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Abstract— The wireless communication market has 

experienced tremendous growth, and therefore this growth is 

likely to continue, Worldwide interoperability for Microwave 

Access (WiMAX) is currently one of the hottest technologies 

for broadband wireless access (BWA) systems in metropolitan 

areas by providing an exciting addition to the current 

broadband techniques for the last mile access. This technology 

proposes a wireless high speed and high performance access 

system, with service differentiation for distinct classes of traffic 

and Quality of Service (QoS) requirements. IEEE 802.16 

standard specifies the Physical Layer (PHY) and Media Access 

Control (MAC) layers for BWA system and provides the 

flexibility of Time Division Duplex (TDD) and Frequency 

Division Duplex (FDD) allocation schemes, However the 

standard IEEE 802.16 does not define how to efficiently 

schedule different types of traffic to guarantee to meet their 

specific requirements. In this paper, a scheduling algorithm is 

presented, using time division multiple access (TDMA) and 

orthogonal frequency division multiple access (OFDMA) 

techniques, based on a reservation priority access control. A 

analytical models are presented and evaluated by using a 

MATLAB simulator under different scenarios of traffic types 

for both balanced and unbalanced traffic conditions. It is 

observed that the OFDMA technique gives superior results, as 

predicted, if compared with the TDMA technique, with respect 
to message waiting-time for each class of service. 

Keywords—IEEE802.16, Quality of Service, Average Waiting 

Time, OFDMA 

I. INTRODUCTION  

The drastic increase in demand for higher speed of 

internet access for residential and business customers has 

established a demand for “last mile” broadband access. 

However, providing “last mile” broadband access using 

either fibre or coaxial cable might be very expensive, 

particularly in developing countries. A suitable solution is 

recently introduced to support almost similar for broadband 

services through Broadband Wireless Access (BWA) 
.Broadband is defined as a transmission facility where 

bandwidth is wide enough to accommodate multiple voice, 

video or data channels simultaneously. BWA has a 

capability for providing high speed network access to a 

broad geographic area with rapid flexible deployment at low 

cost. Other advantages of BWA are high scalability, lower 

maintenance and upgrade costs [1]. 

The IEEE 802.16 standard was developed to produce 

high performance BWA systems. The standard specifies a 

Wireless Metropolitan Area Network (MAN) air interface 

for fixed point to multipoint BWA systems at the beginning 

of last decade. After that, the latest versions of the standard 

serve the customers with the required mobility. 

This paper presents a proposal for a MAC reservation 

scheme with a traffic scheduling mechanism based upon 

priority rules, for use in BWA systems and which can be 

easily implemented as part of the IEEE 802.16 standard to 

support aggregate level and relative QoS. The access control 

scheme utilizes TDMA and OFDMA periods in order to 
identify users' demands for transmissions across the 

channel. Those reservation periods are then followed by 

transmission intervals, during identified and reserved 

terminals are able to send their data in accordance with 

priorities rules devised to satisfy the relative QoS for 

different types of traffic applications [2]. 

 

II. IEEE 802.16 STANDARD FAMILY 

The IEEE 802.16 group was founded in 1998 to improve 

an air-interface standard for wireless broadband techniques. 

The group’s initial concentration was the enhancement of a 
line of sight (LOS)-based point-to-multipoint wireless 

broadband system in the range form 10GHz–66GHz 

millimeter wave band. An original IEEE 802.16 standard 

was completed in December 2001, and was dependent on a 

single-carrier physical (PHY) layer with a burst time 

division multiplexed (TDM) MAC layer . 

The WiMAX scope currently includes IEEE 802.16-2004 

and IEEE 802.16e. IEEE 802.16-2004 deploying 

Orthogonal Frequency Division Multiplexing (OFDM) to 

provide services for multiple users at a given time period 

division fashion in a type of a round-robin technique, 

whereas it was done extremely quickly so that users have 
the thought that they are always transmitting/receiving. 

IEEE 802.16e deploys Orthogonal Frequency Division 

Multiple Access (OFDMA) and has an ability to 

simultaneously serve multiple users by allocating sets of 

tones to each user [3]. 

