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Abstract— Students, researchers, system engineers and 

operators shows significant interest in the appearance of 

WiMAX because of wide used in wireless communications. 

Now-a-day, tremendously increased broadband services so 

that the WiMAX has been tipped to bring a revolution in the 

field. The WiMAX can also be considered to be the main 

technology in the implementation of other networks like 

wireless sensor networks. To make the standard flexible and 

adaptable to different frequency ranges, IEEE 802.16e PHY 

layer modified by WiMAX forum. The PHY layer specifies 

some mandatory features and some optional features to be 

implemented to provide a reliable end-to-end link. This 

paper shows WiMAX system model, WiMAX Physical 

layer and OFDM technique. 
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I. INTRODUCTION 

WiMAX is an acronym for Worldwide Interoperability for 

Microwave Access [1]. It is referred to as a protocol that 

provides fixed and mobile internet access. The name 

“WiMAX” is created by a WiMAX Forum that was formed 

in 2001, which is a body responsible to promote conformity 

(Acting according to certain accepted standards) and 

interoperability (the ability to exchange and use information 

(usually in a large heterogeneous network made up of 

several local area networks)) of the standard[2]. WiMAX 

original focus was on fixed radio location and is based upon 

IEEE standard 802.16-2004 specification. This has been 

revised since its original development. Another type of 

WiMAX is described in the IEEE 802.16e-2005 

specification and is known as mobile WiMAX [3]. The 

differences between the two types of WiMAX networks is 

that fixed WiMAX employs a High gain-low portability uni-

directional antenna at user’s end and it provides a limited 

broadband access while mobile WiMAX takes the wireless 

broadband to much greater coverage area because it 

employs Low gain-high portability omni-directional 

antennas at user’s end in flash drive size modem [3]. Mobile 

WiMAX network implementation requires similar 

telecommunication infrastructure to that of voice 

communication networks (GSM, CDMA). About 592 

WiMAX (fixed and mobile) networks have been deployed 

in 148 counties [4]. In Africa few countries have their own 

deployments of mobile WiMAX networks and those are 

Zimbabwe, Broadlands networks operates a mobile WiMAX 

network using Huawei Technologies equipment covering 

Harare, Bulawayo and Gweru, they have also acquired the 

pre-802.16m WiMAX equipment which is being tried in 

Harare whereas Bulawayo and Gweru has it up and running. 

In Tanzania Startel also known as raha.com operates a 

WiMAX network in the Dar-es-salaam city using Airspan 

[5]. The growth in the use of the information networks lead 

to the need for new communication networks with higher 

data rates. 

The telecommunication industry is also going to 

change, with a require for a better range of services, such as 

video conferences, or applications with multimedia contents, 

wireless communication has permeated nearly all acts of 

human life. WiMAX is a 4G technology[6][7] and wireless 

communications standard designed to provide 28to 40 in 

megabit-per-second data rates. Main aims in wireless 

communications are one of the error-free transmission. With 

the increase in multimedia applications, a large amount of 

data is being transmitted over wireless communications. 

This requires error free transmission more than ever and to 

achieve error-free transmission multiple antennas can be 

implemented on both stations i.e. base station and user 

terminal with the proper modulation scheme and coding 

technique. For high speed, secure, sophisticate and last mile 

broadband services along with a cellular back haul and Wi-

Fi hotspots the next generation broadband wireless 

technology used which called as WiMAX. Development of 

WiMAX [7]formed from few years ago when engineers and 

scientists felt the need of having a wireless Internet access 

and services which works well everywhere especially the 

rural areas or in those areas where it is hard to establish 

wired infrastructure and economically not feasible. We also 

know that, IEEE Wireless-MAN is refer as IEEE 802.16 

which expored both unlicensed and licensed band of 2-66 

GHz which is standard of fixed wireless broadband and 

included mobile broadband application. WiMAX 

forum[8][9], a private organization was formed in June 2001 

to coordinate the components and develop the equipment 

those will be compatible and inter operable. After numerous 

years, in 2007, Mobile WiMAX equipment 

[10][11][12]developed with the standard IEEE 802.16e got 

the certification and they announced to release the product 

in 2008, providing mobility and nomadic access. Orthogonal 

Frequency Division Multiple Access (OFDMA) [14]offers 

many interfaces. Out of that the IEEE 802.16e is air 

interface. The main aim of Orthogonal Frequency Division 

Multiple Access is to give better performace in non-line-of-

sight environments. 

