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Abstract 
 

The aim of the thesis is to develop and describe WRAP’s capabilities in handling the WiMAX 
standard as defined in IEEE 802.16e related to traffic capacity calculations. WRAP International has 
developed the software WRAP for spectrum management and radio network planning. WRAP 
includes various technical calculation functions that are applied for design and analysis tasks with the 
purpose of achieving the desired quality of service within radio communication networks, navigation 
and radar systems. WRAP already includes functions for radio wave calculations to establish for 
instance coverage; best server maps etc, as well as traffic calculations for cellular networks (2G) using 
channel-orientated calculations that are modeled by Erlang B and Erlang C formulas. Since WiMAX 
supports multiple broadband data services including voice, video, web data, interactive network 
gaming and streaming media so there is a need to build a tool for the estimation of WiMAX traffic 
capacity calculations. Some methods and algorithms are analyzed and a tool has been built to ease the 
network planner’s job. It works based upon the calculations and algorithm presented in the report. 
Total number of users and data rate supported by a base station is calculated and total number of base 
stations, required for the coverage of a specific area is determined. This new tool is compatible with 
WRAP’s current functions. 
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Abstract 
 
The aim of the thesis is to develop and describe WRAP’s capabilities in handling the WiMAX 
standard as defined in IEEE 802.16e related to traffic capacity calculations. WRAP 
International has developed the software WRAP for spectrum management and radio network 
planning. WRAP includes various technical calculation functions that are applied for design 
and analysis tasks with the purpose of achieving the desired quality of service within radio 
communication networks, navigation and radar systems. WRAP already includes functions for 
radio wave calculations to establish for instance coverage; best server maps etc, as well as 
traffic calculations for cellular networks (2G) using channel-orientated calculations that are 
modeled by Erlang B and Erlang C formulas. Since WiMAX supports multiple broadband data 
services including voice, video, web data, interactive network gaming and streaming media so 
there is a need to build a tool for the estimation of WiMAX traffic capacity calculations. Some 
methods and algorithms are analyzed and a tool has been built to ease the network planner’s 
job. It works based upon the calculations and algorithm presented in the report. Total number 
of users and data rate supported by a base station is calculated and total number of base 
stations, required for the coverage of a specific area is determined. This new tool is compatible 
with WRAP’s current functions. 
 
Keywords: WiMAX, Traffic Capacity Calculations, IEEE802.16e, Radio Network Planning 
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1 Introduction 

 
Telecommunication is providing voice and very low data services like telegraph and telex from 
many years. The demand of the high speed data services are increasing day by day. Fixed and 
the wireless networks became an essential need in our daily lives. WiMAX [Worldwide 
Interoperability for Microwave Access] wireless network provides the high speed data to wide 
areas. It supports the different type of services, including voice, video and web browsing data. 
Designing a good WiMAX network is a complex task. A network planning tool is used to ease 
the network planning job. A planning tool is used to models the network, plan the deployment 
and evaluate the outcome. It performs the network calculations, dimensioning and analysis, 
coverage, frequency and traffic planning, site management and all essential planning, 
optimisation and management tasks.    
     

1.1 Aim 

The aim of the thesis is to build a tool for estimating WiMAX traffic capacity. The tool will 
facilitate in WiMAX network planning. Some methods and algorithms for estimation of 
WiMAX traffic capacity calculation are analyzed and upon the verified results, a tool will be 
built to ease the network planner’s job. This new tool will be compatible with WRAP’s current 
functions. 
 

1.2 Method 

At first WRAP’s current functionalities are needed to be understood and the study will carry on 
to understand the WiMAX structure. Then an analysis about WiMAX traffic capacity 
calculation is done. An algorithm is presented to estimate WiMAX traffic capacity calculation 
and a tool is developed that implements the algorithm.  It will use WRAP’s current capabilities 
and the new algorithm for estimating WiMAX capacity. Users enter some parameters 
depending upon their network’s demand and WRAP will give calculated estimation of traffic 
capacity of a WiMAX Base station.   
 

1.3 WRAP International AB 

WRAP International is a Swedish company that provides a comprehensive portfolio of expert 
consulting and software products for radio network planning and optimization and spectrum 
management. The WRAP software provides efficient frequency management and radio 
network planning support for organizations ranging from telecommunication authorities to 
network planners. WRAP supports the planning, implementation and operation phases of 
systems for microwave point-to-point, point-to-multipoint, broadband wireless access, wireless 
local loop including WiMAX, analogue and digital sound and television broadcasting, land 
mobile, mobile telephone, radar, navigation, aeronautical communication, HF[High Frequency] 
communication, satellite links and more. The efficient tools of WRAP provide cost-effective 
network designs with small manpower efforts. 
 
WRAP’s Calculation Tools currently provide the following main functions:  
 
1. Coverage  
2. Interference  
3. Radio Link Performance  
4. Spectrum Viewer  
5. Collocation Interference  
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6. Frequency Assignment  
7. Radar Coverage  
8. Coverage Comparison  
9. Earth Station Coordination  
10. Traffic Capacity (to support 2G mobile telephone systems, such as GSM, and trunked radio          
       Systems [14] such as TETRA)  
11. Broadcast 
12. Obstruction Manager  
13. Satellite Network Coordination  
14. HF Planning  
15. Allotment Generation  
16. Point-to-Multipoint  
17. Calculator functions  
18. Cost and Coverage Optimizer  
 
The results are presented geographically, facilitating planning and decision making. Figure 1.1 
shows the WRAP main project window and two types of 2D Map views. WRAP has profile 
view and 3D map views also. WRAP map viewer has four different types of projection that are 
national grid, orthographic, great circle and Mercator world (types of graph).  View scale of a 
particular area of interest can also be set using zoom in and zoom out tools.  
 

 
Figure 1.1: WRAP Project Window and two map views [4]. 

The WRAP’s Administrative Tools consist of four different parts:  
 

1. Network Management. This function provides the capability to define radio networks, 
comprising for instance military units and platforms that may have a very complex 
structure. It is fully integrated within the main WRAP system.  

2. Integrated Administrative Functions. These functions form an integrated part of the 
main WRAP system and provide a number of functions for the generation, handling, 
search and list operations of stations, equipment and frequency allotments.  
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3. License and Coordination Manager (LICMAN). This is a separate application 
developed in MS Access, integrated with the main WRAP system through the 
WRAPdB station database.  

4. Spectrum Allocation Manager (SAM). This is a separate application from the main 
WRAP system, used for the management of ITU Tables of Frequency Allocations and 
similar national or regional allocations. Such allocations can be created, edited viewed 
and printed in tabular and graphical form.[4] 

The Map Data Manager is a stand-alone application, which is needed to create or update the 
geographical databases used by WRAP. Several data import formats are supported for the 
generation of raster, vector and image databases used by WRAP. [4] 

 

1.4 Network Capacity  

There are several ways of estimating the performance of a radio network. Capacity is one of 
them. Capacity estimates the amount of data that can be transmitted to and from users. Capacity 
determines how much reliable data that can be sent through a given channel. One way to 
estimate the capacity is by calculating the data rate per unit bandwidth that can be successfully 
delivered in a system. Another way is by calculating the number of user that can be supported 
by a system or by a sector of the base station. An alternative way of looking at capacity is by 
putting load on the system with the geographical placing of users and then by determining the 
quality of service in traffic terms as a function of the number of users and their traffic profile. It 
is useful to estimate the system capacity in the extreme cases where a sector can achieve 
minimum and maximum number of users and spectral efficiency in bps/Hz (bits per second and 
Hz) [3]. Capacity calculations provide support when designing a network for desired levels of 
capacity. It helps to figure out the exact number of users that can be supported and the data rate 
that can be used to successfully transfer across a network in a given time. It is central to 
understanding how many base stations are required for a deployment region [8].  