 

A. Wireless Network Topologies  

 There are fundamentally three means for presenting 
network configurations which are as follows. 

1) Point To Point Bridge.  
As known, a bridge is used to connect two networks. A 

point-to-point bridge interconnects two buildings having 

different networks. For example, a wireless LAN bridge can 

interface with an Ethernet network directly to a particular 

access point as shown in fig.1 [3].    
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               Fig 1: Point –to-point bridge 

 

2) Point To Multi-point Bridge.  
This topology is used to connect three or more LANs that 

may be located on different floors in a building or across 

buildings as shown in fig.2. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig 2 : Point –to-multipoint bridge 

3) Mesh and Ad Hoc Network . 
 This network is an independent local area network that is 

not connected to a wired infrastructure and in which all 

stations are connected directly to one another as shown in 

fig.3. 

  
 

 

 

 

 

 

Fig 3: Mesh and Ad Hoc Network 

III. MULTIPLE ACCESS TECHNIQUES 

Wireless communication systems designed to allow the 

subscribers to transmit their data simultaneously to the base 

station while receiving information from the base station, A 

cellular system splits any particular zone into cells where a 

mobile unit for every cell communicates with a base station. 

The main objective in the cellular system design is to be 

able to improve the capacity of the channel i.e. to handle as 

many calls as possible in a given bandwidth with a sufficient 

level of quality of service [2]. 

      

A. Frequency Division Multiple Access (FDMA)  

 The frequency division multiple access (FDMA) is a 
process of dividing one channel or bandwidth into multiple 
individual bands. Each individual band or channel is wide 
enough to accommodate the signal spectrum of the 
transmissions to be propagated. The data to be transmitted is 
modulated on each subcarrier, and all of them are linearly 
mixed together [1]. 

B. Time Division Multiple Access (TDMA) 

     The time division multiple access (TDMA) is a digital 

technique that divides a single channel or band into time 

slots. Each time slot is used to transmit one byte or another 

digital segment of each signal in sequential serial data 

format. This technique works well with slow voice data 
signals, but it’s also useful for compressed video and other 

high-speed data [1]. 

 

 

 
 

Fig 4: FDMA and TDMA 

 

C. Orthogonal Frequency Division Multiple Access 

(OFDMA) 

      The orthogonal frequency division multiple access 

(OFDMA) is an access technique used in Long-Term 

Evolution (LTE) cellular systems to accommodate multiple 

users in a given bandwidth. OFDM is a modulation method 

that divides a channel into multiple narrow orthogonal bands 

that are spaced so they don’t interfere with one another. 

Each band is divided into hundreds or even thousands of 15 
kHz wide sub-carriers. As shown in fig.5 [4].  

                                        Fig 5: OFDM versus OFDMA 
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IV. DUPLEXING TECHNIQUES  

      Duplexing refers to the way downlink and uplink data is 
arranged in a two-way wireless transmission. The downlink 

carries information from a Base Station (BS) to Subscriber 

Stations (SSs). Downlink is also known as forward link. The 

uplink carries information from a SS to a BS. It is also 

called reverse link. There are two types of duplexing 

schemes [5]. 

 

 

 

 

 

 
 

 

 

 

 

 
Fig 6: Downlink and Uplink 

A. FDD Allocation Scheme  

       Frequency Division Duplex (FDD) requires two distinct 

channels for transmitting downlink sub-frame and uplink 
sub-frame at the same time slot as shown in fiq.7. FDD is 

suitable for bi-directional voice service since it occupies a 

symmetric downlink and uplink channel pair. FDD is 

commonly used in cellular networks (2G and 3G). 

Meanwhile, WiMAX supports full-duplex FDD and half-

duplex FDD. The difference is in full-duplex FDD a user 

device can transmit and receive simultaneously, while in 

half-duplex FDD a user device can only transmit or receive 

at any given moment. FDD is inefficient for handling 

asymmetric data services since data traffic may only occupy 

a small portion of a channel bandwidth at any given time 

[1]. 

