band by the government authorities. In 

communication to deliver the data it can be chose either licensed or 

unlicensed spectrum. Many Wireless Internet Service Providers likely to 

choose to use unlicensed spectrum as it  is free for using and it  can reduce 

the cost effectively. In the diversity of spectrum for deployment of 

WiMAX may require the development Base Stations (BS) and Subscriber 

Station (SS) for radio frequency diversity. As shown in figure 20, a 

generic Subscriber Station of WiMAX system includes a control  

processor, a baseband processor, a MAC unit,  and an analog RF front end 

that provide the service as 802.16x into specific licensed or unlicensed 

band. 
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 WiMAX broad band wireless access applications include 

backhauling for cellular networks, wide bandwidth backhauling for wired 

and wireless Local Area Network, and for wireless Metropolitan Area 

Network to bring Broadband Wireless Access at homes, companies and 

businesses as an alternative option in place of DSL or cable access. Our 

mainly focus has been given to frequency band allocated that exist in the 

range of 2 to 6GHz portions of the spectrum. This is the allocation of 

spectrum where bandwidth is narrowband relatively to that bandwidth 

which available in the range of 10 to 66GHz. Below 10GHz the 

microwave frequencies are referred to as centimeter bands and frequencies 

above the range of 10GHz are millimeter bands. Millimeter bands having 

much wider allocated channel bandwidths carry large data capacities. 

Therefore for high data rate line of sight backhauling applications these 

millimeter bands are generally most suitable, while centimeter bands are 

suited for multipoint,  No Line of Sight and distribution over the last mile. 

 

 

Figure 20: Block diagram of WiMAX Subscriber Station [2]. 
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In worldwide the centimeter spectrum contains a significant and last 

mile market.  IEEE 802.16d known as fixed which no line of sight is 

supplants DSL and cable access for last mile service becoming the base 

for the first wave deployment of WiMAX. As technology moving forward 

IEEE 802.16e added mobility and portability to applications such as 

notebooks, laptops and PDAs for spectrum of range below 6GHz. In 

utilizing of spectrum, licensed and unlicensed spectrums include in 

deployments. 

 

 

Figure 21:  2 to 6GHz centimeter bands available for Broadband Wireless Access (BWA) [2]. 

 

 

5.1 Spectrum Characteristic 

 

1. Licensed and Unlicensed Spectrum 

Figure 21 shows the various bands available for broadband wireless 

access in the 2 to 6 GHz range. Note that these bands are identified 

as either licensed or unlicensed. Licensed bands and the bands that 
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are “owned” by carriers or companies that have paid for using the 

service of these bands. Unlicensed bands are freely available for 

any experimental or enterprise applications. IEEE 802.11a/b/g 

based Wi-Fi allocated in unlicensed bands which has proven to be 

very robust in competing the new technologies within these bands. 

As compare to millimeter bands channels data rates are limited as 

band channel spacing is narrowband. 

 

Many Wireless Internet Service Providers interested to utilize 

unlicensed bands because they are free to use, saving both money and 

time for local network deployment. Using this unlicensed band reduces 

costs for the internet subscriber and provides a competitive option 

alternative to DSL and cable modem services. On the other hand major 

carriers or companies that have authorities to use licensed spectrum can 

market it  for business class service and provide the reliability and 

robustness. 

 

5.2 Band Distinctions 

 

1. 3.5GHz Band:  In many European and Asian countries the 3.5GHz 

band is licensed spectrum that is available for Broadband Wireless 

Access, but not use in the United States. It  is the most heavily 

allocated band representing the largest global Broadband Wireless 

Access market. It  Covers 300MHz of bandwidth which is range 

from 3.3GHz to 3.6GHz. For large pipeline backhauling in Wide 

Area Network services this band is very useful and it provides a 

great flexibility. In this licensed spectrum, major carriers and 

companies will  be able to offer competitive internet subscriber fees 

in market of Wireless technology through the economy and lower 

equipment costs that WiMAX broadband wireless access brings. 
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2. 5GHz U-NII & WRC Bands: The Unlicensed National Information 

Infrastructure (U-NII) bands have three main frequency bands 

which are as follows, low and mild Unlicensed National Information 

Infrastructure bands range from 5150 to 5350, World Radio 

Conference range from 5470 to 5725, and upper Unlicensed 

National Information Infrastructure band range from 5725 to 5850. 

Most WiMAX deployment activities are in the upper Unlicensed 

National Information Infrastructure bands range from 5725 to 5850 

because at that allocated spectrum there are lesser competing 

internet subscribers and interferences. 

 

3. WCS:  The two Wireless Communication Service band are identical 

15MHz slots range from 2305 to 2320MHz and 2345 to 2360MHz 

respectively. The 25MHz gap between these bands is assigned to the 

Digital Audio Radio Service. For the successful deployment of 

these bands we need exceptional spectral efficiency such as offered 

by very famous modulation technique Orthogonal Frequency 

Division Multiplexing and RF modulation technique which 

commonly used by Wi-Fi and WiMAX. 

 

4. 2.4GHz ISM:  The frequency in the range of 2.4GHz used by 

Industrial ,  Scientific and Medical which is unlicensed and offers 

roughly 70MHz of bandwidth for broad band wireless access 

deployment. In future WiMAX technology contains more advanced 

features which specify interoperable baseband processor 

requirements will  bring the two services together for 

complementary operation which will  deliver wide area mobility to 

the internet user.  
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5. MMDS:  The Multichannel Multipoint Distribution Service spectrum 

includes 30 channels of 6MHz spacing in the range from 2500 to 

2690MHz frequency and it  includes the Instructional Television 

Fixed Service. 

 

Due to the potential in the market for very growth and utilization of 

the WiMAX broadband wireless access is trying to focusing its initial  

spectrum and certification efforts on the Multichannel Multipoint 

Distribution Service in the range of 3.5GHz which based on licensed 

bands and the unlicensed bands like Unlicensed National Information 

Infrastructure in the range of 5GHz band where there is less interference 

and requires reasonable power level and medium bandwidth. This will  

help surely to make high growth rate for WiMAX broadband wireless 

access service in whole worldwide because these bands represent the 

largest potential in markets and allow the subscribers and user in reducing 

their cost. 

 

 Additional bands are being considered today by different regions 

around the world for the deployment of WiMAX and other similar 

broadband wireless access services. In Japan the band in the range of 

4.9GHz to 5GHz will  be used after 2007 while 5.47GHz-5.725GHz band is 

also being considered in the communication for future use. The first one 

will  require a license for Base Station deployment and will support 5MHz, 

10MHz and 20MHz bandwidths while the second one will  not require a 

license and would support 20MHz bandwidth. [2]  
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5.3 Current Regulatory Environment 

  

Presently WiMAX deployment can operate in unlicensed spectrum 

but service provider or internet subscriber must know a number of things 

in order to stay out of trouble with state and federal authorities.  Now we 

are going to discuss the most prominent problem areas in spectrum 

allocation. 

 Spectrum usually is managed by a number of different highly 

corporate organizations. The most visible to the normal public is the 

Federal Communication Commission. The federal communication 

commission manages the usage of radio spectrum by civilian, state, and 

local government.  

 At the present t ime the federal communication commission manages 

has very limited resources for enforcement as the trend for the last 

decades is deregulating and reducing staffing in the enforcement bureaus. 

Also the National Telecommunications and Information Administration 

work with the Interdepartmental Radio Advisory Committee which 

manages federal use of the spectrum. 

 

5.3.1 Power Limits 

  

As according to research WiMAX can operate on 70 Mbps over 30 

miles then it  must comply with the rules for power restrictions for that 

band if i t  accommodate in an unlicensed frequency. In ideal situation a 

good engineer designs a path which will have just the amount of power 

need to get from point A to point B without fading and with good 

reliability. A limitation occurs in the signal to the area being served 

during good engineering which has the effect of reducing interference and 
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providing a more efficient use of the spectrum. By using very much power 

will  cover more area than is required and will be interfere with other 

users of the other frequency band. 

 

 

5.3.2 WiMAX relationship to FCC part 15 Section 247 

  

If any service provider or any workstation would like to use 

unlicensed spectrum for the implementation of WiMAX broadband 

wireless access then thorough understanding of federal communication 

commission would be a good idea. Some of the points are as follows. 

 

Point-to-Multipoint:  

WiMAX service providers who would like to communicate or 

operate under this portion are only allowed up to 30 dBm or 1 watt 

of Transmitter Power Output with a 6 dBi antenna or 36 dBm or 4 

watts effective radiated power over an equivocally isotropic 

radiated power antenna. The transmitter power output needs to be 

reduces 1dB for every dB of antenna gain over 6 dBi. 

 

1. Point-to-Point: 

The federal communication commission prefers to use 

directional antennas which radiate power in one direction at a time 

to reduce interference to other bands. The federal communication 

commission provides more leniencies with point to point l inks by 

requiring only the transmitter power output has to be reduced by 

one third of a dB instead of a full dB power in case of point to 

multipoint.   

In case of power for every 3 dB of antenna gain over a 6 dBi 

antenna a wireless internet service provider needs to reduce 
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transmitter power output about 1 dB below 1 watt.  For example 

power of 24 dBi antenna is 18 dB over a 6 dBi antenna. 

 

 

5.3.3 Federal Communication Commission Part 15 Section 407 

 

What is the portion in part  15 applies in deployment of WiMAX 

band in the range of 5 GHz. Let us discuss some of the paragraph which 

outlines the law for this spectrum. 

 

1. Point-to-Multipoint: 

 

As shown in figure 21 the Unlicensed National Information 

Infrastructure band has been divided into three portions. The lower 

band which starts from 5.15 GHz to 5.25 GHz and has power limit 

of maximum 50 mW. This frequency band is meant to be in building 

which defined only by federal communication commission rules and 

regulations part 15.407 given below. 

 

• Any Unlicensed National Information Infrastructure device 

which operates in the range of 5.15GHz to 5.25GHz band will 

use an antenna as a transmitter that would be an integral part  

of device. 

• While within the range from 5.15GHz to 5.25GHz band 

Unlicensed National Information Infrastructure devices that 

will  be restricted to use for indoor operation to reduce any 

hazards for harmful interference to co channel Multichannel 

Multipoint Distribution Service operations. 
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2. Point-to-Point: 

The federal communication commission does give some 

latitude to point-to-point links in part 15. For the frequency in 

range from 5.725GHz to 5.825GHz band the federal communication 

commission allows a transmitted power output only 1 watt and up to 

a 23 dBi gain antenna without reducing the transmitted power 

output of 1 dB for every 1 dB of gain antenna over 23 dBi. 