1.5 WRAP’s Capacity Calculation Tool 

WRAP already has capabilities to estimate the capacity of a network. The calculations are 
performed with a radio capacity calculator and by a traffic capacity tool. The current capacity 
calculator takes parameters and estimates the voice traffic and channel-oriented data traffic. 
Currently this calculator works fine for voice traffic, SMS and circuit-switched data by using 
ErlangB and Erlang C formulas [11]. This is not useful for the WiMAX capacity estimations 
since WiMAX provides other services along with these traffic types, and because the traffic 
properties cannot be described in channel terms due to the packet data structure. That includes 
video, web data, interactive network gaming and streaming media. We need to build a 
calculator in WRAP which will consider the WiMAX’s frame properties. Figure 1.2 describes 
the current WRAP’s capacity calculator for the channel-oriented traffic. With the help of this 
calculator an operator can analyze the traffic in term of the Grade of Service, number of 
channels, holding time and calls per hours, using choice of Erlang B or Erlang C formulas. 
Delay time is an extra parameter in Erlang C.  
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Figure 1.2: WRAP’s Radio calculator – Voice Traffic (Erlang B and Erlang C) [4]. 

In addition, operators can evaluate traffic capacity of a defined network with WRAP’s Traffic 
Capacity tool. This tool considers the geographical distribution of subscribers and calculates 
the traffic performance of each cell in a cellular network. This works with a Traffic Map tool 
and a subscriber tool. At first the operator defines the desired area of interest where he wants to 
perform calculations. WRAP’s project map view can be used to define the area of interest.  
Currently WRAP supports three types of subscribers. A number of subscribers can be defined 
in points, along lines, within polygons or in circular areas. Every terrain code can also be 
assigned a subscriber density. Gaussian or uniformly distribution of subscribers can be used in 
the desired area for the circular area type [4].  

Best server (best station of the selected area) calculation can be done with noise or interference 
limitations using the traffic capacity tool. Figure 1.3 shows us a view of the input data screen of 
the tool. Here the user can choose between Best server noise limited and interference limited. 
The selection of the traffic map is also available. This has been already defined by using the 
traffic map tool.  

After the calculation based on best server noise limited or interference limited, the operator can 
open a result dialog where the first tab presents the number of subscribers within each base 
station’s best server area. Each station is listed and there are a number of subscribers in front of 
each base station. The last column presents the total number of subscribers that can be handled 
within the best server area.  Figure 1.4 shows the result dialog with a number of other tabs; 
Parameters, Grade of service, Subscribers, Traffic, Channels and Presentation. These tabs also 
have their own results based upon the values entered in the Parameters tab. [4]   
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Figure 1.3: Traffic Capacity Tool’s main window [4]. 

The parameter tab is same as in the traffic capacity calculator. The grade of service specifies the 
probability that a subscriber will be rejected (Erlang B) or that the queuing time > delay time 
(Erlang C) when requesting service. Low values of the grade of service are the most acceptable to 
the user.  The Subscribers tab presents the number of subscribers that can be served by a base 
station. Traffic in Erlang that can be served by the station is calculated for each subscriber type. 
The number of channels required to achieve the specified grade of service is calculated for each 
subscriber type.  Grade of service, Subscribers, Traffic and Channels are calculated by using the 
parameters entered within result dialog.  

            

Figure 1.4: Result dialog, number of offered subscribers within Best Server area [4]. 
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2 Technical Overview of Mobile WiMAX 

 

2.1 Introduction to WiMAX 

To provide wireless high speed data with desired quality of services is always a challenge. 
Worldwide Interoperability for Microwave Access (WiMAX) is based on IEEE standard 
802.16 capable of providing high speed data rate to wide areas and provides high spectrum 
efficiency. The WiMAX forum, formed in June 2001 with aim to provide the conformity and 
interoperability of standard, defines WiMAX as “The delivery of wireless broadband services 
anytime, anywhere and can accommodate fixed and mobile usage models. The IEEE 802.16 
standard was developed to deliver non-line-of-sight (LoS) connectivity between a subscriber 
station and base station with typical cell radius of three to ten kilometres.”[5].The first release 
of the standard was IEEE 802.16-2001. It was followed by several amendments like IEEE Std 
802.16a (2003), IEEE 802.16c and the amendment project IEEE  P802.16d, which were 
consolidated into a new revision IEEE Std 802.16-2004.The standard 802.16d 2004 is called 
fixed WiMAX since it has no support for mobility. The WiMAX IEEE 802.16e was defined to 
add the mobility for users. Since Mobile WiMAX offers fixed, nomadic, portable and mobile 
capabilities hence WiMAX is also called Mobile WiMAX. The standard serves in the 
frequency range of 2-11 GHz. As shown in figure 2.1 the Mobile WiMAX system profile 
includes mandatory and optional features of fixed WiMAX and amendments of providing the 
mobility.  
 

 
   Figure 2.1: Mobile WiMAX with fixed broadband and mobility capability [1]. 

WiMAX aim is to provide high speed data rate for long distances. Users can expect the speed 
ranging 1-5 Mbps depending upon service provider. With the high data rate and more coverage 
WiMAX has become a cost effective solution in the world. More than 150 WiMAX trials are 
underway in Europe, Asia, Africa and North and South America. The standard operates on 
licensed bands between 2 GHz and 6 GHz.  Mobile WiMAX covers 5, 7, 8.75 and 10 MHz 
channel bandwidths for licensed worldwide spectrum allocations for frequency bands of 2.3 
GHz, 2.5 GHz, 3.3 GHz and 3.5 GHz [1]. 
 
WiMAX uses Orthogonal Frequency Division Multiple Access [OFDMA] and Adaptive 
modulation technology to provide the high bandwidth and high data rate efficiently and 
effectively. Scalable OFDMA [SOFDMA] provides the scalable channel bandwidths from 1.25 
to 20 MHz. It provides high quality of service (QoS) to multiple broadband data services 
including voice, video, web data, and interactive network gaming and streaming media. It 
provides a great deal of flexibility in radio access technology, offering various services and 
network architectures.  Mobile WiMAX has the following features: 
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• High data rate: The use of advanced antenna techniques with flexible sub-
channelization, Adaptive Modulation and an advanced coding scheme enables 
WiMAX’s base station to support high data capacity.  