In this paper, section 2 shown literature survey, 

Section 3 described the features of WiMAX,OFDM 

Overview studied in the section 4, Section 5 shown WiMAX 

PHY layer, and at last Conclusion described in section 6. 

II. LITERATURE SURVEY 

In recent years, there has been a rapid growth in various 

wireless networks. Along with it, there is a multifold 

increase in demand for wireless data services and 

multimedia applications. To meet the growing demand and 

provide better services, there has been a lot of research in 

this field. In this session, a brief summary of current work in 

this field is presented. 

Guerin and Peris [15] studied basic  mechanisms 

and directions for providing Quality of Service in packet 



Survey on WiMAX 802.16e OFDM PHY Layer 

 (IJSRD/Vol. 5/Issue 04/2017/340) 

 

 All rights reserved by www.ijsrd.com 1371 

networks. They have investigated control path mechanisms 

that are needed to allow the users as well as network to 

agree on service definition and data path mechanisms which 

will enable to provision of differentiated services. These 

concepts have been adapted into IEEE 802.16 standard in 

providing the QoS support. Chu et al. [16] proposed QoS 

architecture for the MAC protocol of IEEE 802.16 BWA 

system. It includes the traffic classifier, the SS's upstream 

scheduler and the BS's upstream and downstream 

schedulers. The architecture that provides QoS guarantees 

for 802.16 systems is based on priority scheduling and 

dynamic bandwidth allocation. It also proposes efficient 

scheduling strategy for the schedulers.   Wongthavarawat 

and Ganz [17] present an integrated scheduling algorithm 

and an admission control policy by which the bandwidth is 

allocated among different service classes according to the 

fixed priority of each traffic class strictly. They propose a 

centralized system, where the QoS architecture is based in 

the BS and the scheduling or the admission control 

algorithms are also managed by the BS. 

Nair et al. [18] present the MAC protocols used in 

the WiMAX networks and discuss the types of provisioning 

and Quality of Service (QoS) that can be achieved using the 

features of this MAC protocol to facilitate the WiMAX 

deployments. They cover implementation challenges of the 

WiMAX MAC to achieve QoS goals. A general framework 

of a cross-layer network-centric solution is presented by 

Zhang et al. [19]. They have described the recent advances 

in network modeling, QoS mapping and QoS adaptation in 

term of providing end-toend QoS for video delivery over 

wireless internet.  

Alavi et al. [20] present an inclusive QoS 

architecture for IEEE802.16 standards. The architecture 

supports QoS mechanisms in IEEE 802.16 standards. They 

contend that although the IEEE 802.16 standard defines 

different mechanisms to provide QoS requirements, the 

challenge lies in developing efficient design to meet those 

requirements. This makes providing QoS, a challenging 

issue. To overcome this issue, they put forward a design 

approach to implement the proposed architecture for all 

kinds of traffic classes defined in the standard. QoS support 

in IEEE 802.16 networks has been covered by Cicconetti et 

al. [21]. They have evaluated performance of the networks 

using a prototypical simulation for IEEE 802.16 protocol. 

An analysis and discussion of the performance of the five 

scheduling algorithms, namely UGS, ertPS, rtPS, nrtPS and 

BE, is discussed by Lee et al. [22]. Through the analysis of 

resource utilization efficiency and VoIP capacity, they have 

identified some of the bottlenecks in Unsolicited Grant 

Service (UGS) and real-time Polling Service (rtPS). The 

performance of UGS suffers due to waste of uplink 

resources. In rtPS there is an additional access delay and 

MAC overhead due to bandwidth process in rtPS algorithm 

for delivery of VoIP services.  