In part  15 it  allows the use of any gain antenna for point to point 

operations without having to reduce the transmitted power output 

from the 5.725GHz to 5.825GHz band. [1]  

 

 

5.4 WiMAX Licenses and Spectrum 

 

5.4.1 Regional Analysis 

 

A total accumulated 720 licenses exist today for the spectrum of 

broadband wireless access/WiMAX in the world. While North America is 

by far leads in whole region in terms of number of broadband wireless 

access/WiMAX licenses for the spectrum and have been awarded with a 

total 393 whereas 184 spectrum licenses in Europe, 97 spectrum licenses 

occupied in Asia Pacific Region and finally Caribbean and Latin America 

region. Note that Educational Broadband Services spectrum licenses does 

not include in the USA counting because they are not allocated for 

commercial applications. 

 

As shown in figure 22 there is a clear difference we can seen 

between North America and Europe in the type of WiMAX frequencies 

awarded. In the graph of North America 94 percent of the frequencies 
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have been allocated in the range from 2.3GHz to 2.5GHz band with the 

remaining licenses being allocated in the range of 3.5 GHz band available 

only in Canada. 

 

In Europe 76 percent of the WiMAX/broadband wireless access 

frequencies have been allocated in the range of 3.5GHz band. Most of 

them are 2.5GHz licenses in Europe have been allocated in Russia. 

 

 

Figure 22: Number of BWA/WiMAX licenses awarded per region [3]. 

 

 

In most of part in Europe the subscribers who are license holders 

will  be able to use the 3.5GHz band for providing only fixed services. 

Whereas in the Asia Pacific region 74 percent of the broadband wireless 

access/WiMAX licenses have been allocated in the range from 2.3GHz to 

2.5GHz band. Finally the Caribbean and Latin America region has a 

situation quite identical to Europe occupying 79 percent of its l icenses 

allocated in the 3.5GHz band. 
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Figure 23: Number of Licenses per region by Frequency band [3]. 

 

As shown in figure 24 we can take North America as a perfect example 

due to 100 percent allocation of its broadband wireless access/WiMAX 

licenses are regional against 78 percent in Europe and 71 percent in the 

Caribbean and Latin America region.  

 

Figure 24:  License Coverage Analysis by Region [3]. 
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5.5 Countries Allowing Mobility for WiMAX in 

3.5GHz 

 

From the region of Europe Australia represents one of the few 

countries in which Mobile broadband wireless access/WiMAX allowing in 

3.5GHz frequency band. While in Asia Pacific which accounts for the 

second highest number of countries for allowing mobility of broadband 

wireless access/WiMAX with 3.5GHz frequency band with two countries 

Australia and New Zealand expected to be a big market for Mobile 

WiMAX. Finally the Caribbean and Latin America region is relatively 

behind than those two major regions which are Venezuela and Colombia 

allowing limited at 3.5 GHz. 

 

 

5.5.1 BWA/WiMAX Amount of Spectrum per Carrier by 

Region 

 

If we observe total amount of WiMAX spectrum which have been 

acquired by license holders companies by region. The carriers present in 

three major regions which are North America second one is Europe and 

last is Caribbean and Latin America contained same amount of spectrum 

at 49MHz for North America 49MHz for Caribbean and Latin America and 

42MHz for Europe. It  would be great to know that from Canada the 

average spectrum is much higher which obtained using the license holder 

companies. The actual range is about 77MHz higher than in USA which 

use 24MHz. While on the other side Asia Pacific region have average 

about 28MHz for each carrier.  Due to large changes in the spectrum 

allocation in the range from 2.3GHz to 2.7GHz therefore only 3.5GHz 

band is under consideration in Brazil and Mexico.  [3]  
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Figure 25: Average amount of WiMAX spectrum per carrier by region (MHz) [3]. 
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Chapter 6                       WiMAX Throughput 
 

 One of the main advantages of WiMAX is that it  supports 

throughput for very robust data in communication. Theoretically this 

technology could support maximum around 75Mbps per channel. But in 

real system performance will be relatively lower which would be around 

45Mbps per channel for fixed broadband wireless applications. During 

actual transmission it  could be changes widely depending on the carriers 

selective which basically on a per customer basis.  While the capabilities 

on a per customer basis of WiMAX will be lower in real t ime applications 

but it  would be much better than 3G technologies.   

 

Very common modulation scheme in communication is quaternary 

phase shift keying QPSK whereas quadrature amplitude modulation which 

categorized as 16 QAM and 64 QAM which shows that they have different 

data rate offer varying bandwidth by channel size. The orthogonal 

frequency division multiple access technology which actually supports 

multiple modulation schemes at a time depending upon the bandwidth 

requires by the customers which in range from cell with customer that  

receiving more signal across sub channels at closer range. For example 64 

Quadrature amplitude modulation in which a user located at greater range 

will receive signal power across few sub channels by using a lower 

bandwidth quaternary phase shift keying. 

 

The WiMAX throughput depends on the following seven components 

which are as follows: 

 

•  Channel Spacing. 

•  Inside a channel number of Fast Fourier Transform samples or sub 

carriers.   
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•  Sub carriers use as pilot channels.  

•  Sub carriers use as guard channels. 

•  Symbol duration which also including the inter symbol guard 

duration.  

•  Modulation rates. 

•  Forward Error Correction coding rates. 

 

Channel spacing is dependent on the carrier which we use 3.5MHz 

channel spacing as the base of our calculation. Frequency of 3.5MHz and 

7MHz includes in the channel spacing has used in the WiMAX carrier for 

the 3.5MHz frequency band. While in the accessing scheme of frequency 

division duplex then 3.5MHz is to be used and if scheme is time division 

duplex then 7MHz to be used. 

 

Starting with the IEEE standard 802.16 there has been extension to 

accommodate samples from 128 to 2048 fast fourier transform samples 

inside a channel for improving the efficiency for channels having low 

bandwidth and to improve performance of channels having high bandwidth 

while spacing among the sub carrier would be remain constant. Here as an 

example I take 256 fast fourier transform samples since in the original 

Intel chip 5110 of WiMAX contain 256 sub carriers that’s why these are 

the number of sub carriers. If we take 3.5MHz channel then that channel 

will further divide into smaller sub channels into 256 samples. The sub 

carriers act same as the frequencies in frequency division multiplexing.  

Actually orthogonal frequency division multiple accesses is a form of 

frequency division multiplexing except the thing is that frequencies are 

closely packed with each other and this terms known as orthogonal for 

maximizing the capability of a channel to carry the data. On the right side 

and left side of an orthogonal frequency division multiple accesses a 

single channel are said to be null sub carrier which don’t carry data. 

These are said to guard channels use in communication channels for 



 

Analysis of Fixed WiMAX and Mobile WiMAX 
 

54

avoiding interference with the closer frequency of 3.5MHz channels.  Total 

guard channels are 56 deployed in 3.5GHz band in WiMAX in which 27 

channels to the right and 28 channels to left .  

 

Apart from guard channel there are another channels known as pilot 

channels for the purpose of synchronization so the receiver would know 

the exact frequency used by transmitter on which it  can decode the signal 

and as point of reference when the frequency shifted of a signal.  When the 

signal travel through multiple paths then it  is said to be time shifted and 

when receiver is in motion then frequency is shifted of signal.  Total 8 

pilot channels basically used in 256 Fast Fourier Transform orthogonal 

frequency division multiple accesses deployed in WiMAX. In the carrying 

of actual data the main role plays by 192 sub carriers on left  and their 

data rate can be determined by the signal’s baud rate. In digital  

transmission signal refer as symbol which used to carry the information in 

the form of bits and each signal is the combination of three parts namely 

signals amplitude, phase and frequency.  

 

The concepts of baud rate and bit rate are not so different in 

wireless communication. Normally signal duration measured as bits per 

baud which basically describes the modulation rate. Suppose if someone 

has a transmission system that has a baud rate of 5 bauds and a 

modulation rate of 16 bits per baud then the bit  rate is 80 bits per second. 

Baud rate depends on the duration of symbol which calculates how long 

signal has been sent over the radio.  
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6.1 Multiple Antenna Technology in WiMAX 

 

In wireless technology WiMAX which provides broadband data at 

the rate of 3 bits per second per Hz. To increase the range and reliability 

of WiMAX the IEEE 802.16 standard supports technology which is 

multiple antenna techniques which of them are Alamouti Space Time 

Coding, Adaptive Antenna System and Multiple Input Multiple Output 

systems. While there are many modulations defined in the IEEE 802.16 

standards but we will consider in this report Orthogonal Frequency 

Division Multiplexing because of Orthogonal Frequency Division 

Multiplexing robustness to multipath propagation and easy to use for 

utilizing multiple antenna technology. 

 

There are many advantages of using multiple antenna techniques 

over single antenna techniques which are as follows: 

 

•  Array Gain: By using the multiple antennas we can achieve 

the gain in this way the signal will add coherently. 

•  Diversity Gain: By using multiple paths we can achieve the 

gain so that the probability of any one path is in bad shape 

cannot reduce the power of signal.  Diversity gain can be 

effectively by utilizing techniques on the transmitter or 

receiver side to obtain multiple copies at the fading channel. 

Using these schemes in the wireless fading channel we can 

improve the performance by increasing the stability of the 

signal power at  the receiver. 

•  Co Channel Interference Rejection (CCIR): This scheme used 

to rejection of signals by utilizing of different channel output 

of the interferences. 
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A scheme which commonly uses to obtain both array gain and 

diversity gain to maximize the combine ratio, this combine ratio of 

multiple paths gives the maximum Signal to Noise Ration SNR. On the 

other hand selection diversity gives diversity gain where as signal is not 

combine rather than signal which would choose from antenna having best 

performance. 

 

For Adaptive Antenna System multiple signals which are 

overlapping can be transmitted by using Space Division Multiple Access 

(SDMA) simultaneously which is a technique that promotes the three 

dimensions to transmit multiple waves that are spatially discriminated. 

Space division multiple access makes use of array gain, diversity gain and 

co-channel interference rejection. 

 

For Multiple input and multiple output systems space dimensions 

multiplexing is often deployed. Spatial multiplexing sends coded binary 

data which streams across different space dimensions. Some of the 

techniques like blast which does not require any kind of feedback while 

others requires as vector coding on the modes of the channel.  In costly 

licensed bands using in WiMAX organization prefer multiple input and 

multiple output and Adaptive antenna systems due to they give higher 

performance and minimum interference and this thing make them 

attractive over the other costly techniques. 