• Quality of service: The basic feature of the Mobile WiMAX is to provide high QoS. 
• Scalability: WiMAX is able to scale to work in different channelization from 1.25 to 20 

MHz. This allows adjusting the network configurations according to services provided. 
• Security: WiMAX security aspects are considered with EAP. Extensible Authentication 

Protocol or EAP is a universal authentication framework frequently used in wireless 
networks. 

• Mobility: WiMAX provides optimized handover schemes with low latency and high 
security to ensure the real time applications [1]. 

The WiMAX network is similar to traditional wireless networks. It has Base Stations [BS], 
Subscriber Stations [SS], and Mobile Stations [MS]. A base station has a specific location 
where radios are deployed and antennas are mounted. In the wireless part of a BS we can define 
two communication directions: 

• Downlink [DL] - The transmission from the BS to the MS 
• Uplink [UL] - The transmission from MS to the BS   

The MS sometimes referred to as the SS or Customer Premises Equipment (CPE), consists of 
four major parts: 

• Driver software 
• Digital interface 
• Baseband processor 
• Radio transceiver 

 

2.2 WiMAX OFDM, OFDMA and SOFDMA 

WiMAX is based on the Orthogonal Frequency Division Multiplexing [OFDM] transmission 
scheme which provides high speed communication. OFDM is a multicarrier modulation which 
divides high bitrate data streams into several low bitrate data streams and modulating each 
stream on separate sub-carriers. This technique minimizes the Inter Symbol Interference [ISI]. 
When frequencies pass through a wireless channel, the traditional technique is to separate 
adjacent frequencies and apply filters to eliminate mutual interference but OFDM solves the 
interference issue by bringing the frequencies closer. It keeps OFDM symbols independent 
from each other by introducing guard time Tg between them. Cyclic Prefix [CP] technique is 
used to eliminate ISI totally from the channel as long as the CP duration is longer than the 
channel delay spread. Figure 2.2 describes the insertion of CP in OFDM symbol to eliminate 
the ISI. G is the ratio between cyclic prefix and useful symbol time and have values 1/4 1/8, 
1/16, 1/32.  

         

                                  Figure 2.2: Cyclic Prefix in OFDM symbol [1]. 

Orthogonal Frequency Division Multiple Access [OFDMA] is a multiple access scheme that 
provides multiplexing operation of data streams from multiple users onto the downlink sub-
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channels and uplink multiple access by means of uplink sub-channels [1]. OFDMA is an 
updated version of OFDM. Multiple access is achieved by allocating different subsets of 
OFDM sub-carriers to different users. Sub-carrier is an analog or digital signal which carries 
data on a radio transmission. Sub-channelization differentiates OFDMA from OFDM.  A group 
of sub-carriers is called a sub channel. The available sub-channels within the total bandwidth 
are assigned to the users logically on demand basis. Sub- channels should have a capacity that 
can be allocated on demand. 

          
                           Figure 2.3: Four different sub-carriers of OFDMA symbol [1]. 

The four different sub-carriers as shown in figure 2.3 are Data, Pilot, Direct Current [DC] and 
Guard sub-carriers.  

• Data sub-carriers are used for data transmission.  

• Pilot sub-carriers are used for estimation and synchronization purposes.  

• DC and Guard sub-carriers are used for guard bands  

Data and Pilot sub-carriers are referred to as Active sub-carriers and the DC and Guard sub- 
carriers are referred to as NULL sub-carriers. Active (data and pilot) sub-carriers are grouped 
into subsets of sub-carriers called sub-channels [1]. The distribution of the sub-carriers of a 
sub-channel depends upon the sub-carrier permutation mode. A permutation scheme is used to 
minimize the interference at the sub-carrier level. The permutation scheme is used to map the 
physical resources (carriers) to logical resources (sub-channels). Two types of permutation 
schemes are used for sub-channelization; diversity and contiguous. Diversity distributes sub-
carrier randomly to form a sub-channel. The diversity permutations include DL FUSC (Fully 
Used Sub-Carrier), DL PUSC (Partially Used Sub-Carrier), UL PUSC and additional optional 
permutations [1]. Contiguous permutation uses continuous blocks of sub-carriers to form a sub-
channel. It contains DL and UL AMC. Based on the above definitions and description of 
OFDM and OFDMA,  we can clearly differentiate  that the OFDM allocates a subset of sub-
carriers to only one user per unit time where as the OFDMA can allocate sub-channels to a 
number of the different users at a particular time. The OFDMA is a more flexible technique, 
currently used by the WiMAX (IEEE 802.16e 2005) [10].  Figure 2.4 shows a clear difference 
between channel allocation to the four different users using OFDM and OFDMA schemes.                  

            

Figure 2.4: Difference between channel allocation using OFDM and OFDMA scheme [6]. 
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Scalability fulfils the basic aim of the WiMAX to provide the different type of services with a 
wide range of bandwidths. WiMAX provides high scalability by using Scalable OFDMA 
(IEEE 802.16e 2005) [10]. It supports channel bandwidths ranging from 1.25 to 20 MHz to 
address the need for various spectrum allocations. Scalability is achieved by adjusting the size 
of the FFT with a fixed symbol duration. It makes the sub-carrier frequency spacing constant 
and reduces system complexity of smaller channels and improves performance of wider 
channels. Table 2.1 shows the OFDM and OFDMA scalability parameters. 

            

Table 2.1: OFDM and OFDMA scalability parameters [6]. 

WiMAX users are dynamically assigned sub-carriers (frequency) in different time slots (time) 
by BS. As overall an OFDMA carrier is defined in three domains: Frequency, time and power. 
As shown in figure 2.5 [7]: 

     

Figure 2.5: OFDMA in Frequency, Time and Power domain [7]. 
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2.3 TDD OFDMA Frame Structure 

Mobile WiMAX (802.16e) [10] supports Time Division Duplex [TDD] and Full and Half- 
Duplex Frequency Division Duplex [FDD] operations but according to the WiMAX forum, in 
initial release Mobile WiMAX (802.16e) [10] will only provide TDD and work is ongoing on 
FDD to fulfill more market demands. FDD allows both the BS and SU to transmit at the same 
time but at different frequencies. TDD uses a single channel to transfer data for both DL and 
UL directions and is cheaper and easy to use. TDD enables adjustment of the downlink or 
uplink ratio to efficiently support asymmetric DL/UL traffic. In this mode the downlink and 
uplink sub-frames are separated by a transmission gap. This gap is used by BS to switch from 
transmission mode to receive mode. Figure 2.6 shows OFDM/OFDMA frame structure for a 
TDD implementation. 

            
                        Figure 2.6: Mobile WiMAX OFDMA Frame Structure [1] [2]. 

 
Preamble: It is used for synchronization and is the first OFDM symbol of the frame. 
Frame Control Header (FCH): It provides the frame configuration information such as MAP 
message length and coding scheme and usable sub-channels. 
DL-MAP and UL-MAP: The DL-MAP and UL-MAP provide sub-channel allocation and 
other control information for the DL and UL sub-frames respectively. 
UL Ranging: The ranging is done in the Uplink and used for closed-loop time, frequency, and 
power adjustment as well as bandwidth requests.  
UL Channel Quality Indicator [CQICH]: The UL CQICH channel is allocated for the MS to 
feedback channel state information. 
UL Acknowledge [ACK]: The UL ACK is allocated for the MS to feedback DL Hybrid 
Automatic Repeat Request [HARQ] acknowledge. [1] 
 
Data burst is only used to transfer data for individual users. So preamble, FCH, DL/UL MAP, 
ranging, UL CQICH and UL ACK are overheads on each frame. Later we will consider these 
overheads while calculating the capacity of a WiMAX sector.  