Sayenko et al. [23] put forward a paper for 

ensuring the QoS requirements in 802.16 scheduling. They 

describe a scheduling solution for the WiMAX base station. 

The scheduling policy i.e. the algorithm to allocate slots in 

not defined in WiMAX specifications. It is open for 

alternative implementation. Their simulation results reveal 

that the proposed scheduling algorithm ensures QoS 

requirements for all WiMAX service classes. Mai et al. [24] 

put forward a cross-layer QoS framework in the IEEE 

802.16 network. They discussed support mechanisms and 

opportunistic scheduling designs tailored for WiMAX. Two 

novel mechanisms are proposed in the framework for 

performance improvement. A TCP-MAC layer cross-layer 

design has been proposed which maps network layer and 

data-link layer functionalities to provide QoS support in the 

IEEE 802.16d networks.  

Roca [25] defined QoS as an indicator of level of 

performance of the wireless technology or system which can 

be measured by throughput, jitter, delay and packet loss. 

The author built a simulator relying on Network Simulator 

NS-2 to test the QoS parameters using 5 types of services. 

NS-2 doesn’t implement a definitive WiMAX module. 

Thus, modules should be added to NS2 in order to run 

simulations to test WiMAX networks. Some of these 

modules were implemented by National Institute of 

Standards and Technology (NIST) and Distributed Systems 

Laboratory (NDSL). The NIST module implements 

Orthogonal Frequency Division Multiplexing (OFDM) 

while the NDSL module implements Orthogonal Frequency 

Division Multiple Access (OFDMA)[26]. Performance 

analysis of three types of connections defined in the 

WiMAX standard (UGS, rtPS, nrtPS) have been given by 

Ghazal et al. [27]. Different levels of priority and blocking 

probability are assigned to each class of service. This 

performance analysis has been done using an analytical 

model for evaluating admission control (AC) for the 

previous mentioned classes in WiMAX network. The 

probability of blocking of a connection is higher for lower 

priority service classes, while delay of the UGS service class 

is much affected by the increase of the size of a contention 

window. 

Neves et al. [28] addressed the lack of QoS support 

for WiMAX in NS2-NISTsoftware. A QoS framework, 

composed by a packet classification mechanism and a 

scheduler, has been specified and implemented on the 

simulator, providing service differentiation over WiMAX 

networks. Furthermore, in order to validate the developed 

solutions, a set of QoS oriented scenarios have been 

simulated and the obtained results show that the 

implemented model is able to differentiate efficiently 

between the different traffic classes defined in the WiMAX 

model. 

Islam et al. [29] conducted a statistical analysis of 

QoS parameters of mobile WiMAX. Two important QoS 

parameters of VoIP service in Mobile WiMAX network 

were end-to-end delay and jitter. The paper presented the 

statistical analysis for these two parameters. The sampled 

data is analyzed with Chi-Square Goodness-of-Fit Test, 

Kolmogorov-Smirnov and Anderson-Darling test, to verify 

the distribution of parent population and then confidence 

level with minimum number of samples. The authors 

considered about 400 samples for end-to-end one way delay 

and jitter for the analysis. The maximum delay was 63.57 

ms and the minimum delay was 31.77 ms. The maximum 

and minimum values of jitter were 9.8 ms and 0.23ms. 

Though the values were very less but they can be further 

reduced. 

Dai and Zhao [30] proposed schemes for the 

enhancement of the bandwidth request messages. They put 

forward resource allocation and scheduling schemes for use 
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under real-time traffic conditions. The scheme proposed by 

them can be viewed as an extension of the existing WiMAX 

rtPS and ertPS bandwidth request schemes. The bandwidth 

requests, in their solution, are made to carry latency related 

information about the buffered real-time packets. Three 

different schemes have been proposed. Different levels of 

delay-budget information in the bandwidth request messages 

are carried by each of these schemes to the BS. They put 

forward that the bandwidth request scheme with partial 

delay information achieves good real-time performance.  