 

 For WiMAX the simplest Multiple input multiple output system is a 

Multiple Input Single Output called Alamouti code. In this system it  

requires two antennas on the Base Station. Alamouti code transmits 

maximum diversity gain for both antennas. Second transmit diversity gain 

technique is known as cyclic delay diversity. The major advantage of 

transmitting diversity is that it  can be deployed on the base station which 
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can reduce the costs of using multiple antennas. With the Orthogonal 

Frequency Division Multiplexing techniques we can achieve higher 

throughput and range using multiple antenna technology.   

 

 Here we are going to start discussing litt le about antenna diversity. 

Geometry is very important in cancellation of radio signals. We can 

compensate this problem drastically by using two or more antennas having 

the distance should be half of the wavelength. On collection of a signal at 

the receiver end it  simply select that signal which have better quality than 

other signal by checking the both antennas. 

 

Disadvantage of using this technique is having more antennas and 

much more complicated receiver architecture design. Some of the method 

to deal with problem in propagation of signal with multipath is using an 

adaptive channel equalizer. We can use Adaptive channel equalization 

with or without antenna diversity. Currently WiMAX supports several 

multiple antenna techniques in which includes Space time coding, 

Multiple input multiple output antenna systems and Adaptive Antenna 

System. 
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Chapter 7                 WiMAX Threat Analysis  
  

In this we did an analysis of the security issues like threats to 

WiMAX 802.16. We have analyzed threats according to their possibility 

and their impacts on an individual user and critical system also including 

the global risk in future. First we mentioned the methods how did we 

conduct to analyze the threat.  

 

7.1 Methodology 
  

The methodology we can observe in Table 1 which is given below. 

The evaluation has conducted on the basis of three criteria which are first 

is Likelihood second is Impact and third one is Risk. The likelihood 

defines the probability of the attacks which associated with threat.  Two 

factors have been to be considered by attacker. One is technical 

difficulties which have been facing by attacker and has to resolve. Second 

is the motivation of an attacker to break the security and do an attack. 

 

 

 

Criteria Cases Difficulty Motivation Rank 

Unlikely Strong Low 1 

Possible Solvable Reasonable 2 

 

Likelihood 

Likely None High 3 

 User System  

Low Annoyance Very limited 

outages 

1  

 

 Medium Loss of service Limited 2 

Rationale 
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outages Impact 

High Long time loss 

of service 

Long time 

outages 

3 

Minor No need for countermeasures 1,2 

Major Threat need to be handles 3,4 

 

Risk 

Critical High priority 6,9 

Table 1: Risk evaluation grid [4]. 

 
The likelihood contains low under the motivation column which means that an 

attacker has to show an expertise to solve technical difficulties or this kind of attack there 

is a less chances for conducting it. The likelihood is possible if there is not much 

technical difficulties and have an easy solution because information it requires is easily 

available or it provides a logical motive for an attacker to steer an attack. The likelihood 

contains likely means there is no difficulties technically which attacker needs to solve to 

steer an attack or there are very high chances to manage an attack by an attacker.  

 

 The Impact defines the conclusion relating to threat after an attack. The impact 

will be low if cause of irritation to the user by an attack and it can be restoring to its 

original condition. If an attack directly to the system through which it serves many users 

at a time then possible suspension of services would be very limited. For example the 

number of affected users is limited or the suspension is for limited duration. The impact 

is said to be medium if the attack is directed to single user and user will experience loss 

of service for a certain time. If the attacker attack directly to system then the outages will 

be for long period of time and more user will be affected.  

 

 The Likelihood and Impact receive numerical values from one to three which can 

be seen in the Table 1. For any threat the risk value can be defined  as the multiplication 

of likelihood and impact value. Threat would be considered as minor if the value for risk 

is one or two and there is no need to precautions. And if the risk value is three or four 

then risk should be handle in a right way. Finally if risk value is six or nine then the threat 

said to be critical and we needs to be addressed in priority. 
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7.2 Analysis 
  

A WiMAX 802.16 wireless access network consists of base stations and mobiles 

station. The base station provides network attachment to mobile station. As a serving 

base station a mobile station selects that one which has high strength of signal. In this 

analysis the company or subscriber plays major role of the user while a base station and 

mobile station said to be the part of System. The protocol architecture of WiMAX 802.16 

is partitioned into two important layers which we can observe in figure 26.  

 

 
Figure 26: Layered Architecture of WiMAX 802.16 [4]. 

 
 

One layer is said to be Medium Access Control layer and second layer is called 

Physical layer. Refer to the diagram which indicates some of interfacing points where 

service access points are initialized. While part at the centre said to be common part sub 

layer in this layer medium access control protocol data unit are created then connection 

established and finally bandwidth is controlled. The common part integrated with a 

special layer known as Security sub layer which provide security, authentication and very 

helpful during in encryption. We can observe possible security threats on the Physical 
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layer and then at the medium access control layer step by step. Finally the observation or 

we can say the result of these analyses can describe in Table 3. 

 
 

7.3 Physical Layer Threats 
  
 At the physical layer the information bits are flowing in a structured way which 

we can say in a sequence of blocks of same length shown in figure 27. There is a 

subframe called downlink and a subframe called uplink and we have two modes of 

operation. One operation known as Frequency division duplex and second one is Time 

division duplex. The axis on the horizontal represents the time domain while the one 

vertical axis contains the frequency domain. In frequency division duplex both subframe 

uplink and the downlink sent simultaneously over the channel but on different 

frequencies therefore they can’t interfere to each other. Where as in time division duplex 

both subframe sent over the channel consecutively with a minute time gap. That duration 

would be one or two millisecond. 

 
 

 
Figure 27: Framing [4]. 
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 As security sub layer is on above the physical layer therefore physical layer is 

unsecured as shown in figure 26. WiMAX 802.16 is susceptible to physical layer attacks 

including such as jamming and scrambling. Jamming is basically combination of white 

noise which is easy to achieve by introducing a source of noise like Gaussian which 

reduces the bandwidth of channel. To overcome from jamming we can use the technique 

like frequency hopping and direct sequence spread spectrum which increase the power of 

signal or increase the bandwidth. We have several options for increasing the power of 

signal including a powerful transmitter, antennas of transmitting high gain and receiving 

high gain. With the help of radio spectrum monitor we can easily detect jamming. While 

source of noise is easily to detect using tools which determines radio waves. Since 

Jamming is very easy to detect in any communication channel so we analyzed that it has 

very low impact on system as well as on users. 

 

 Scrambling technique is a kind of jamming but it would be for small duration of 

time and it directly attacks on blocks or part of blocks. Scramblers can selectively 

scramble control bits of information from block by disturbing the operation of network. 

For time sensitive messages it will create problem of large amplitude which cannot bear 

the delay such kind of transmission like report request for channel measurement. Data 

traffic slots which are occupied by attacker can forcely retransmit by scrambled 

selectively. In this way they will get the less bandwidth than they granted. Scrambling is 

relatively difficult than the jamming to achieve because targeted user needs to decrypt the 

control bit information and then sending the noise on specific interval of time. The 

likelihood of occurrence is possible. Scrambling is more difficult to detect because of the 

periodic nature of the attack and the scrambling can be occur due to natural sources of 

noise. There is low impact of scrambling. Therefore the risk is minor in scrambling. 
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7.4 MAC Layer Threats 
 

 The MAC layer is connection oriented. There are two kinds of connections 

available which are as follows. 

 

1. Management Connections 

2. Data Transport Connections 

 

Further management connection can be categorized into three sub categories. 

 

1. Basic 

2. Primary  

3. Secondary 

 

A Basic connection is established for each mobile station when it joins the 

network. It is basically used for short and urgent management messages. The Primary 

connection is also created for each mobile station when the network begins but is used for 

tolerant the delay which produced from management messages. The third one is 

Secondary connection is used for Internet Protocol encapsulated with management 

messaged like DHCP and SNMP. 

 

 A concept behind the security association is that it captures the security 

parameters for connection, keys and encrypted algorithm. There is no security association 

in basic and primary connections. Although integrity of management messages can be 

secured. Whereas security association is present in secondary management connection. 

The security model can be seen in figure 28. At the entry of network during the 

authorization process the key and associations for security have developed between 

mobile station and a base station. The entities represented by rectangles. At the 

terminating point lines represent relations with cardinalities. There are three type of 

security association.  
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• Primary Security Association 

• Static Security Association 

• Dynamic Security Association 

 

Each security association has a single identifier which can be written as SAID. 

Some algorithm it contains like cryptographic identifier, Traffic Encryption Keys and 

Initialization Vectors. For each mobile station there is only one primary security 

association. 

 

 

Figure 28: Security Model [4]. 
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The primary security association is created when the mobile station is initialized. 

While primary security association have option to act as secondary management 

connection. This identifier shares between mobile station and its base station. During the 

initialization process Static security association is established by the base station. A 

mobile station may have an option for subscribing an additional service. There are many 

additional services available. Dynamic security association is established on the starting 

when new information bits are started to flow and they are destroyed when the flow of 

information is halted. In several mobile stations dynamic and static are shared during 

multicasting. 

 

 Major data entities are defined as X.509 certificate which purpose for 

authorization key, Key Encryption Key and Hashing for Message Authentication key 

purpose for the message authentication key. Before the certificate X.509 every mobile 

station is configured. It contains the public key of mobile station. This certificate is useful 

for mobile station to do authentication process with its base station. All other keys which 

mentioned above are created during the process of initialization. These keys must be 

refreshed periodic wise. The base station identified the authentication key and forwards 

this key to mobile station using encryption method with public key. There is sequence 

number from zero to fifteen for authentication key. For the transition with smoothness it 

requires two authentication key which can active simultaneously. The life span of 

authentication key ranges from one to seventy days while its default value is of 7 days. 

To identify the key encryption key and HMAC key the mobile station uses the 

authentication key. The sequence number of authentication key implicitly belongs to 

HMAC key. Key encryption key are useful for encrypting traffic encryption key during 

the transmission. The network entry of the mobile station consists of the following steps: 

 

• Downlink scanning and synchronization with a base station. 

• Available uplink channel discovery, downlink and uplink description 

acquisition. 

• Ranging. 

• Capability negotiation. 
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• Key establishment, Authentication, Authorization. 

• Registration. 