2.4 Adaptive Modulation and Coding  

Adaptive Modulation and Coding [AMC] technique is used to provide the maximum data rate 
to the user in a network. Different modulation schemes with combination of different coding 
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Figure 2.7: Impact of Modulation and Coding rate on Data rate
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capacity varies depending on link conditions. Thus it becomes a real challenge to predict the 
overall capacity. 

2.5 MAC Layer Structure 

The Medium Access Control [MAC] layer plays an important role on the WiMAX frame such 
as packing, fragmentation, channel allocation, scheduling, Quality of Service, security and 
mobility management. As shown in figure 2.8 the MAC layer is above the physical layer and it 
communicates by sending/ receiving data to/from Physical layer.  

The MAC layer consists of three parts, Convergence sub-layer, Common part sub-layer and 
Security sub-layer. It is designed to efficiently deliver broadband data services including voice, 
data and video over a time varying broadband wireless channel. 
 

  

Figure 2.8: MAC Layer functionality within IEEE 802.16 Protocol Reference Model [8]. 

The Convergence layer receives packets known as Service Data Units [SDU] from the upper 
layer and prepares them for further processing. The Common part layer is responsible for 
making Protocol Data Units [PDUs] and prepares PDUs for transmission. One PDU can have 
multiple SDUs referred as packing and a single SDU can spread over multiple PDUs referred 
as fragmentation. Packing and fragmentation are done on the basis of service type, demanded 
by the user [6]. The two types of PDUs are generic PDUs and bandwidth request PDUs. 
Generic PDUs are used for carrying data for user and bandwidth requests PDUs are used for 
carrying the bandwidth request information. The Scheduler schedules the PDUs over the PHY 
resource allocation. A MAC scheduler is very efficient to allocate available resources. A 
Scheduler is located in each base station and controls communication efficiently by sending 
quick response to traffic requirements and channel conditions. Scheduling is provided for both 
DL and UL. MAC handles the dynamic resource allocation efficiently and it provides better 
QoS.  The MAC security layer handles authentication and encryption. Mobile WiMAX uses the 
best security technologies available today. It supports user authentication, flexible key 
management protocol, strong traffic encryption, control and management plane message 
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protection and security protocol optimizations for fast handovers.[1][8] 
A network operator has committed to support the desired QoS to user so the system should 
provide the desired bandwidth. Before providing any type of data service, the base station and 
the user terminal have established a unidirectional connection. The QoS parameters are 
associated with service flow to define the transmission ordering and scheduling on the air 
interface. So the connection oriented QoS provides the better control of the air interface. The 
service flow parameters are dynamically managed through MAC messages for controlling the 
dynamic service demand.  This technique provides the better QoS in both DL and UL 
directions.   
There are specific sets of QoS parameters. Mobile WiMAX provides support for different 
applications with varied QoS requirements in both DL and UL directions. Table 2.3 describes 
the QoS categories and different applications that require different QoS specifications.  
 

          
 

Table 2.3: Mobile WiMAX Quality of Service and Applications [1]. 

2.6 Advanced Features of Mobile WiMAX 

The scheduler located in the base station controls the allocation of time and frequency in both 
DL and UL directions. It monitors the traffic by monitoring the CQICH feedback. Scheduling 
is done on a frame by frame basis with respect to traffic demand.  The two most fundamental 
concepts in Mobile WiMAX are Mobility and Power management. Mobility management 
refers to a concept that a mobile station should retain its connection with the network while 
moving from one place to another. Power management enables MS to save its battery.  
WiMAX uses Smart Antenna Technologies to enhance the system performance and to improve 
the capacity and coverage of the system. It provides high peak rates and increased throughput 
of a WiMAX base station.  Mobile WiMAX supports frequency reuse of one, which means all 
the sectors operate on the same frequency channel to maximize the spectral efficiency. As 
discussed in the section 2.2, Mobile WiMAX users operate on sub-channels, which is a small 
fraction of the whole channel bandwidth. By configuring sub-channels we can easily handle 
cell edge interference problem without the need of traditional frequency planning. The users 
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close to the base station operate on the zone with all available sub-channels and the users at the 
edge use a fraction of the available sub-channels. This configuration makes the full load 
frequency reuse of one for users near the base station and partial frequency reuse is 
implemented for the edge users. Sub-channel reuse planning can be dynamically optimized 
across the sectors based on network load and interference conditions on frame by frame basis. 
All the sectors can operate on the same frequency channel without the need for frequency 
planning. [1] 

2.7 Data Rate and Coverage 

Throughput is defined as the successful transfer of data over a network in a given time and it is 
usually measured in bits per seconds [bps] or kilo bits per second [kbps]. Our aim also includes 
estimation of the data rate supported by a WiMAX sector. In order to estimate the throughput 
of a sector of a WiMAX’s base station the modulation distribution of the interested area should 
be available [8]. We use the modulation distribution and coding rate assumptions within the 
area of interest as seen in table 2.4, and estimate the capacity. Coding rate is taken from the 
standard IEEE 802.16e and we assume a modulation percentage (weight) but the operators may 
use the different modulations, coding rate and weight, depending upon their network demands. 

Modulation Coding rate Weight K 

BPSK 1/2 5% 1 

 

QPSK 

1/2 2.5% 2 

3/4 2.5% 2 

 

16-QAM 

1/2 5% 4 

3/4 5% 4 

 

64-QAM 

2/3 40% 6 

3/4 40% 6 

Table 2.4: Modulation distribution [6]. 

Using the above modulation distribution one can calculate the available data rate of the DL 
channel as 
          

         ����������	 
  ����	�∑�%� · � · ����
��

                                    �2.1� 

 
Where FFTused is the number of data subcarriers and can be found in table 2.1. %P is 
percentage weight. k is the number of bits per symbol and OCR is the coding rate and can be 
found in the table 2.2. Ts is the symbol duration according to figure 2.2. 

                                        �� 
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Where G is the ratio 
��
��

   and can be one of 1/4, 1/8, 1/16 or 1/32. And �� 
  /# $ is useful 

symbol duration, with the sub-carrier spacing ∆f given as   

                       # $ 
  ��/%���                                                          (2.4) 
  

                             �� 
 $�&&' ()*+
,---. ,---                                            � 2.5� 

 
Where Fs is the sampling frequency, n is the sampling factor and BW is the channel bandwidth. 
NFFT is the total number of subcarriers. If the channel bandwidth is a multiple of 1.75 MHz then  
n = 8/7 and for multiple of 1.25, 1.5, 2.75 MHz the n = 28/25 else n= 8/7. 
 
Utilization of modulations and coding rate depends on the received power at each point. 
Standard 802.16e refers the SNR for the receiver sensitivity in section 8.4.13.1.1 [10]. Table 
2.5 summarizes the receiver sensitivity for the different modulation and coding rates [6].   