Talwalkar et al[31] present the general concepts of 

Quality of service (QoS) in wireless networks. The IEEE 

802.16/WiMAX network architecture was presented and the 

MAC layer features that enable end-to-end QoS mechanism 

in the network were discussed. VOIP traffic and video 

streaming traffic was analyzed using a simulation based on 

network simulator, ns-2. The effect of different service 

flows on QoS parameters like throughput, packet loss, 

average jitter and average delay were studied. In general, it 

was observed that the UGS service flow has the least 

overhead in terms of bandwidth request and it is the highest 

in rtPS service flow. It can be concluded from the results 

that the VOIP traffic can be best served with UGS service 

flow. The rtPS service flow is designed for applications such 

as streaming audio and streaming video. During the analysis 

of the video traffic, as the number of nodes increases, rtPS 

service flow comes out to be better than BE service flow for 

average jitter. UGS still has lower packet loss. However, 

UGS service flow does not utilize the network resources 

effectively when the traffic is not constant bit rate traffic. 

The simulation was done for less number of mobile nodes (< 

50). In a study by Mach [32], simulation was performed 

with the aim to compare the different scheduling services 

UGS, rtPS and ertPS. The performance metrics used in the 

simulation were system throughput, delay and signalling 

overhead as a function of traffic load in the system. The 

simulation was done in Matlab and consisted of movement 

algorithms for the SS’s to never move beyond the coverage 

area of the BS’s. The results showed that UGS is not a good 

alternative because overall system capacity tended to 

decrease a lot in its use. When ertPS was in use the best 

results were obtained; system throughput was considerably 

higher, whereas signaling overhead and packet delay were 

smaller in comparison to the other test cases. 

Park [33] put forward an efficient uplink bandwidth 

allocation scheme for real-time services. In order to 

minimize the wastage of bandwidth and provide proper 

QoS, the author proposed a dual architecture and introduced 

the notion of target delay. In the scheme presented, based on 

the amount of bandwidth request, the delay and its variation 

with time (i.e., jitter) are regulated as per the desired level 

for real-time services. The paper proposes a dual feedback 

scheme, which can help in updating the bandwidth request 

for the backlogged data packets in the queue, which could 

have occurred due to the differences in the rates attributed to 

packet arrival and packet servicing. The performance results 

appear to be consistent even for different traffic patterns. 

Sedoyeka et al. [34] evaluated Quality of Service of 

WiMAX in a developing country’s environment also the 

critical QoS parameters delay and throughput 

(packets/seconds) were analysed. The values of the QoS 

parameters were not optimized and lesser number of nodes 

were taken into consideration. 

Delannoy et al. [35] presents QoS estimation 

methods, measurements over WiMAX networks and 

highlights the complexity of this process. The paper presents 

performance measurements in term of achievable rate of an 

operational WiMAX network to evaluate its capability to 

support different types of media transmission. It narrates the 

importance of accurate time synchronization in the 

measurement process which is difficult to achieve and 

therefore proposes a time synchronization method to derive 

end-to end delay measurements with appropriate accuracy. 

An analysis of a location based performance 

scenario was carried out by Jha et al. [36]. They studied 

location based performance of WiMAX network for QoS 

with optimal Base Stations (BS) and critical QoS parameters 

delay and throughput (packets/seconds) were analysed. The 

values of the QoS parameters were not optimized and lesser 

number of nodes were taken into consideration. Rengaraja et 

al. [37] presented an integrated view of E2E QoS support in 

WiMAX and LTE networks, and how the QoS and QoE can 

be monitored by the ISPs. The E2E QoS support includes 

the existing QoS and service assurance supports in WiMAX 

and LTE networks, and the cross-layer works to assure the 

E2E QoS before establishing the applications. This approach 

is useful for the service provider to take a preventive action 

and to ensure service assurance. 

Lin et al. [38] study presents a two-stage game-

theoretic framework for modeling market interactions 

between Ethernet and WSPs for how best to share upstream 

bandwidth at each ONU in an integrated EPON/WiMAX 

network. The results also show that the proposed schemes 

namely, a Stackelberg game (noncooperative market) and a 

coalition game (cooperative market) provides better QoS 

support than the VOB DBA scheme [39]. 