 

During scanning mobile station looks up for downlink signals by observing 

through the frequencies which are available. It basically does search sub frames for 

downlink. Whenever any channel gets found it gets the description for downlink and 

uplink. The mobile station receives the information in physical frame header about the 

downlink map and uplink map. From media access control management message we can 

obtain the downlink and uplink channel descriptors. To determine the power level 

required for communicating mobile station synchronizes it clock with base station during 

ranging. For process of ranging it is done in a special channel know as ranging interval 

which act based on multiple accesses. During ranging primary and basic connections are 

assigned. Supported algorithms for security are negotiated on the basic connection. In 

security terms for authentication and authorization can be X.509 certificate based, device 

list based or Extensible Authentication Protocol based.  

 

 Now we are going to examine the media access control layer threats with respect 

to confidentiality and authentication. A media access control layer PDU consists of a 

media access control header a payload and an optional Cyclic Redundancy Check. The 

payload consists of management messages of user traffic. There is a flag in a media 

access control header contains which determines that payload of the PDU is encrypted or 

not. Media access control management is transmitted without encryption of media access 

control header themselves. The format of payload can be seen in figure 29. 

 

 

 

 

 

 

 



 

Analysis of Fixed WiMAX and Mobile WiMAX 
 

67

Before the process of encryption each data packet is given a unique identity of a 

four byte packet number. There should be separate values be used to dedifferentiate 

between downlink and uplink. The 802.16e which is mobile WiMAX it uses Data 

Encryption Standard (DES) in the CBC mode or Advanced Encryption Standard (AES) in 

the CCM mode which useful for encryption the payload of media access control PDU. 

 

 

 

Figure 29: Payload format [4]. 

 

 

There was no Protection of integrity of 802.16 data traffic exist before the 802.16e 

standard. The 802.16e mobile WiMAX introduces mechanism which provides protection 

of integrity for data traffic. CBC media access control is helpful in protection of integrity 

in the payload of media access control data units. We can see the values for 

eavesdropping threat in the Table 3 in which first is for management messages and 

second one is for user traffic. One thing in security issue is that if management messages 

which not encrypted would easily provide important information to attacker. During the 

communication of passive listener it can be interrupted. Nothing is difficult technical 

issues for attacker to resolve it and gets the information. For using the eavesdropping of 

management messages it may result a big financial loss. It is not serious for the system 

but attacker can use the map of network. Hence it is very critical threat for users and 

major to the system. Eavesdropping of user traffic is said to be minor threat and there is 

no need for precautions.  
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 The applications in which authentication is used in WiMAX 802.16 are listed in 

Table 2. There is an authentication which base on device level. It is very helpful to detect 

the stolen devices and block their access to network. One of these authentications is 

based on X.509 certificate. This certificate is programmable by manufacturer and burns it 

into the device.  

 

Kind Mechanism 

Device Device list 

RSA/X.509 certificate 

User Level EAP+EAP-TLS(X.509) or EAP-

SIM(subscriber ID module) 

Data Traffic AES-CCM CVC-MAC 

Physical Layer Header None 

MAC Layer Header None 

Management Messages SHA-1 based MAC  

AES based MAC 

Table 2: Authentication in WiMAX/802.16 [4]. 

 

 

Whereas base station usually not authenticated by this certificate. The IEEE 

standard 802.16 defines the identity which can be verified or checked via the X.509 

certificate. The chances for Base station or Mobile station masquerading threat increase if 

there is any weak points exist in authentication. Some of these techniques are identity 

theft and rogue base station attack. Theft of identity is consists of reprogramming the 

device with different address of hardware of another machine. This problem is very 

common in unlicensed spectrum service like WiFi 802.11 standard but now it became 

under control in cellular networks to make it illegal act and it’s also very difficult to 

produce along with subscriber ID SIM cards. In case of CDMA phones the address can 

easily be interpret by decrypting the management messages over the air. The rogue Base 

station is a station of attacker that copies a genuine base station. The rogue base station 

made confuses a set of mobile station and trying to get its service through which it 
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becomes a legitimate base station. As we know that WiFi network is known as carrier 

senses multiple access so attacker first captures the access point identity then with the 

help of access point identity it builds the message point then wait until the medium 

becomes idle to send the messages. The attacker needs to transmit at the same time when 

base station is transmitting. The attacker theft the access point identity of a legitimate 

base station to builds a message with the help of that identity. Until time slot allocated 

starts to the base station attacker has to wait. As soon as receive signal strength in dbm 

higher than on of the legitimate base station then attacker must transmit the message. In 

this way mobile station on receiver side when it receive signal it reduces gain and decode 

the signal of attacker instead of base station as it has lower power than attacker signal 

strength. 

 

But it is very difficult to do in the broadband wireless access network which is 

WiMAX 802.16 as it contains time division multiple access model which creates 

difficulty for attacker.  

 To prevent from this a mutual authentication on the level of network has been 

introduced in WiMAX 802.16. The process of mutual authentication begins after 

scanning, ranging, acquisition of channel description and capability negotiation. It is 

based on Extensible Authentication Protocol. There are three options available for 

authentication process.  

 

• Device list   

• X.509 certificate 

• Extensible Authentication Protocol 

 

 If authentication based on device list is used then likelihood for masquerading 

attack in base station or mobile station is likely. Impact on the system can be high. 

Therefore the risk is high and there must be precautions. If X.509 certificate 

authentication is used then likelihood for masquerading of base station on the user is 

possible. While it is unlikely for a system. As the service would be suspended for long 

period of time therefore the impact is high. The impact for system is medium because 
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there is limited loss financially. About the risk in case of user it is critical and need to 

precautions. For system risk is minor and no need to precautions. 

 

 If authentication is based on Extensible Authentication Protocol then likelihood of 

masquerading attack in base station or mobile station is possible. The impact is the same 

as for X.509 certificate and risk is critical for user and major for the system. 

 

 Media access control management messages never authenticated and never 

encrypted. Some of the method use for encryption and authentication are, one is hashed 

message authentication code (HMAC) and second is one key message authentication 

code (OMAC). The mechanism of authentication for media access control layer 

management messages to be used is negotiated at entry of network. In earlier version of 

WiMAX 802.16 there is a limited authentication applicable on management messages 

and then it extended into later version of WiMAX 802.16e. The likelihood of the 

management message threat is likely and unlikely if there would be no authentication. 

hashed message authentication code or one key message authentication code is used 

respectively for management messages. In every case the impact can be high for that type 

if attack because it can affect the communication network. The risk is major in all cases. 

The modification of traffic is unlikely to occur if AES is used and it says likely 

otherwise. If AES not use then the attack will said to be major threat. Otherwise it is 

minor. [4] 
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Threat Algorithm Likelihood Impact Risk 

Jamming  3 1 3 

Scrambling  2 1 2 

Eavesdropping 

management 

messages 

 3:3 2:1 6:3 

Eavesdropping 

traffic 

DES-CBC, 

AES-CCM 

1 1 1 

Device list 3 3 9 

X.509 device Auth. 2:1 3:2 6:2 

 

BS or MS 

masquerading  2:2 3:2 6:4 

No MAC 3 3 9 

SHA-1 MAC 2 3 6 

Management 

message 

modification AES MAC 1 3 3 

Without AES 3 1 3 Data traffic 

modification With AES 1 1 1 

DoS on BS or MS EAP, SHA-1, AES 

MAC 

3:3 3:2 9:6 

Table 3: Analysis Summary [4]. 
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Chapter 8                  Countering Interference  
 

As gradually increasing the network in wireless systems there will be more 

subscribers working on the same frequency which may creates so much interference and 

the technology will become not fit this is major issue in communications. 

 

We can assume that this problem is of large amplitude on the use of unlicensed 

spectrum as several operators broadcast or transmit on the same unlicensed spectrum as it 

becomes cheaper. But such kind of problem does not exist in 802.16. Since 1927 

interference protection has always been at the core of federal regulators spectrum 

mission. The Radio act of 1927 empowered the Federal radio Commission to address 

interference concerns. This act primarily focused on three parameters. One is Location, 

other is Frequency and last is Power. [1] 

 

The Interference Protection Working Group of the Federal Communication 

Commission’s spectrum Policy Task Force recommends that FCC should analyze using 

the interference temperature metric to measures and control the interference. Interference 

Temperature is a measure of power of radio frequency which is available at the antenna 

of the receiver which delivered to a receiver. If we go precisely it is the temperature 

equivalent of the power for radio frequency available at a receiving antenna per unit 

bandwidth measured in units of degrees Kelvin. 

 

Interference temperature can be measured as the power in watts received by an 

antenna divided by the associated radio frequency bandwidth in hertz and a term known 

as Boltzman’s Constant (1.3807 watt second per Kelvin). Alternatively it can be 

calculated as the product of power flux density available at a receiving antenna (watts per 

meter squared) with the effective capture area of the antenna (meter squared) with this 

quantity divided by the associated radio frequency bandwidth (hertz) and Boltzman’s 

Constant. Interference temperature density can be calculated for particular frequencies 

using a reference antenna with known gain.  
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As illustrated in figure 30, interference temperature measurements can be taken at 

receiver locations. 

 

 

 

 

Figure 30: Interference Temperature illustrated [1]. 

 

 
Forms of Interference 
 
 Interference can be categorized into two major categories which are as follows. 

• Co-Channel Interference (CoCh) (internal) 

• Out-Of-Channel Interference (external) 

 

This type of interference can be seen in figure 31. In figure 31 there is a power 

spectrum of the desired signal and also observed CoCh interference. It’s interesting to 

note that channel bandwidth of the CoCh interferer can be wide or narrow than the 

bandwidth of desired signal. If the bandwidth of CoCh interfere is wider then only a 

part of its power will come within the bandwidth of receiver filter. In this case the 

interference we can calculated by measuring the power receiving at the receiver Rx 
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antenna and multiplying with a factor which is equal to the ratio of the filter’s 

bandwidth to the interferer’s bandwidth. 

 

 

 

Figure 31: Forms of Interference [1]. 

 

 

 An out of channel interferer we can see in the figure 31. Total level of 

interference can be determined by two sets of parameter. First a part of the sidelobes 

in the spectrum of the interferer or noise output from transmitter falls CoCh to the 

desire signal that is with in the passband of receiver filter. CoCh interference cannot 

be removed at the receiver side and its level calculated at the interfering transmitter. 