Modulation SNR(dB) 
Coding 

rate 

Rx Sensitivity(dBi) 

5 MHz 10 MHz 

 

QPSK 

5 1/2 -92.30 -89.29 

8 3/4 -89.30 -86.29 

 

16-QAM 

10.5 1/2 -86.80 -83.79 

14 3/4 -83.30 -80.29 

 

64-QAM 

18 2/3 -79.30 -76.29 

20 3/4 -77.30 -74.29 

                                         Table 2.5:Minimum Receiver Sensitivity [6]. 

Now we will find the cell range of a particular WiMAX sector. As we have already discussed 
those subscribers near the base station receive high data rate while subscribers with longer 
distance from the base station receive low data rate. The minimum received power in the 
wireless channel is calculated according to   

                       �' 
  �2 � �2 3 �4 � �' �  �5                                                 (2.6) 
            
Where Pr is the minimum received power in the receiver or the sensitivity of the receiver in 
dBm. Pt is the transmitter’s power output in dBm, Gt is the gain of the transmitter antenna in 
dBi, Gr is the gain of the receiver antenna in dBi, PM is the Planning Margin and PL is the path 
loss in dB [12]. The Planning Margin gives the required additional received signal level to give 
allowance, to fading prediction errors and additional losses. The sensitivity of the receiver 
based on WiMAX frame measures is estimated according to 

�6  
 3  7 � 8%� 3  -�&�� �  - 9:; (��%�	�
%���

. � <=>4&�� � %�                    �2.7� 

Where Rx is the receiver’s sensitivity or is the power of the data subcarriers only, -114 dBm is 
“Reference Thermal Noise density level”  =  Boltzman constant + 10*log(Reference noise 
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temperature) with Boltzman constant = -138.6 dB(mW/(K*MHz))  in a 1 MHz bandwidth and 
Reference noise temperature = 290 K  (degree Kelvin), SNR is in a range of 5 to 20 dB, based 
on the modulation and coding rate, R is the bits per symbol and is 1 for BPSK, 2 for QPSK, 4 
for 16-QAM and in general if M is the modulation level in a M-QAM constellation then 
@ 
 2A [6], Fs is the OFDMA sampling frequency (e.g. 11.2 MHz for a 10 MHz bandwidth 
signal), Nused is the number of data subcarriers being used, NFFT is 512 or 1024 depending on 
bandwidth, ImpLoss [Implementation Loss] allowed is 5 dB and NF [Noise Figure] assumed is 
8 dB. It is important that the parameters to enter in the implementation in WRAP are readily 
available in the equipment specifications from manufacturers. These are normally only the 
sensitivity value, and sometimes also SNR value. 
An example to calculate the receiver sensitivity, with QPSK ½, using the IEEE assumptions 
and a 10 MHz PUSC signal is 
 

Rx  =  – 114 + 5 – 10log (2) + 10log (11.2 × 720/1024) + 5 + 8 = – 90 dBm 

 

Once we have receiver sensitivity, we can solve (2.6) for the path loss calculation. If we have 
path loss then a propagation model can be used to find the cell range. There are many 
propagation models selectable in WRAP including Free-space, Longley-Rice, and Okumura-
Hata/COST-231 Hata, COST-231 Walfish-Ikegami, SUI and Detvag9-0/FOI, ITU-R P.619 and 
many others [4]. For the WiMAX capacity calculator we will use non- terrain dependent 
models such as Free-space, Longley-Rice, and Okumura-Hata/COST-231 Hata, COST-231 
Walfish-Ikegami and SUI.  For example using the following “Free space” non-terrain 
dependent propagation model one can find the path loss as 

              �4���  
  BC. 77 � C-�&� -�$� � C-�&� -���                                     (2.8) 

Where f is the carrier frequency in MHz, PL is the path loss in dB and d is the cell range in 
kilometers. From (2.6) we can calculate the path loss and we also have the frequency. We can 
now calculate the distance “d”, which is the sector range from (2.9). 

                � 
  
�)2�4&� - (�4��� 3 BC. 77

C- .
$                                                               �2.9� 

Other propagation models can also be used for distance calculation e.g. Okumura-Hata model 
is used in the frequency range from 500MHz to 2000 MHz and by using this model we can find 
the distance as  

�E�2� 
 �)2�4&� -F��4 3 GH. II 3 CG.  G �&� -�$5JK� �  B. ,C�&� -�E�� � ��E=� 3
                �! / �77. H 3 G. II �&� -�E��!L                                                                        (2.10) 

Where PL is the path loss, MNOP is the frequency in MHz, QR is the base station height in 
meters, QS is the mobile antenna height in meters. T�QS� TUV W are environmental 
characteristics as described in table 2.6. 
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Type of Area a(hm) K 

Open 
 

�1.1XYZ[\�MNOP� 3 0.7!
3 �1.56XYZ[\�MNOP� 3 0.8! 

4.78�XYZ[\�MNOP�!`
3 18.33XYZ[\�MNOP�
� 40.94 

Suburban 2�XYZ[\�MNOP/28�!` � 5.4 

Small City 0 

Large City 3.2�XYZ[\�11.75QS�!` 3 4.97 0 

Table 2.6: Okumura-Hata environmental parameters [12]. 

Finding the range based on a maximum path loss in other propagation models may require 
iteration of the formulas since the distance cannot be solved explicitly.  

The nominal covered area that a sector provides is estimated by using the cell range “d” as  

                                        a'	� 
 b�C

%=�	' &$ �	c2&'�                                                              �2.11� 

In the WRAP WiMAX capacity calculator user has the option to enter single SNR, Coding rate, 
Rx Sensitivity values or users can enter the range of values. Table 2.7 shows the Base station 
and Subscriber Unit [SU] parameters that will be used for the calculation of the sector range.  
Other parameters will also be used depending upon the propagations models such as 
environmental characteristics etc.                            

 

 

 

 

 

 

 

Table 2.7: Base Station and Subscriber Unit parameters [2] [13]. 

2.8 Mobile WiMAX Quality of Service    

In previous sections we have examined various overheads that influence the channel 
bandwidth. After removing all of them we can achieve the usable data rate. The remaining 
channel bandwidth is helpful to determine the service capacity with required QoS. Mobile 
WiMAX provides the QoS requirements to a range of applications and data services. We will 
explain the following service flows related to each application supported by WiMAX. The two 
major traffic rates are the Reserved Traffic Rate and the Sustained Traffic Rate. Reserved 
Traffic Rate is the committed information rate for the flow.  It is the data rate that is 
unconditionally dedicated to the flow and directly subtracted from maximum channel rate to 
calculate the remaining capacity. The Sustained Traffic Rate is the peak information rate the 

Base station Parameters Subscriber Unit Parameters 

BS Height Meters SU Height Meters 

BS Antenna gain dBi SU Antenna gain dBi 

BS Frequency MHz SU Frequency MHz 

BS Sensitivity dBm SU Sensitivity dBm 

BS Power dBW SU Power dBW 
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system will permit [1]. We shall explain three basic service flows supported by WiMAX, based 
on above traffic rate allocation. 
 