 

Fig 7: Frequency Division Duplex (FDD) 

B. TDD Allocation Schemes  

    Time Division Duplex (TDD) is another duplexing 

scheme that requires only one channel for transmitting 

downlink and uplink sub-frames at two distinct time slots as 

shown in fig.8. TDD therefore has higher spectral efficiency 

than FDD. Moreover, using TDD downlink to uplink 

(DL/UL) ratio can be adjusted dynamically. TDD can 

flexibly handle both symmetric and asymmetric broadband 

traffic [1]. 
 

 

 

 

 

 
Fig 8: Time Division Duplex (TDD) 

V. PAPARMETERS AND REQUIREMENTS  

A. Schedulling  

A scheduler is presented in both the Base Station and 

(BS) and Subscriber Station (SS). The BS schedule controls 

all system parameters. It is the role of the BS to determine 

the burst profile and transmission periods for each 

connection. The choice of the coding and modulation 

parameters are decisions that are taken by the BS scheduler 
based on the quality of the link and the network load and 

demand. The BS scheduler continuously determines the 

bandwidth requirements for each station taking into 

consideration the service class for each connection and the 

quantity of traffic required. The role of the SS scheduler is 

to classify all of the incoming packets into the SS different 

connections [5].    

 

B. Media Access Control (MAC) Layer 

The WiMAX MAC uses a scheduling algorithm for 

which the subscriber station needs to compete only once for 

initial entry into the network. After network entry is 

allowed, the subscriber station is allocated an access slot by 

the base station. The time slot can enlarge and contract, but 

remains assigned to the subscriber station, which means that 

other subscribers cannot use it. In addition to being stable 

under overload and over-subscription, the scheduling 
algorithm can also be more bandwidth efficient. The 

scheduling algorithm also allows the base station to control 

Quality of Service (QoS) parameters by balancing the time-

slot assignments among the application needs of the 

subscriber station [8]. 

C. Bandwidth Request and Grants 

     A single cell in WiMAX consists of a BS and multiple 

SSs. In Point to Multipoint (PMP) mode, the BS schedules 

the traffic flow for SSs and SSs do not communicate 

directly. The communication between BS and SS are 

bidirectional, i.e. downlink (from BS to SS) and uplink 

(from SS to BS). The downlink channel is in broadcast 

mode and the uplink channel is shared by various SS’s 

through Time Division Multiple Access (TDMA) manner. 

The standard supports Time Division Duplex (TDD) mode, 

in which each TDD frame consists of downlink and uplink 

sub-frames. The downlink sub-frame has downlink map 
(DL- MAP) and uplink map (UL-MAP). The DL-MAP 

contains information about the duration of sub-frames and 

which time slot belongs to a particular SS as the downlink 

channel and UL-MAP consists of information element (IE) 

which includes transmission opportunities [5]. 

      In order to enhance the efficiency of the bandwidth 

usage while supporting the QoS provision, the mobile 

WiMAX system adopts well-organized bandwidth request, 

grant and polling mechanisms, which are supported by the 

five different types of scheduling services. When an uplink 

connection has data to send, its SS sends a bandwidth 
request message to BS. The SS requests for the bandwidth 

on a per connection basis and gets the aggregate bandwidth 

allocated to all its services, which is typically a Grant per 

Subscriber Station (GPSS) [1]. 

https://en.wikipedia.org/wiki/Scheduling_algorithm
https://en.wikipedia.org/wiki/Bandwidth_(computing)
https://en.wikipedia.org/wiki/Quality_of_Service
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D. Quality of Service (QoS) 

     One of the key functions of the WiMAX MAC layer is to 

ensure that QoS requirements for MAC Packet Data Units 

(PDUs) belonging to different service flows are met as 

reliably as possible given the loading conditions of the 

system. This implies that various negotiated performance 

indicators that are tied to the overall QoS, such as latency, 

jitter, data rate, packet error rate, and system availability, 

must be met for each connection. Since the QoS 

requirements of different data services can vary greatly, 

WiMAX has various handling and transporting mechanisms 

to meet that variety [6]. 
 