When we defined the power spectral density of sidelobes and output noise with 

respect to the main lobe of a signal then interference can be approximately calculated 

identically to the calculation of CoCh interference with an additional factor of 

attenuation due to the reduction of energy in spectrum with respect to interfering 

signal’s main lobe. Lobes of transmitter can be in more details in figure 32. 
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Figure 32: Main Lobe, Side lobe, Back lobe [1]. 

 

The receiver filter of the victim receiver cannot reduce completely interferer’s 

main lobe. There is no filter that is ideal and some power passes from stopband of the 

filter which may create additive to the CoCh interference present. From victim receiver 

which reject out of channel signal referred to as blocking performance which measures 

the level of the interference. This type of interference easily calculated in a similar 

manner as in the calculation of CoCh interference but with an additional factor of 

attenuation due to the cancellation of the stopband filter at the frequency where the signal 

is interfering. 
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8.1 External Sources of Interference 

 

 There are four major parameters which should be considered by network engineers 

to minimize the external sources of interference. 

 

• Channel / band / frequency 

• Distance to intended signal (closer is better) or Distance to the interference 

(farther is better). 

• Strength of Power (low is better) 

• Technology in Antenna. 

 

8.1.1 Changing Channels within the ISM or U-NII Bands 
  

 Frequency in WiMAX is range from 2GHz to 66GHz. In terms of profit 

calculation by the operators it would be wise to use low cost license spectrum and keep 

away from all kind of interference from other operators. Main purpose of using licensed 

spectrum is to prevent interference between two broadcasters during transmission. 

Federal Communication Commission has updated a new policy which defines that 

spectrum holders can sell their spare spectrum to other operators. The specification for 

industrial, scientific, medical and unlicensed national information infrastructure arrange 

multiple channels or frequencies. During transmission if interference is occurred in one 

channel frequency then operators is allowed to switch to another channel which is not 

being interfered.  

 

8.1.2 Dealing with Distance 
 

 Transmission of signal intelligently is function by the signal power and distance 

between the receiver and transmitter. In communication Link Budget is a major part 

which is the sum of all the loss and gain in communication system. The link budget 
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provides the power which required for transmitting the signal with a given signal to noise 

ratio to achieve a required target bit error rate. 

 In WiMAX wireless metropolitan area network if the source is at long distance 

then no interference will occur. In this way the interfering signal becomes too weak to 

create interference. Another thing is if the base station at longer distance from subscriber 

device then the signal becomes weaker over the distance and easily affected by 

interference since the interfering signal is greater than the desired signal. In figure 33 we 

can see the coverage area of each cell in base station. 

 

 

 

Figure 33: Coverage area of cell in BS [1]. 

 

 

8.1.3 Engineering with Power 
 Strength of power level should be considered in the primary and interfering 

signals. If the level of power for interfering signal is getting closer to the power level of 

the desire signal then surely interference will occur. Simplest solution is to increase the 

strength of power of desire signal in order to overlap with interfering signal. Only 

restriction is that operators must not interfere with licensed frequency channel subscribers 

on same channel. 
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8.2 Internal (CoCh) Sources of Interference 

 

Sometimes a in wireless network itself produce greatest interference. It is very 

challenging task to develop the wireless network with such property it has. Main source 

of interference includes multipath interference and channel noise. 

 

8.2.1 Multipath Distortion and Fade Margin 
  

Multipath is process when occurs signals emit from the transmitter travel along a 

different path and interfere destructively with signals transmitting on a line of sight path. 

This process is called fading. This happens because signals travel along different path and 

they becomes out of phase at the receiving antenna where they cancel each other. To 

overcome this problem is to increase the signal power of transmitting signal. Strong 

fading due to multipath may result signal suppression of more than 30db. It would be a 

challenging to design a wireless network which overcomes this problem.  

 

8.2.2 OFDM in Overcoming Interference 
  

Orthogonal Frequency Division Multiplexing is very helpful to overcome many 

problems regarding to interference in WiMAX 802.16. 

 

• Multipath Challenges 

In an Orthogonal Frequency Division Multiplexing based Wireless Metropolitan 

Area Network architecture distortion by multipath is a main challenge. When the 

transmitted signal energy reflects from the objects during traveling in an 

environment then distortion occurs at receiver. In figure 34 we can see the 

scenario of multipath interference. At the receiver reflected signal along multipath 

has been changed with respect to their phase, amplitude and time delays. There is 

a filter in the receiver which shapes the frequency domain of the received signal. 
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We can also say that the receiver detects frequencies of transmitted signal which 

attenuated and some have relative gain. 

 

On the receiver side it contains many copies of signal in the time domain but each 

signal have different time delay. If there is difference in time between two paths it often 

shows that different signals will mix or overlap with each other and it develops 

intersymbol interference. Hence architecture of wireless local area network building’s 

design always deals with error or distortion in the demodulator.  

 

 

 

Figure 34: Multipath reflections create intersymbol interference [1]. 

 
 

Orthogonal Frequency Division Multiplexing depends on several subcarriers of 

narrowband. Subcarriers located at attenuated frequencies by multipath will obtain signal 

of low power strength in multipath environment. The information bits transmitted on 

such subcarriers contain more error rate due to low power signal strength received.  
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Moreover the reliability and robustness of Orthogonal Frequency Division 

Multiplexing in multipath can be improved with the help of coding algorithms like error 

coding. We can see intersymbol interference in figure 35. 

 

 

 

Figure 35: Intersymbol Interference [1]. 

 

 

8.3 Handling ISI 

 

Smearing of one signal into the next or the time domain counterpart of the 

multipath is ISI. Orthogonal Frequency Division Multiplexing easily handles multipath 

distortion of this type by creating a guard interval with each signal. This guard interval is 

on periodically basis. We can say like it looks same as the original signal but introduces 

no new information. 

 As there is no new information so receiver ignores the guard interval and separate 

and decode the signals on subcarriers. If guard interval designed longer than any 

smearing due to the multipath then receiver directly eliminate interference symbol 

interference by reducing the wastage guard interval. Therefore interference symbol 

interference has been cancels out without adding any receiver complexity. 



 

Analysis of Fixed WiMAX and Mobile WiMAX 
 

81

 By discarding the guard interval may result noise performance due to the guard 

interval suppresses the energy contained by receiver for decoding of channel symbol.  In 

this case it reduces the data rate due to no any new information available in the guard 

interval. Therefore to make an optimize system it should contain short guard interval as 

possible and at the same time maintain the multipath performance.  
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Chapter 9     WiMAX Comparison with WiFi 
 

The technology used in both WiMAX and WiFi is same but the biggest difference 

comes in the coverage area. They are based upon IEEE standards 802 and both have a 

connection to wireless connectivity and the Internet but both are used at different 

applications. WiFi is widely used for indoor purposes and for short range .WiFi actually 

has been designed for LAN whereas WiMAX designed for MAN. Actually the wireless 

connections were available only on hot spots like airports, stations etc but now a days 

there is increase demand of wireless mobile connections at every place even they are 

traveling in bus along with  the same data rates as they find in their fixed desktop 

computer, to achieve such kind of demands WiMAX was introduced .WiMAX has same 

sort of setup like cellular network with smart antenna technology and efficient use of 

spectrum WiMAX has many advantages as compared to WiFi like WiMAX is robust, 

more security options, good quality of service. [5] 

 

9.1 Frequency Band Difference 

 

The original WiMAX standard, IEEE 802.16, specifies WiMAX in the 10 to 66 

GHz range. 802.16a added support for the 2 to 11 GHz range, of which most parts are 

already unlicensed internationally and only very few still require domestic licenses. There 

is a frequency band differences between two of them. WiMAX uses licensed spectrum 

whereas WiFi uses unlicensed spectrum.WiMAX can operate in licensed spectrum as 

well as unlicensed spectrum .Following spectrum band are particularly used. 

 

Licensed 2.5 GH Spectrum: Licensed spectrum of range 2.5 to 2.7 GH is used in USA 

Licensed 3.5 GH Spectrum: 3.4 to 3.7 range of spectrum is used throughout rest of the 

world especially in Europe and originally used for wireless local loop. 
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Unlicensed 3.5 GH: For fixed location wireless services an unlicensed spectrum of range 

3.65 to 3.7 is used in USA. 

Unlicensed 5GH Band: Another unlicensed spectrum ranging 5.150 to 5.350 and 5.470 

to 5.825 GH is also used in USA. [1] 

 

 

FUNCTION WiMAX(802.16) WiFi(802.11) 

Frequency Band(Licensed) 2 to 11 GHz None 

Frequency 

Band(Unlicensed) 

10 to 66 GHz 2.4 to 5 GHz 

 

Table 4 [1]. 

 

9.2 Working Comparison 

 

WiFi uses radio waves, just like cell phones, televisions and communication 

across a wireless network is mostly similar to full duplex radio communication. A 

computer's wireless adapter converts data into a radio signal and transmits it using an 

antenna. A wireless router receives the signal and decodes it. It sends the information to 

the Internet using a physical, wired Ethernet connection. The process also works vice 

versa with the router receiving information from the Internet, converting it into a radio 

signal and sending it to the computer's wireless adapter. 
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Figure 36: WiFi Network [8]. 

 

WiMAX works in the same way but at higher speeds over greater distances and 

numbers of users also increased. Mainly WiMAX consists of two parts: 

 

• A WiMAX tower, similar as used in a cell-phone tower - A single WiMAX tower 

can provide coverage to a very large area  

• A WiMAX receiver - The receiver and antenna could be a small box or PCMCIA 

card, or they could be built into a laptop like WiFi. 

 

A WiMAX tower station can connect directly to the Internet using a high-bandwidth, 

wired connection and It can also connect to another WiMAX tower using a LOS 

microwave link which is also called backhaul. 
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Figure 37: WiMAX Working [8]. 

 

 

 

9.3 Coverage Area and Mobility 

 RANGE MOBILITY 

WIMAX 50 km radius from BS <75-93mph 

WIFI Up to 30m <100 mph 

Table 5 [1]. 
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WiFi has a very limited range up to 30 m as compared to WiMAX which is up to 50 

km radius from base station however practical considerations limit it to about 10 km or 6 

miles any wireless node within the coverage area would be able to access the internet. the 

biggest challenge is the mobility and to provide low latency and low packet loss 

handovers of data streams while user is in moving situation from one access point to 

another access point is clearly a big task. 

The 802.16 MAC includes many features suitable for a broad range of applications at 

different mobility rates such as 

 

•  suppression of header, packing and fragmentation are very efficient method 

which are commonly used in spectrum 

• Support for Broadcasting and multi casting  

•  handovers with high speed and  management  of mobility with primitives 

• There are three management levels for power which are: sleep, idle 

            and normal operations. 