Constant Bit Rate Service [CBR] has maximum reserved [MR] traffic rate and is suitable for 
applications such as VOIP which has strict latency and throughput requirements.  
 
Variable Bit Rate Service [VBR] has a minimum reserved and a maximum sustained [MS] 
traffic rate and is used for the applications that generate fluctuating traffic load such as Video 
streams. 
 
Best Effort Service [BE] is used for the service flows with the minimum QoS demand. 
Suitable for service such as web browsing and file transfer. The required traffic is sent after 
satisfying the other guaranteed service types. 
 
Figure 2.9 shows channel bandwidth partitioning based on above service flows. 
 

                                          
 

Figure 2.9: Channel Bandwidth Partitioning [8]. 

Several applications are supported by Mobile WiMAX but the WiMAX forum has defined the 
following five major classes: 
 
1- Multiplayer interactive gaming  
2- VoIP and Video Conference  
3- Streaming Media  
4- Web browsing and instant messaging  
5- Media content downloading 
 
The first class is classified in the VBR services and it needs a minimum reserved data rate of 50 
kbps for each user. The second lies in CBR with 32 kbps data rate for each user. Streaming 
media is classified into VBR with reserved data rate of 64 kbps and the last two are classified 
under BE service type. Web browsing is assigned the nominal data rate of the user. These 
parameters are important for capacity estimation of a particular base station and dependent on 
user demands. We are assuming the information in Table 2.8 to estimate the capacity of a 
sector. The weight can be changed depending upon the provided services by operators. 
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Application Data rate[kbps] Percentage [%] 

Multiplayer interactive gaming 50 10 
VoIP and Video Conference 32 60 
Streaming Media  64 10 
Web browsing and instant messaging Nominal 10 
Media content downloading BE 10 

 
Table 2.8: Application distribution assumption for the calculation of a sector’s capacity. 

In our capacity calculation algorithm we consider the following two important measures to 
achieve the required QoS. 
Contention Ratio [CR] Absolute peak demand on shared resources rarely occurs because all 
users do not demand resources at the same time. This user simultaneity is defined as contention 
ratio. Typically contention ratio 10 to 20 is used among operators. 
Over Subscription Ratio [OSR] is the total subscribers’ demand over the reference capacity 
of the base station while AMC is taken into account. OSR is also called overbooking [8]. The 
reference capacity is the bit rate while using the lowest modulation scheme and can be obtained 
as  
 

                                           �'	$ 
 ����	�
C��

                                                                  �2.12� 
                                                          
Where FFT used is the number of data subcarriers and Ts is symbol duration. The total demand 
capacity can be calculated by aggregation of the subscribers’, based on their type of service. 
Typical oversubscription ratios are 25-40 for residential service and 10-15 for business service. 
Consider two subscriber classes residential and business that occupy 58% and 42% of all users 
under coverage and have contracted a downlink BE service of rates 512 kbps and 1Mbps 
respectively. Then we can calculate the total capacity and OSR as 
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Where N is the number of users connected to the base station. 
 
According to 4GCounts [9], there are two main subscriber classes worldwide. These are 
business with a fraction of 42.28% and residential with a fraction of 57.72%. Based on the table 
2.8 application distribution assumption we can calculate the minimum traffic demand of the 
users. We are considering two classes (Residential and Business, more classes can be added) of 
the users and the minimum traffic demand for these classes can be calculated as: 
 
 �'	�	'�	� 
 CI % d  I- �   -% d  BC �   C. I% d  G7                                    (2.14 a) 
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The parameters are  
 
D

reserved 
:  Minimum Reserved (Guaranteed) Data-rate for CBR/VBR Applications  

D
shared-R 

: Shared Data-rate for Residential Class users with BE Applications  

D
shared-B 

: Shared Data-rate for Business Class users with BE Applications  

BW
R 

: Residential class subscribers data-rate based on user agreement  

BW
B 

: Business class Subscribers data-rate based on user agreement  

N :     Total number of users connected to the sector  
%N

R 
: Percentage of the residential class subscribers within the area of interest  

CR 
R 

: Contention Ratio for residential class subscribers  

%N
B 

: Percentage of the business class subscribers within the area of interest  

CR 
B 

: Contention Ratio for business class subscribers [6] 
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3 WiMAX Capacity Calculation 

 

In this section we explain an algorithm that calculates the capacity of a WiMAX sector based 
on previously explained concepts and by removal of overheads. 

3.1 Maximum Subscribers per Sector Determination 

Until now we have defined the complete WiMAX frame structure and important measures or 
factors that affect the estimation of a sector’s capacity of a WiMAX base station. The algorithm 
in figure 3.1 [6] is used to calculate the sector’s capacity in terms of the number of users based 
on above modulation and application distribution assumptions and using the equations derived 
in previous chapters.  

                        

     
 

Figure 3.1: Algorithm to find the Maximum number of subscribers per Sector [6]. 

The algorithm works for both downlink and uplink directions. It takes service and system class 
parameters (explained below) and calculates the minimum demanded data rate and the 
available data rate for a single user. Then it calculates the throughput by an overhead removal 
procedure. The calculation of throughput by overhead removal is explained in the next section. 
Two values are compared and checked if there is enough data rate available. Then the 
algorithm calculates new minimum demands and throughput with number of subscribers 
increased by one. When the minimum demand exceeds the available data rate the algorithm 
stops and gives the total number of subscribers supported by a particular sector.    
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3.2 Throughput Estimation 

The throughput calculation algorithms for the downlink and uplink are presented here. These 
algorithms calculate the throughput by removal of all overheads as explained in previous 
sections. Modulation distribution [table 2.4] and application distribution [table 2.8] 
assumptions are used in order to calculate the actual throughput. In the OFDM specification the 
allowed frame sizes are: Tf = {2.5, 4, 5, 8, 10, 12.5, 20 ms} [8]. DL and UL sub-frames ratios 
are separated with an 11.4 µs transmission gap. The following two sections explain the algorithm 
and their parameters in detail.  
     
3.2.1 Downlink 

As shown in figure 3.2 there is a complete algorithm for the DL data rate calculation. At first it 
calculates the maximum available data rate and then takes the OFDMA frame parameters one 
by one. These parameters place overhead on the frame and affect the capacity. The algorithm 
calculates the available DL data rate by removing the overheads step by step.  
In the first column the user is asked to enter the channel bandwidth along with some other 
parameters which provide information about the number of sub-carriers. So after taking 
channel bandwidth, cyclic prefix index G, DL UL ratio and modulation distribution 
information, the first available data rate [DR1] is calculated by using (2.1). G is the ratio of 
Tg/Tb that is used to calculate the OFDM symbol duration time Ts. The DL/UL ratio is used to 
calculate the available data rate in each direction. The WiMAX profile supports DL/UL ratios 
ranging from 3:1 to 1:1 to accommodate different traffic profiles [1]. A range of DL/UL values 
can be entered in WRAP even though they are not supported in current Mobile WiMAX 
release-1. Total bandwidth is shared between DL and UL so in order to find data rate in 
downlink direction DR1 should be multiplied with �4/��4 � f4� and with f4/��4 � f4� 

for UL. As explained in the previous section the modulation distribution should be presented in 
order to calculate an average capacity of a sector. In the second column we need to find out 
how many complete symbols NS-DL there are in the downlink sub-frame TDL. 
 