1) Unsolicited Grant Service (UGS)  

It is designed to support real-time service flows that 

generate fixed-size data packets on a periodic basis, such as 

T1/E1 and VoIP. UGS offers fixed-size grants on a real-time 

periodic basis and does not need the SS to explicitly request 

bandwidth, thus eliminating the overhead and latency 

associated with bandwidth request [6]. 

 

2) Real time Polling Service (rtPS) 

   This service is designed to support real-time service 
flows, such as Motion Picture Experts Group (MPEG) 

video, that generate variable-size data packets on a periodic 

basis. The mandatory service flow parameters that define 

this service are minimum reserved traffic rate, maximum 

sustained traffic rate, maximum latency, and 

request/transmission policy [6]. 

 

3) Non-real time Polling Service (nrtPS) 

This service is designed to support delay-tolerant data 

streams, such as a File Transfer Protocol (FTP) that require 

variable-size data grants at a minimum guaranteed rate. The 

mandatory service flow parameters to define this service are 
minimum reserved traffic rate, maximum sustained traffic 

rate, traffic priority, and request/transmission policy [6]. 

 

4) Best Effort Service (BE) 

   This service is designed to support data streams, such as 

Web browsing, that do not require a minimum service-level 

guarantee. The mandatory service flow parameters to define 

this service are maximum sustained traffic rate, traffic 

priority, and request/transmission policy [6]. 

 

VI. SYSTEM MODEL USING OFDMA 

     For this section, a specific scheduling algorithm to carry 

the data from the subscribers to the base station as a 

particular model is presented [8].  

   The user sends a bandwidth request, according to own 

traffic, to the base station in the uplink sub-frame. The 

request is processed by the BS and the bandwidth is granted 

to each subscriber station in the uplink map (UL-MAP) 

within the downlink sub-frame. In addition, the allowable 

bandwidth is divided between those active SSs according to 

their traffic types. As known, the data symbols are 

transmitted in parallel in the OFDMA system, i.e. one data 

symbol per subcarrier in the transmission period of the 

uplink sub-frame.  

  The mechanism of the proposed algorithm is to transmit, at 

the first, all class-1 (UGS) data messages from all SSs with 

their order of arrival and the order in which the stations 

access the channel (i.e. station 1 followed by station 2 and 

so on). After completing the transmission of all class-1 

messages from all SSs, the BS assigns the bandwidth for 
class-2 (rtPS) messages from all active stations that have 

this type of traffic, with the same order in the first class. As 

observed in the fig.9. the class-3 (nrtPS) messages come at 

the third in the transmission period and class-4 (BE) 

messages at the end.  

 

Fig 9: The proposed algorithm for UL-transmission 

VII. NUMERICAL ANALYSIS 

A. Average waiting-time for version I  

1) TDMA analysis technique  

For any p, q Є{1,….,P} such that p < q , and  p , q  

represent the classes of services and  P  is a class number 

which has the lowest priority, all  class-p messages are 
transmitted before any messages of class-q , independent of 

which station it belongs to. For the messages belonging to 

the same class but in distinct stations, the order of the 

transmissions is according to the order in which the stations 

access the channel (first station 1 and the last station M). For 

messages in the same station with the same class of 

priorities, the transmissions occur by order of arrival [8]. 

   The average waiting-time of class-p messages at terminal i 
will be given by: 
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Where  = is the traffic in the terminal i due to the 

messages of class p, and E[ ]= .The 

expression above for is still given as a function of E 

[L]and E [ , the first and second steady-state moments of 

. The first and second moments of the cycle length can be 
found using the same analysis method presented. 

 

(with n ) for both sides of the equation(2) we obtain: 

 
In a similar way, through a recursive equation for ] and 

assuming , then 

 
 

Finally, substituting equations (3) and (4) in (1), we have a 

closed expression for the average waiting-time of the class-p 

messages in the station i. 