 

9.4 Reliability and Security 

 

 LOS/NLOS SECURITY 

WIFI NLOS WEP,SSID,MAC 

ADDRESS,EAP 

WIMAX NLOS 

 

LOS 

X.509,PKM,AES,VPN 

Table 6 [8]. 
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• WEP 

In 802.11 WEP(wired equivalent privacy) provides a level of authentication .WEP 

was designed to prevent casual eavesdropping, the objective was to provide same type of 

security level as in wired LAN. It can be implemented in hardware as well as in software 

allowing it to be very efficient. 

 

• SSID 

To increase privacy and security another method is use of SSID (service set 

identifier).use of SSID is intended to direct stations to the correct AP in cases where 

multiple Access points exist. It can be used to keep casual users from gaining access to 

your network 

 

• MAC address 

This technique involves the use of physical MAC address of client this is useful 

but it can also easily be breached. 

 

• WiMAX Security 

VPN can be very effective method for providing security. A basic principle in 

WiMAX networks is that each subscriber station must have a X.509 certificate that will 

uniquely identify the subscriber. The use of X.509 certificates makes it very difficult for 

any intruder to spoof the identity of authentic users, providing sufficient protection 

against theft of service. A basic flaw in the authentication method by using privacy and 

key management (PKM) protocol in WiMAX is the lack of base station (BS) or service 

provider authentication. This makes WiMAX networks disposed to man-in-the-middle 

scenario, exposing subscribers to various confidential information and availability 

attacks. The 802.16e alteration added support for the Extensible Authentication Protocol 

(EAP) to WiMAX networks. Support for EAP protocols is currently optional for service 

providers. There are plans to include AES (advanced encryption standard). 
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9.5 Modulation Techniques Comparison 

 

• 802.11b radio link uses a direct sequence spread spectrum technique called 

complementary code keying (CCK).it is modulated with QPSK (quadrature phase 

shift keying). 

• 802.11 a and g radio link use 64 channel orthogonal frequency division 

multiplexing(OFDM).the transmitter encodes the bit stream on the 64 sub carriers 

using binary phase shift keying(BPSK),quadrature phase shift keying(QPSK). 

 

WIMAX standards define three options for radio link. 

 

• SC-A:   Single Carrier Channel 

• OFDM:   256 sub carrier orthogonal frequency division multiplexing 

• OFDM-A:   2048 sub carrier orthogonal frequency division multiplexing 

 

9.6 Data rates and latency difference 

 

 BANDWIDTH LATENCY MAX BIT RATES 

WIMAX 70 mbps at 14 MHz 25-40 ms 100 mbps 

WIFI 54 mbps at 20 MHz 50 ms 54 mbps 

Table 7 [8]. 
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One of the main difference between WiMAX and WiFi is the difference between 

the  data rates WiMAX has more data rates maximum up to 100 mbps as compared to 

WiFi which is 54 mpbs. The WiMAX configurations have improved many deficiencies of 

the WiFi standard by providing increased bandwidth and data rates. 

 

9.7 Forward error correction in WiMAX and WiFi 

FEC coding increase the transmission rates which improves the performance 

.802.11 a and g include convolution coding FEC while WIMAX use both convolutional 

coding and reed-Solomon FEC system. 

 

9.8 WiMAX versus WiFi efficiency 

WiFi (802.11b) gives bandwidth efficiency between 0.04 and 0.44bps/hertz and 

802.11 a and g gives bandwidth efficiency between 0.24 and 2.7bps/hertz on 20 MHz 

channel. WiMAX earns bandwidth efficiency up to 5 bits/hertz which would deliver 

100mbps transmission rates on a 20 MHz radio channel. 

 

 

 802.16 802.16a 802.16e 

spectrum 10-66 GHz 2-11 GHz  <6GHz 

configuration LOS NLOS NLOS 

Bit rate 32 to 134mbps 

(28MHz channel) 

<70 or 100 mpbs 

20MHz channel) 

Up to 15 mpbs 
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modulation QPSK 16-QAM 

64-QAM 

256 sub carrier 

OFDM using  

QPSK,16-QAM, 

 64 QAM,256-QAM

Same as 802.16a 

mobility Fixed Fixed <75 mph 

Channel bandwidth 20,25,28 MHz 1.25 to 20 MHz 5 MHz 

Cell radius 1-3 miles 3-5 miles 1-3 miles 

Table 8 Summary of 802.16 Radio Links [8]. 

 

 
 
 
 
 WIMAX 

802.16a 

WIFI 

802.11b 

WIFI 

802.11a / g 

APPLICATION BROADBAND 

WLAN 

WLAN WLAN 

FREQUENCY 

BAND 

LICE/UNLICENSED

2 to 11 GHZ 

2.4 GHZ ISM 2.4 GHZ ISM 

5 GHZ 

CHANNEL 

BANDWIDTH 

1.25 TO 20 MHZ 25 MHZ 20 MHZ 

DUPLEX FULL HALF HALF 

MODULATION BPSK,QPSK 

16,64,256 QAM 

QPSK BPSK,QPSK 

16,64 QAM 
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FEC CONVOLUTION 

CODE,REED-

SOLOMON 

NONE CONVOLUTION 

CODE 

ENCRYPTION 3DES,AES RC4 RC4 

AP REQUEST/GRANT CSMA/CA CSMA/CA 

MOBILITY MOBILE WIMAX MOBILE WITH 

SHORT RANGE 

MOBILE WITH 

SHORT RANGE 

Table 9 Comparison of WiMAX and WiFi Technologies [1]. 
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Chapter 10                Cost Analysis of WiMAX 

 

The cost of developing and operating a broadband network can be divided into 

two parts 

 

• Capital Expenditures 

• Operational Expenditures 

 

Capital expense include investment in equipment and the design and execution of 

the whole network like site acquisition civil works, power, antenna system and 

transmission .the equipment which is used in network includes base stations, radio 

controllers. The main components of capital expense are 

 

• base stations 

• site preparing 

• service platforms 

• spectrum 

 

OPEX is made up of three different types of costs 

 

• customer driven (cost to obtain customers, subsidies, dealers commission) 

• revenue driven (service development, sales promotion, marketing staff) 

• network driven (transmission, site rentals, operation and maintenance) 

 

OPEX includes operations, administrations, maintenance and provisioning costs (OAMP) 

 

• Operations: operations include the working of supporting systems as well as crew 

and training required to install and maintain the network elements 
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• Administrations: it arranges the level of service when the equipment has been 

installed 

• Maintenance: it includes quality of service should be maintained and also locating 

and clearance of faults 

• Provisioning: to make the service available by installing and setting up the 

network infrastructure. 

 

OPEX is the vital factor but it is estimated that overall OPEX expenditures are 25 to 28 

% of the total costs .main components of OPEX are 

 

• site leases 

• backhaul 

• network maintenance 

• customer acquisition 

 

A fixed wireless access network diagram is shown in the figure below here the 

method is to use the same head-end architecture and fiber network costs then by replacing 

the cost relative to the coaxial networks by the base station and CPE (customer premises 

equipment e.g. DSL modems or cable modems. 
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Figure 38: Fixed Wireless Access Network [5]. 

 

 

 

10.1 Cost of Main Components 
 

The technology is still new it is very difficult to estimate the real cost the 

following cost figures are assumed on the basis of successful WiMAX technology 

deployment 

 

Base station 80000 $ 

Sector antenna 6000 $ 

Total base station 86000 $ 

Total bandwidth 320mbps 

Table 10: Cost Analysis of Main Components [5]. 
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10.1.1 Cost of BWA (Broadband Wireless Access)/WiMAX Licenses 
 

In the North American and ASIA regions, the total amounts paid by license 

owners were $421 million and $306 million, respectively. European license authorities 

totally paid amount of a $268 million, while CALA (Caribbean and Latin American) paid 

$77 million. The figure below shows the regional costs of WiMAX licenses. [8] 

 

 

Figure 39: Regional Cost of WiMAX [8]. 
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Chapter 11   Elements in WiMAX Network         
 

• CPE basically refers to telephones, DSL modems or cable modems, or purchased 

set-top boxes to communicate with service providers. 

• Backhaul, in telecommunications, refers to transporting traffic between 

distributed sites (access points) and central main networks  

• Base Transceiver Station (BTS) is the equipment which establishes the wireless 

communication between user equipments and the network. User equipments are 

devices like mobile phones (handsets), WLL phones, computers with wireless 

internet connectivity, WiFi (wireless adapters) and WiMAX chipset card. The 

network could be of any wireless communication technologies like GSM, CDMA, 

WLL, WAN, WiMAX, WiFi.BTS is also known as RBS (Radio Base Station), or 

just BS (Base Station). 

• Date and network management refers to administration and maintenance of 

telecommunication networks at large scale 

 

Major elements of WiMax network

Fixed

Portable

Mobile

NOC /
Data 
Center

Base
Station

InternetInternet

Backbone
•Fiber
•Microwave

PSTNPSTN

Via 
Gateway

Router

Customer Premises Equipment (CPE)
Base Station (BTS)

Backhaul
Data and Network Management

Customer Premises Equipment (CPE)
Base Station (BTS)

Backhaul
Data and Network Management

CPE

 

Figure 40 [9]. 
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11.1 Coverage Analysis 
 

Following are the factors which determines the coverage of the network 

 

RF signal propagation                              Receiver Sensitivity 

CPE Location                                           Base Station Transmit Power 

System Balance                                        Fade Margin 

CPE Transmit Power                                Building Attenuation 

Antenna Gain                                            Data Rate 

 

11.2 RF Signal Propagation 
 

Within any communication systems the signal that is received will be different 

from the signal that is transmitted due to various impairments in transmission such as 

reflection, diffraction, absorption and scattering .these things effect the overall  coverage 

of the network  

 

 

RF Signal Propagation  

Scattering

Diffraction
Absorption

Reflection
Direct

1

2
3

4

5
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Figure 40: Signal Propagation [9]. 

 

 

11.3 Antenna Gain 
 

Antenna Gain is a measure of the directionality of an antenna .Antenna gain is 

defined as the power output in a selective direction compared to that produced by a 

perfect omni directional antenna in any direction. It is important to note that power gain 

does not refer to obtain more output power than input power but rather to directionality. It 

is measured in db unit. 