                                                     %8e�4 
  ���4e���
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                                                       �3.1) 

 
Where ��4 
 �4/��4 � f4��$ and Tf = {2.5, 4, 5, 8, 10, 12.5, 20 ms} and Tg= 11.4 µs are 
used in Mobile WiMAX. We can now calculate the remaining data rate by removing wasted 
incomplete ending symbol by  
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DL preamble is used for synchronization purpose which is another overhead and needs to be 
removed. The remaining available data rate is  

 
                                              ��B 
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Minimum Allocation Unit [MAU] is the smallest two dimensional quantum of frequency and 
time that can be allocated for sending data across the channel. It is also used in packet 
mismatch errors [6]. WiMAX supports different applications and sometimes only a small 
amount of data needs to be sent. So the packet size varies and can be as small as MAU. MAU 
can be calculated as 
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Where Nc is coded block size in bytes and OCR is coding rate. N
channels in the bandwidth. Figure
rate by overhead removal. 

         
Figure 3.2 

Frame Control Header is another overhead equal to one MAU and
subscribers within the coverage area are receiving it.
broadcasts information to Mobile stations so that they can know which subcarriers
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Figure 3.3: MAC PDU frame structure [6]. 
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Once the average data rate per sector is calculated and the cell range has been found in DL and 
UL directions, we can find the total traffic supported by a base station. As long as the 
simultaneous traffic demand is less than the total capacity of a base station, the system is able 
to support the traffic of the specific area. When the demanded traffic exceeds the base station 
capacity, the system becomes capacity limited and a new base station needs to be added [13].   
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4 System Implementation 
 

 
In this chapter we presented the system design interfaces of the WiMAX capacity calculator.  
 

4.1 Introduction  

As we have already explained the capabilities of WRAP to find the capacity of a WiMAX 
network was not sufficient. The older WRAP calculator did not support WiMAX properties 
such as OFDMA parameters, adaptive modulation and coding rate and multiple applications. 
The older WRAP’s Radio calculator is presented in figure 1.2. Now we have an overview on 
Mobile WiMAX as explained in previous chapters and we have also analyzed formulas and 
algorithms to estimate the capacity and the coverage of a WiMAX sector. Those are 
implemented in WRAP WiMAX calculator.   
 

4.2 System Design Interfaces  

A WiMAX capacity calculator has been implemented in WRAP. It uses OFDMA parameters, 
BS parameters and SU parameters to estimate the data rate and range of a particular sector. 
Results are presented in the form of minimum and maximum data rates for a subscriber and its 
maximum distance from the Base station. Figure 4.1 shows the interface of the current WRAP 
WiMAX capacity calculator. 
     

 
Figure 4.1: WRAP’s WiMAX Capacity Calculator. 

As can be seen in figure 4.1 we have categorized OFDMA parameters into system and service 
classes. The Service class parameters include subscriber class, demanded data rate, percentage, 
the contention ratio and the over-subscription ratio. The System class parameters include 
channel bandwidth, DL/UL sub-frame ratio, cyclic prefix rate and DL/UL traffic ratio, PDU per 
data burst and connections per PDU and OSR. Planning margin is discussed in the section 2.7. 
We use properties of the Base station and of the Subscriber Unit such as their height, power, 
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antenna gain, propagation model and frequencies. Base station and Subscriber unit are 
selectable within WRAP as shown in figure 4.2 and figure 4.3 respectively. 
 

                  
Figure 4.2 Base Station selection Interface 

                  
Figure 4.3 Subscriber Unit selection Interface 



 31 

                                  
          

Figure 4.4: Modulation Distribution Interface. 
 

We have discussed in previous chapters that WiMAX supports different applications and it uses 
different modulation schemes so that for the prediction of a sector’s capacity we must have a 
modulation distribution and an application distribution. Application and Modulation 
distributions are available in tabulated forms and can be changed. Figure 4.4 presents the 
tabulated modulation distribution, used in the WiMAX calculator. The calculator has a choice 
for the operator to select the single values of SNR, receiver sensitivity and modulation and 
coding rate or the tabulated values of SNR, receiver sensitivity and modulation and coding. The 
defined receiver sensitivity values are used as the required received signal level when 
establishing the maximum range of the sector [10]. Figure 4.5 presents the tabulated form of 
different applications, their data rate and the weight. These values can be changed according to 
user needs.  

 

 
Figure 4.5: Application Distribution Interface. 

The selection of non-terrain dependent propagation models is possible as shown in figure 4.6.  
WRAP already has many propagation models but for the capacity calculator the non- terrain 
dependent models are used such as the Free-space, Longley-Rice, and Okumura-Hata/COST-
231 Hata, COST-231 Walfish-Ikegami and SUI as described in the section 2.7. 
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       Figure 4.6: WRAP’s Non-terrain dependent propagation models. 
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5 Results: WiMAX Capacity and Coverage 
Calculations in WRAP 

 
In this chapter we presented examples by using WRAP capacity calculator and evaluator. 
 

5.1 WRAP WiMAX Capacity Calculator 

WRAP’s WiMAX capacity calculator as shown in figure 4.1 has many parameters. These 
parameters are used to calculate the number of subscribers and the coverage area of a sector. 
The results are presented in tabular form as shown in figure 4.1, where the operator can enter 
the BS antenna gain and the number of sectors on a particular base station. The results include 
the minimum and maximum data rates (based on modulation type), available data rates, the 
numbers of users (a sector can handle to fulfill the demand) and the cell range. Three examples 
are treated with WRAP’s WiMAX capacity calculator and the results are analyzed. We use the 
following set of values as a first example 

 

Example 1: 

 

OFDMA Service Class parameters: 

 

Subscriber class Data rate(kbps) Percentage (%) Contention Ratio 
Residential 512 60 30 
Business 2000 40 10 
 
Over Subscription Ratio (OSR) = 50, Frame length = 5ms 
 

OFDMA System parameters: 
 
Channel bandwidth (MHz) = 5  
Subframe ratio (DL/UL) = 3/1 
Cyclic prefix rate =   8 
DL/UL traffic ratio =   4 
PDUs per data burst =   2 
Connections per PDU =  2 
 

Results: 
 
By pressing the calculate button the results can be seen in the result panel. Taking into account 
the above parameters the WiMAX calculator shows in figure 5.1 that a sector can support a 
total of 75 mixed users based on the modulation and application distribution assumptions. The 
peak data rate is 9084.55 kbps which decreases to 5307.54 kbps when the number of users 
reaches maximum. Minimum demand for the last user to be supported is 5199.30 kbps.  
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Figure 5.1: Number of user estimation. 