2) OFDMA analysis technique  
The average waiting-time of class-p messages at terminal i 

will be given by: 

 

Where: 
H=Number of sub-channels 

 

VIII. SIMULATION AND RESULTS 

To evaluate the level of differentiation obtained with the 

described protocols, considered three distinct scenarios, 

where in each scenario there is a differentiated probability 

between four classes of traffic (P = 4), as shown in Table 1. 

 
TABLE I        TRAFFIC SCENARIOS USED 

Traffic Classes Scenario I Scenario  II 

UGS 50% 25% 

rtPS 30% 25% 

nrtPS 15% 25% 

BE 5% 25% 

 

A. Average waiting-time vs. traffic intensity  

1) using TDMA 
In each scenario there are 20 stations (M = 20) with 

balanced traffic condition between them, i.e. = /20, 

where represents the rate of messages from class p and 

represents the rate of messages of class p in the station i 

We assume that the number of packets in each message of 

class p in the station is constant with average = 5 and 

= 25, for each p = 1, 2, 3, 4, and  i = 1, ...,20. So, the 

average waiting-time for the class p is given by: 

   

 
Where:  =   and   

 

2) using OFDMA 
As stated in the case of TDMA, in each scenario there are 

20 stations (M = 20). It is also assumed that the number of 

packets in each message of class p in the station i is constant 

with average  = 5, and second moment = 25 for each p 

= 1, 2, 3, 4 and  i= 1, ..., 20. The number of subcarriers is 

taken to be (H = 4). 

So, the average waiting-time for the class p is given by: 

 
= ,    and     

Figures.10, and 11 illustrate the average waiting-time in 
the queue for each priority class related to the offered traffic 

in the channel for both TDMA and OFDMA techniques 

with Scenarios I, and II respectively. From these Figures, an 

improvement has been achieved by using OFDMA 

technique over TDMA. For given number of sub-channels 

(H=4), the average waiting time has been decreased to the 

quarter, which can be predicted from the above equation.  

 
             Fig 10: Average waiting-time vs. traffic intensity in Scenario I 
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Fig 11: Average waiting-time vs. traffic intensity in Scenario II 

This refinement happens because in the OFDMA system 

the data symbols are transmitted in parallel with time, i.e. 
one data symbol per subcarrier in the transmission period of 

the uplink sub-frame. Also we can observe that the higher 

priority traffic (class 1) is still privileged over other lower 

priority traffic, this class got the smallest average waiting 

time compared to other classes. 

B. Average waiting-time vs. number of subcarriers using 

OFDMA 

The relationship between the average waiting time and 

the number of sub-carriers is shown in Figures 12, and 13 

for the presented Scenarios I, and II respectively. The 

Figures display that the average waiting time is decreasing 

with the increase in the number of subcarriers. It seems to be 

more efficient and effective, with respect to the delay, for all 

classes of services if the number of sub-channels has been 

increased, especially for real time traffic applications, which 

are very sensitive to delay. As explained in section 2.3, the 

number of subcarriers could be reached to 256 in the BWA 

networks, which give us an interpretation to how the 
OFDMA technology has made the observed huge 

development in the current BWA networks. 

 

Fig 12: Average waiting-time vs. number of subcarriers in Scenario I 

 

  Fig 13: Average waiting-time vs. number of subcarriers in Scenario II 

IX. CONCLUSION 

it is concluded that a MAC reservation scheme is 
presented for BWA systems that incorporating traffic 

scheduling functions with message or station-based 

priorities. The presented algorithm can provide service 

differentiation between distinct traffic types, even under 

heavy load, decreasing the average waiting-time for the 

highest priority class. Moreover, there is some degree of 

unfairness between stations with respect to their waiting 

time, especially at high traffic intensity. 

     For balanced traffic condition, the degree of unfairness is 

slightly lower than unbalanced case. After using the 

OFDMA technique, the system delay performance has been 

improved if compared with the TDMA. It is also concluded 
that the OFDMA has made our algorithm more effective and 

suitable for multimedia applications, especially for real time 

traffic (voice and video) applications. 
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