III. FEATURES OF WIMAX 

WiMAX has a set of salient features:  

1) OFDM based physical layer:  

WiMAX is based on orthogonal frequency division 

multiplexing that offers multipath resistance and allow 

NLoS communication. 

2) data rate: 

 WiMAX can support very high peak data rate which is as 

high as 74 Mbps 

3) Quality of service (QoS):  

WiMAX MAC layer is responsible for QoS. WiMAX MAC 

layer support real time, non real time and best effort data 

traffic and its high data rate, sub channelization, and flexible 

scheduling improve the QoS. 

4) Flexible architecture: 

WiMAX architecture is very flexible. It support point to 

point and point to multipoint connection according to its 

requirements. It also supports IP-based architecture that is 

easily converge with other networks and takes advantage of 

application development from the existing IP based 

application. 

5) Mobility support: 

 WiMAX propose optimized handover which support full 

mobility application such as voice over internet protocol 

(VoIP). It has also the power saving mechanism which 

increases the battery life of handheld devices. 
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6) Scalability:  

WiMAX suggest scalable network architecture that support 

user roaming indifferent networks. It also enhances the 

broadband access capability. 

7) Strong Security:  

WiMAX support extensible security feature for reliable data 

exchange. It apply Advanced Encryption Standard (AES) 

encryption for secure transmission and for data integrity, it 

use data authentication mechanism [40,41]. 

IV. OFDM OVERVIEW 

The Orthogonal Frequency Division Multiplexing (OFDM) 

is developed to support high data rate and can handle multi 

carrier signals. Its specialty is that, it can minimize the Inter 

Symbol Interference (ISI) much more compared to other 

multiplexing schemes. It is more likely improved Frequency 

Division Multiplexing (FDM) as FDM uses guard band to 

minimize interference between different frequencies which 

wastes lots of bandwidth but OFDM does not contain inter-

carrier guard band which can handle the interference more 

efficiently than FDM. So, this is the perfect choice for 

WiMAX as it can help to satisfy the requirements of 

efficient use of spectrum and minimize the transmission 

cost. On top of that, OFDM handles multipath effect by 

converting serial data to several parallel data using Fast 

Fourier Transform (FFT) and Inverse Fast Fourier 

Transform (IFFT). 

V. WIMAX PHYSICAL LAYER 

 
Fig. 1: WiMAX Physical Layer 

Physical layer set up the connection among the 

communicating devices as well as is responsible for 

transmitting the bit sequence. It also defines the type of 

modulation, demodulation and transmission power. OFDM 

and OFDMA are the two types of transmission techniques of 

WiMAX 802.16 PHY-layer. Equally of these techniques 

have frequency band below 11 GHz and use TDD, FDD as 

its duplexing technology. WiMAX physical layer is based 

on the OFDM. OFDM gives a good choice of high speed 

data transmission, multimedia communication and digital 

video services. It also maintain very fast data rate in a non 

line of sight condition along with multipath environment. In 

the following paragraph, we give a detailed description of 

the OFDM. The function of the PHY-layer is to encode the 

binary digits that represent MAC frames into signals and to 

transmit and receive these signals across the communication 

media.  Orthogonal frequency division multiplexing having 

WiMAX PHY layer ,which is totally based on OFDM, also 

it used to allow high-speed data, video, and multimedia 

communications and is used by a variety of commercial 

broadband systems. The PHY-layer; shown in Figure1 [42]. 

The various blocks of WiMAX Physical Layer are: 

A. Randomization: 

The Randomizer performs randomization of input data 

which is received from higher layers from a data packet. On 

each burst on each allocation to avoid long sequence of 

continuous ones and zeros. This is formed with a Pseudo 

Random Binary Sequence (PRBS) generator which uses a 

15stage shift register with a generator polynomial of with 

XOR gates in feedback configuration as shown in Fig.2. 