 

11.4 Transmit and receive power 
 

The received power must be adequate above the background noise for efficient 

communication which dictates the required transmitted power. As the mobile unit moves 

away from the transmitter, the power which is being received starts to decrease ,other 

factors like reflection ,refraction, scattering keep on changing the received power levels 

over short distances, this is because the power level is the sum from signals which are 

coming from  different paths and the phases of those paths are coming randomly 

sometimes adding and sometimes subtracting. At the same time it is desirable to 

minimize the power in the transmitted signal from the mobile to reduce co-channel 

interference. 

 

The amount by which a received signal level may be reduced without causing 

performance of the system to drop below a particular threshold value is called Fade 

Margin.The sensitivity of any electronic device for example receiver is defined as  the 

minimum magnitude of input signal needed to produce a specified output signal having a 

specific SNR  or any other specified criteria. 
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11.5 Requirement for BTS 
 

11.5.1  Coverage 
 

• Example 1  

– For the coverage of 8 Sq Km Urban Area  

– Coverage area per BTS (Urban Area)- 2 Sq Km 

– 4 BTS required 

• Example 2  

– For the coverage of 125 Sq km Rural Area  

– Coverage area per BTS (Rural Area)- 25 Sq km 

– 5 BTS required 

 

Number of BTS required for the depends upon coverage of Area but also type of  

Clutter and Terrain to be covered  

  

11.5.2  Capacity  
 

• Example  

– 8 Sq Km Urban Area – at 2 Sq Km per BTS, need 4 BTS for Coverage 

– Number of potential subscribers 40,000  

– 10% Penetration rate or 4000 actual Subs 

– Data Rate per Sub- 1 Mbps 

– Oversubscription- 20 

– Average Data rate per Sub- 50 Kbps 

– Number of actual Subs- 4000 

– Average Data rate to be supported- 200 Mbps 

– Average Data Rate supported per BTS- 40 Mbps 

– Need 5 BTS 

Capacity Driven, need 5 BTS for Capacity- but only 4 for coverage 
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11.5.3  Data Rate 
 

• Example (by increasing the data rate up to 2mbps required more bts) 

– Increase Data Rate per Sub- 2 Mbps 

– Previous Data Rate per Sub- 1 Mbps, Needed 5 BTS for Capacity, 4 for 

Coverage 

– Oversubscription- 20 

– Average Data rate per Sub- 100 Kbps 

– Number of actual Subs- 4000 

– Average Data rate to be supported- 400 Mbps 

– Average Data Rate supported per BTS- 40 Mbps 

– Need 10 BTS 

 

Capacity driven, doubling data rate doubles the number of BTS required from 5 to 10. [9] 
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Figure 41 [9]  
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Chapter 12                                Mobile WiMAX                
 

Mobile WiMAX (802.16e) has allowed users to access high speed internet access 

anywhere and anytime, it also provides true mobility .Users that are moving at the speed 

of 75mph can get data and other multimedia support without any problem. Subscribers 

who are accustomed to the cellular environment will be able to get  data services with a 

speed comparable to that of wired communications .mobile WiMAX technology will be 

able to address the most users needs ,now a days wired high speed internet access provide 

high data rates but the problem is mobility and the same is the case with wireless internet 

access which has very limited range and very slow transfer rates .WiMAX provides high 

broadband internet access at high transfer rates and meeting the demands of various 

users. mobile WiMAX can be applied to various fields other than mobile 

communications .mobile WiMAX can be applied to those areas where wired 

infrastructure cannot be reached .WiMAX provide high speed internet regardless of the 

location. Mobile WiMAX services are cost effective solution as compared to 3G 

technologies 

 

 

 

Figure 42 Mobile WiMAX versus Other Technologies [7] 
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Mobile WiMAX operates in 2 to 6 GHz range which is mainly licensed bands. Mobile 

WiMAX will be the most famous technology in the coming years .the figure below 

shows the mobile subscribers in the coming years, it has been predicted that up till 2010 

WiMAX industry  

 

 

 

 

Figure 43: WiMAX Subscribers by Region [7]. 

 

12.1 Mobile WiMAX based on OFDMA 
 

Mobile WiMAX is based on the modulation technique which is called 

OFDMA(orthogonal frequency division multiplexing access).OFDMA has very 

advantages in throughput, spectral efficiency, latency  and advanced antenna support 

which make it a better technology first of all we shall discuss about the basics and 

principles of this technique in details 

 

This modulation technique has been engaged in data providing systems over the 

phone lines and digital radio and wireless networking systems. in frequency division 

multiplexing (FDM) there are multiple sub carriers within the same single channel so the 

total data rate  is divided between sub carriers in the channel ,if the FDM system is using 

a set of sub carriers that are orthogonal to each other ,an improved level of spectral 
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efficiency can be accomplished, the use of orthogonal sub carriers would allow the sub 

carrier’s spectra to overlap thus increasing the spectral efficiency .if zero is the dot 

product of two deterministic signals then these signals are said to be orthogonal to each 

other. if two random process are uncorrelated then they can also be called orthogonal, the 

figure shows  a simple representation of an OFDM system. Each sub carrier carries one 

bit of information (N bits total) by its presence or absence in the output spectrum. The 

frequency of each sub carrier is picked to produce an orthogonal signal set, and these 

frequencies are known at the receiver. It is essential to understand that the output is 

updated at a periodic interval T that forms the period of symbol as well as boundary time 

for orthogonality. 

 

 

Figure 44: A Simple OFDM Example [7]. 

 

 

OFDM is tolerant of multi path interference, a high peak data rate can be achieved 

by using higher order modulations such as 16 QAM and 64 QAM which improves the 

spectral efficiency of the system.OFDMA is the multi user adaptation of OFDM 

modulation technique, multiple accesses is gained by assigning subsets of sub carriers to 

individual users which allows simultaneous low data rate transmission from several users. 

In order to get differentiated QOS different number of sub carriers can be appointed to 

different users OFDMA is analogous to CDMA(code division multiple access) in CDMA 

the method is by assigning different number of spreading codes to each user where users 
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can have different data rate however OFDMA can also defined as blend of frequency 

domain and time domain multiple access . 

 

OFDMA is considered to be used in most of the next generation radio access. 

OFDMA gives better performance in NLOS environment ,total bandwidth is divided into 

sub-channels and each of these channels consists of several sub carriers and allotted to 

the subscriber who has the best channel quality on that sub channel .the base stations 

executes the frequency and time domain scheduling and dynamically allocates sub-

channels to the users. OFDMA raises the average channel quality between mobile 

terminals and base stations, this technique has been utilized by mobile WiMAX 

(802.16e).In OFDMA sub channelization enables the concentration of transmit power 

over a reduced number of sub carriers which results in increased link margins leading to 

improved range and coverage. 

 

To cover mobile applications the IEEE 802.16e-2005 alteration was developed to 

extend the 802.16 Air Interface. OFDMA was chosen to provide the flexibility to deal 

with different usage scenarios and challenges which were associated with it for mobile 

users in a NLOS environment. This standard provide three sub channel allocation 

alternatives which can be selected on the assumption of usage scenario 

 

• Sub carriers can be dispersed throughout the frequency channel range. This is 

mentioned as fully used sub-channelization or FUSC. 

• Several dispersed clusters of sub carriers can be used to form a sub channel. This 

is mentioned as partially used sub-channelization or PUSC. 

• Sub channels can be comprised of contiguous groups of sub carriers. This is 

mentioned as adaptive modulation and coding or AMC. 

 

 

In  FUSC and PUSC, sub channels are allotted with sub carriers in a pseudorandom 

way, the sub carriers for a described sub channel in a specific cell will be different from 

sub carriers for that same sub channel in another cell (for example the sub carriers in sub 
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channel 1 in cell 1 will be different than the sub carriers in sub channel 1 in cell 2).This 

pseudorandom calculation of permutations give an interference averaging follow through 

further minimizing the bad effects of cell to cell interference. In general, FUSC and 

PUSC are the best alternatives for mobile applications, whereas AMC is well suited for 

stationary, portable, and low mobile applications. 

 

S-OFDMA (Scalable orthogonal frequency division multiple access) is a flavor of the 

OFDM which is a technique for transmitting a large amount of digital data over a radio 

wave. It provides the ability to adjust OFDMA in accordance with bandwidth of the 

channel being used. [6]- [7] 

 

 

 

Figure 45: OFDMA Example [7]. 
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Chapter 13    802.16 Applications and Services  
 

Due to high throughput, low latency and QOS functionality and support for 

mobile access of WiMAX will promote the new devices in market .following mobile 

devices expected to have WiMAX interface 

 

• date centric devices like notebooks, PDAs, Ultra mobile PCs 

• CE DEVICES like games consoles,MP3 players 

• voice and data devices like cellular phones and smart phones 

• vertical application devices like CCTV cameras, in-vehicles devices 

 

Most notebooks and handsets would have built in WiFi and WiMAX chipset which 

allow users to connect the network at any time at high data rates even they are going in a 

car and bus. Lets take a look at the key applications of WiMAX. 

 

 

13.1 Internet Access 
 

DSL and cable overrule the current market today but it is widely forecasted that 

WIMAX will be initially utilized as a distribution method for high end enterprises 

delivering digital subscriber line (DSL) and services like cable modem over a wireless 

medium facility .WiMAX will distribute broadband wireless internet services. 
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Figure 46: Delivering broadband services over WIMAX [10]. 

 

 

13.2 Local Loop Alternative 
 

Instead of using copper local loop any company can reduce its costs of doing 

business further by moving to a voice over internet protocol service provider and 

WiMAX. Rather using wired network its replacement with wireless is much better option 

.It is also very easy to maintain WLL because there will be no network of wires and the 

company will have to hire less number of engineers and technicians for the maintenance 

of the whole network, extra expenditures will be reduced. 

 

 

Figure 47: Wireless Local Loop [10]. 
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13.3 WiFi Backhaul 
 

Hotspots continue to be set up on worldwide basis at a very fast rate, for every 

hotspot there is a DSL or then dedicated broadband medium which is used to backhaul 

the hotspot traffic from the wireless access point to the telephone company central office 

for connection to the internet. WiMAX not only serves brightly as a backhaul solution 

but also the WiMAX base station can be used  as a connectivity point for the demanding 

number of WIMAX built in  devices like laptops PDAs.  

 

 

  

Figure 48: WiFi Backhaul [10]. 