 

Example 2: 

 

OFDMA Service Class parameters: 

 

Subscriber class Data rate(kbps) Percentage (%) Contention Ratio 
Residential 700 45 30 
Business 2500 55 10 
 
Over Subscription Ratio (OSR) = 50, Frame length = 5ms 
 

OFDMA System parameters: 
 
Channel bandwidth (MHz) = 5  
Subframe ratio (DL/UL) = 3/1 
Cyclic prefix rate =   8 
DL/UL traffic ratio =   4 
PDUs per data burst =   2 
Connections per PDU = 2 
 

Results: 
 
In this example we increase the demand data rate. Taking into account the above parameters the 
WiMAX calculator shows in figure 5.2 that a sector can support a total 50 of the mixed users 
based on the modulation and application distribution assumptions. Peak data rate is 9084.55 
kbps which decreases to 6591.68 kbps when the number of users reaches maximum. Minimum 
demand for the last user to be supported is 4967.80 kbps. This example shows that if a user 
demands high data rate then there is a decrease in the total number of users, supported by a 
sector.  
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Figure 5.2: Affect of high demand services on throughput. 

Example 3: 

 

OFDMA Service Class parameters: 

 

Subscriber class Data rate(kbps) Percentage (%) Contention Ratio 
Residential 700 45 30 
Business 2500 55 10 
 
Over Subscription Ratio (OSR) = 50, Frame length = 5ms 
 

OFDMA System parameters: 
 
Channel bandwidth (MHz) = 10  
Sub-frame ratio (DL/UL) = 3/1 
Cyclic prefix rate =   4 
DL/UL traffic ratio =   4 
PDUs per data burst =   2 
Connections per PDU = 2 
      
Results: 

 
In this example we use the channel BW equal to 10 MHz. Taking into account the above 
parameters WiMAX calculator shows in figure 5.3 that a sector can support a total 102 of the 
mixed users based on the modulation and application distribution assumptions. The peak data 
rate is 18594.42 kbps which decreases to 16034.31 kbps when the number of users reaches 
maximum. Minimum demand for the last user to be supported is 10134.31 kbps. This example 
shows that high channel bandwidth will increase the total number of users which can be 
supported by a sector.  
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Figure 5.3: Throughput using 10 MHz channel bandwidth. 

Figure 5.4 summarizes that the increase in a total number of users, decreases the available data 
rate. 
 

                
Figure 5.4: Data rate and number of users. 

As we have already discussed in the section 2.7, a sector range and the nominal area is 
calculated by using different propagation models. Figure 5.5 shows a sector range and covered 
area, using Okumura-Hata/COST-231 Hata propagation model, with antenna gain 2dBi each. 
This gives us an estimation of the data rate available at a particular distance from the base 
station and the nominal covered area by a sector based on modulation and coding rate used by 
base station.  
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Figure 5.5: Covered area of a WiMAX base station with 6 sectors. 

Figure 5.6 shows an important relation; the data rate is decreased with an increase of the 
distance from the Base Station.  
 
  

 
                           Figure 5.6: Data rate and Distance from the Base Station. 
 
WiMAX base stations control the modulation scheme dynamically. Customers with the longer 
distance from the base station are served with low order modulation level and with low data 
rate. The customers with short distance are served with high modulation level and with high 
data rate. Figure 5.7 summarizes the results from WRAP’s WiMAX calculator and shows the 
available data rate with the specific modulation and coding at a particular distance from the 
base station.   
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Figure 5.7: Data rate and Modulation and Coding rate. 

5.2 WRAP WiMAX Capacity Evaluator 

We can also analyze the WiMAX sector’s capacity by using the current WRAP traffic capacity 
planning tool and the newly derived algorithm and equations for the WiMAX capacity 
calculations. The new WiMAX capacity evaluation tool includes five different types of 
subscribers (applications). It uses the previously developed Traffic map tool and Subscriber 
tool but with five different subscribers type as shown in figure 5.8. Gaussian (in circular areas) 
or uniform distribution of subscribers can be used in the desired area. The WiMAX base station 
properties are considered to find the best server within the desired area. 
 

 
Figure 5.8: WRAP Traffic map tool 
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After setting the calculation type, traffic map and other parameters WRAP’s capacity evaluator 
(same as shown in figure 1.3) presents the result for each base station.  Figure 5.9 shows that 
the Information tab in Edit Result dialog presents the number and the type of subscribers 
supported by each base station. The last column shows the sum of all five different types of 
subscribers within the best server area.  
 

          
Figure 5.9: WRAP WiMAX Capacity evaluation result. 

The parameters tab takes the OFDMA parameters and is similar to the WRAP’s capacity 
calculator as shown in figure 4.1. The remaining tabs are the same as explained in section 1.5 
but this time they are dependent on the OFDMA frame structure. The presentation tab allows 
selection of various parameters to display in the map viewer, the best server map for the 
WiMAX network is shown in figure 5.10. A different colour identifies the best covered area by 
each base station.                     

                                                                   

Figure 5.10: Best Server map for WiMAX network. Propagation model Longley-Rice [4]. 
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As a summary, the planning procedure when establishing a new network by using WRAP is 
typically the following: 
 

1. Use the WiMAX Traffic Calculator to iterate and find suitable cell ranges and 
sectorization to serve the anticipated traffic load. 

2. Plan the base stations, with their sectors, at suitable locations with a separation of 
maximum twice the cell range for the traffic types to be served. The base stations can be 
placed manually by the user of WRAP, or automatically using the Cost and Coverage 
Optimiser tool. 

3. Prepare traffic maps that describe the subscriber types and geographical distribution. 

4. Run WRAP’s Traffic Capacity tool with the WiMAX enhancements and analyze the 
results to see where sectors may be overloaded or have too much capacity. Make 
adjustments such as moving base stations, change sectorization, use higher gain/lower 
gain antennas, adjust the antenna tilt etc. to achieve the appropriate performance of the 
sectors. 
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6 Conclusion and Discussion 

 

WiMAX provides high speed data rate on longer distances. OFDMA sub-channelization is a 
powerful technique used by WiMAX. It provides high scalability and support to a number of 
applications including voice, data and video streaming. The adaptive modulation and coding 
scheme is a powerful technique that WiMAX is using to provide the desired data rate on longer 
distances. It provides the desired QoS requirements to a range of applications and data services. 
Due to dynamic allocation of different modulations and coding rates the channel capacity 
varies depending on link conditions. This becomes a real challenge when attempting to predict 
the overall capacity of a WiMAX base station in advance. WiMAX TDD frame structure 
placed overhead along data and overhead removal method is used to estimate exact available 
data rate. For the estimation of the average capacity we need to assume a modulation and an 
application distribution within the area of interest. With an increase of the distance from the 
base station the data rate is decreased while users near the base station experience high data 
rate. The WiMAX base station controls this by dynamic changing the modulation scheme. 
Customers with longer distance from the base station are served with low order modulation 
level and with low data rate and customers near the base station are served with high order 
modulation level and with high data rate. Packing, Fragmentation, Channel allocation, 
Scheduling, Quality of Service, Security and Mobility management are done on the MAC layer.  
Frequency reuse factor, Smart antenna technique, Mobility and Power management make 
WiMAX more powerful to provide the high throughput and more coverage. By using WRAP’s 
WiMAX capacity calculations, one can estimate and optimize the capacity of a network.  
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