 

 

13.4 Cellular Backhaul 
Most backhaul for cell towers is through either a dedicated T1 medium or it could 

be a microwave hop, by establishing WiMAX as a substitute wireless carriers can 

experience number of advantages such as reducing OPEX (operational expenses) by not 

giving the monthly rent fees for fixed line service and they will also get the benefits of 

new technology in their network that will support broadband roaming. 
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Figure 49: Cellular backhaul using traditional Microwave [7]. 

 

 

13.5  WIMAX IPTV 
Many telecommunication opinions say about where TV (video), voice and data 

will be provided from one service provider on one service medium and on one monthly 

combined bill. IPTV (internet protocol television) is a video technology that challenges 

with cable and broadcast television. Broadband internet access and IP based television 

entertainment and programming is a wide streaming method that includes several 

applications all of which can be experimented on WiMAX  

 

With WiMAX IPTV operators can offer facilities like of voice video and data to 

their subscribers in a single platform .customers receive these combined services on a 

single platform and communicate with a single service provider for their all 

communications requirements which will also result in better and easy handling of 

technical maintenance, streamlined billing. Interactive IPTV will also allow different 

viewers to create customized profiles themselves which is based on their own personal 

watching habits. 
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13.5.1  How it Works 
 

Key technical components of the IPTV service providers are the following 

 

• Content and Programming 

The IPTV service provider acquires material directly from programming 

distributors and broadcasters and facilitates it into its encoding programmed. 

 

• Encoding 

The IPTV service provider encodes the video into MPEG-2(motion picture 

experts group) transport streams at a fixed bit rate to make sure high quality 

broadcasting. 

 

• IP Streaming 

The MPEG-2 transport streams are encapsulated in UDP/IP and sent as individual 

multicast streams to the satellite UL. 

 

The IPTV service provider in a secure digital video broadcasting (DVB) format 

uplinks the IP multicast streams to the satellite of IPTV service provider, the service 

provider can then deliver the video streams as local IP. 

 

13.6  VOIP 
VoIP is believed to be one of the most popular WiMAX applications. WIMAX is 

not been designed for cellular technologies like CDMA and WCDMA it will give full 

support to VOIP traffic .WIMAX will not challenge mobile operators which are 

delivering a cost effective voice services which is giving many revenues to them 

WiMAX cannot replace them but any mobile operator can run its voice traffic to 

WiMAX network due to capacity constraints. 
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13.6.1  Broadband Services in Rural Areas 
Rural broadband is generally said to be more costly than urban broadband areas 

because of many reasons like economy of scale, distance and remote area WiMAX offers 

an effective, conclusive solution for this by providing  broadband wireless services to the 

last mile. WiMAX can help to those areas which are not served by cable 

 

Virtual Private LAN services: 

VPLS is a type of  VPN (virtual private network) which connect multiple sites in 

a single bridged network over a provider operational network, from the subscriber point 

of view it appears that all sites are connected to some private LAN. WiMAX technology 

because of its QOS and security gives a brilliant network solution for VPN. 

 

Video-on-Demand (VoD): 

WiMAX is such type of a technology which try to complete the demands of 

customers, to the subscribers WiMAX can get into at low cost and can provide services 

like videos on demand related to learning and training . 

 

Automatic Teller Machines: 

The banks can fix low cost ATMs in rural and suburban areas. WiMAX may 

provide ATMs services to bank clients in suburban or rural areas which gives support to 

clients and more business to banks. 

 

Vehicular data and voice: 

WiMAX may be an innovation for fleet owner’s logistic providers or logistic 

brokers as with the help of that they can find the exact location of their vehicles, their 

capacity of carriage and amount of loading on real time basis 

 

Online Gaming: 

WiMAX will be the media to deliver online gaming to rural and urban people at 

home or when they are in motion. 

 



 

Analysis of Fixed WiMAX and Mobile WiMAX 
 

113

Security and Surveillance Applications: 

It is really big effort to install video surveillance to those areas which are very 

remote, very expensive and are impossible to reach physically with cabling network. 

Now day’s shopping centers, different institutions, military bases demand security and 

video surveillance. Due to WIMAX unlimited numbers of cameras can be deployed 

quickly, easily and cost effectively in any new or old security systems. High quality live 

video from each security camera is transmitted directly to WiMAX base station in 

regional security centre. 

 
Multimedia Communication: 

IP based broadband wireless technology can deliver multimedia communication 

,information and entertainment that customers are demanding and which can be easily 

accessed at any place and any time e.g. video chat and video conferencing 

 
Sensor Networks: 

Small devices which can be installed in many places to provide readings on 

temperature, air quality and other factors, by adding a wireless chipset with mesh 

networking software these devices become network alert. By installing these sensors 

enabled mesh devices in many locations will be much better option than manually getting 

data from the sensors or by using network cabling to connect to the sensors 

 
Telemetric and Telemetry: 

The combination of telecommunications and computing is anticipated to be the 

next constructive area in automotive electronics. The use of automotive telemetric in ‘e-

vehicles’ can provide audio email, web browsing, DVD. Digital TV and radio as well as 

guidance of routes and information like traffic avoidance 
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Improved Quality of life: 

WiMAX will facilitate an improved version of living in the form of 

telecommuting, lower real estate prices and advanced family lives.The future for better 

living with telecommunication largely because of its pervasive availability of broadband. 

                 

Other applications 

 

• Remote guidance and monitoring of patients by providing continued information and 

quick response in the event of patient crisis 

• Mobile transmission of maps, floor layouts and architectural drawings to assist fire 

fighters and rescue workers in emergency situations 

• Real time monitoring, alerting and control in situations which includes controlling of 

difficult things. 

• Wireless transmission of fingerprints, photographs, warrants and other images can be 

provided immediately to law enforcement group. 

 

13.7 WiMAX Strengths 
 

WiMAX strategies are different but they are based on following WiMAX strengths 

 

• Superior Performance: Due to OFDMA multiplexing which gives WiMAX in 

providing better performance in delivering IP data services as compared to 3G 

technologies. 

• Flexibility: It allows internet service providers to carry multiple kinds of 

technologies which comprised of fixed and mobile access, over the same WiMAX 

network and to function their networks in multiple spectrum bands.  

• Advanced IP-based architecture: Which includes IMS (IP Multimedia Subsystem) 

deliver to carry rapid, low cost, turning up of new applications and of 

interworking with 3G and other technologies?  
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• Attractive economics: One of the main strength of WiMAX is cost effective 

infrastructure and provide low costs advantages to customers. 

 

 

13.8 Economic Advantage of WIMAX 
 

Wireless technologies provide a cost effective solution for service providers .these 

technologies do not need private or public property to give services to the customer .there 

are buildings where fiber optic cannot be reached because one cannot dugout through 

another property and running the cable but with the help of WiMAX and other affiliated 

technologies it is possible to merely beam the data flow to that building .this solution is 

for SOHO(small office/home office) market where fiber optic and other higher 

bandwidth services are not available. WiMAX provides more a feasible business case 

with broader profit regions because of low cost and flexibility. The installation of 

WiMAX will notably improve the economics of network equipment. Major companies 

like Intel, Motorola, Fujitsu, Siemens and Alcatel are already dedicated to develop such 

equipment on the basis of these standards. WiMAX chipset in laptops and other mobile 

devices are available now. [5] 
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Chapter 14                             WiMAX Products  
 

14.1 WiMAX Radios and Antennas 
 

A radio is a device which consists of both transmitter and receiver it produces 

oscillations in electric current which are called carrier frequency in WiMAX it is 

normally between 2 to 11 GHZ .a radio is just like a router which is run and operated by a 

software .radio includes circuits boards containing complex chip sets. WiMAX 

architecture is very simple consists of radio and antenna .many WiMAX products offer 

radios separate from antenna .the antenna is connected to WiMAX radio via a cable 

which is called PIGTAIL. 

 

 

                                                        
WiMAX radio                                                         different types of WiMAX antennas 

Figure 50  [9]. 
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14.2 Macro and Micro Base Station  
 

The macro base station comprised of network and radio modules, power supply 

and power feeding modules, macro base station are used when coverage is provided up to 

large areas while micro base stations are applicable for low density and rural areas .it 

consist of a stand-alone unit. These base stations provide effective WIMAX solution to 

the service providers in their network installation. 

 

                                         
Macro base station                                                  Micro base station 

Figure 51 [9]. 

 

14.3 WiMAX CPE 
 

There are two main types of customer premises equipment one is indoor CPE and 

other is outdoor CPE, these both types support many features like  

 

• Self install and outdoor for extended coverage 

• Integrated smart card 

• Dual mode FDD/TDD software defined ratio 

• Data, voice, WiFi, and E1/T1 interfaces 

• Full indoor NLOS deployment 

• For urban suburban and rural deployment scenarios  

• Multiple antenna options 

• Support for fixed and nomadic applications 

• Dynamic resource allocation protocol for quality voice services 

• 10 Mbps net throughput per CPE  
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• SNMP management [8] 

 

CPE includes following equipment 

Broadband data IDU 

It is the basic CPE unit which provides wireless connectivity; it connects 

subscriber or network with standard Ethernet interface 

 

Networking gateway IDU 

It includes advanced broadband integrated router with extensive IP sharing and 

security capabilities, it is a very good solution for both home and small business users 

 
CPE ODU 

CPE ODU contains the modern, radio, integral or external high gain flat antenna 

 

Voice gateway IDU 

It provides integrated voice and data services  

 

                                                                  
 

Broadband data IDU                                                  Networking gateway IDU 

                                     
 

Voice gateway IDU                                       CPE ODU 

Figure 52 [8]. 
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Chapter 15                                        Conclusion 
 

Wireless service providers and equipment manufacturers are trying to sort out the 

future of mobile broadband data and some are suggesting that the right combination of 

WiMAX, WiFi, and 3G will be more successful, some people also stated that they will 

converge in future 4G system still many years to come for that, at the moment and near 

future we shall see new technologies around us but they are not going to replace current 

cellular network. both 3G and mobile broadband wireless technologies have been 

designed to provide high speed services at the move but both have different technical 

foundations although some mobile operators are adding mobile WiMAX technology in 

their setup but they are very few in numbers.  

 

We think cellular operators will keep doing what they are doing at the moment by 

providing voice services on small device (mobile phones) WiMAX will just replace 

wired broadband network thus giving wireless broadband services on the move, in future 

there could be convergence which will provide data and voice services on one platform. 

Another point I would like to mention that cost of installing WiMAX network is much 

lower than 3G network so this advantage can give mobile operators a chance to provide 

cost effective voice and date service packages to their subscribers. 
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