 
Fig. 2: PRBS generator for randomization 

B. Reed-Solomon encoder: 

The Reed-Solomon code property makes them suitable to 

applications where errors occur in bursts. Reed- Solomon 

error correction is a coding scheme which works by first 

constructing a polynomial from the data symbols to be 

transmitted, and then sending an oversampled version of the 

polynomial instead of the original symbols themselves. A 

Reed-Solomon code is specified as RS(n, k, t) with l-bit 

symbols. This means that the encoder takes k data symbols 

of l bits each and adds 2t parity symbols to construct an n-

symbol codeword. . The encoding process for RS encoder is 

based on Galois Field Computations to do the calculation of 

the redundant bits. Galois Field is widely used to represent 

data in error control coding is denoted by GF (2m). 

C. Convolution Coding: 

A convolution code is a type of Forward Error Correction 

(FEC) code denoted by cc (m,n,k), where every m-bit 

information symbol to be encoded is transformed into n-bit 

symbol, where m/n is the code rate (n>m) and the 

transformation is a function of the last k information 

symbols, where k is constraint length of code. It mainly 

handles the random errors in data transmission. 

D. Puncturing Process  

Puncturing is the method of systematically deleting of bits 

from the output stream of a low-rate encoder in order to 

decrease the amount of data to be transmitted, therefore 

forming a high-rate code. The procedure of puncturing is 

used to generate the variable coding rates needed to offer 

various error protection levels to the users of the system. 

The dissimilar rates that can be used are rate 1/2, rate 2/3, 

rate 3/4, and rate 5/6. The puncturing vectors for these rates 

are given in Table I. 
Rate Puncture Vector 

1/2 [1] 

2/3 [1 1 1 0] 

3/4 [1 1 0 1 1 0] 

5/6 [1 1 0 1 1 0 0 1 1 0] 

Table 1: Puncture vectors for different convolutional coding 

rates 
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E. Interleaver 

Block interleaver is interleaved via RSCC encoded data. The 

range of the block is depended on the numbers of bit 

encoded per sub channel in one OFDM symbol.  In IEEE 

802.16, the interleaver is defined by two step permutation. 

The first step ensure that nonadjacent subcarriers which are 

mapped by adjacent coded bits. The nearby coded bits are 

arranged alternately onto less or more significant bits of the 

constellation, thus avoiding long runs of unreliable bits the 

second step of permutation. 

The MATLAB implementation of the interleaver 

was performed calculating the index value of the bits after 

first and second permutation using the following equations: 

The first permutation is defined by the formula: 

mk = (Ncbps/12) * mod(k,12) + floor(k/12). 

The second permutation is defined by the formula: 

S = ceil (Ncpc/2) 

Jk = s × floor (mk/s) + (mk + Ncbps – floor(12×mk/Ncbps)) 

mod(s) 

Where: 

K = Index of coded bit before first permutation 

mk = Index of coded bit after first permutation 

jk = Index of coded bit after second permutation 

Ncpc = Number of coded bits per carrier 

Ncbps = Number of coded bits per symbol 

F. Modulation scheme 

Random values passed through the adaptive modulation 

schemes according to the constellation mapped. Depending 

upon their size and on basis of various nodulation schemes 

the data was modulated as BPSK,Gray-mapped QPSK, 16 

QAM and 64 QAM. According to constellation mapped of 

different modulation techniques the total numbers of bits are 

calculated. 

G. Inverse FFT 

The OFDM symbol intimidation the source symbols to 

execute frequency-domain into time domain. If we chose the 

N number of subcarriers for the system to evaluate the 

performance of WiMAX the basic function of IFFT receives 

the N number of sinusoidal and N symbols at a time. The 

production or final output of IFFT is the total N sinusoidal 

signals and makes a single OFDM symbol. 

H. Cyclic Prefix Insertion 

To reduce the delay due to multipath propagation, cyclic 

prefix is added in OFDM signals and it maintains the 

frequency orthogonality. For to do this, it is added at the 

beginning of the signal before transmitting the signal. The 

effect of echo signals due to presence of multipath delay 

distorted in wireless transmission the transmitted signals. 

The ISI is totally eliminated by the design when the CP 

length L is greater than multipath delay. After the 

performance of Inverse Fast Fourier transform(IFFT) the CP 

,it will add with each OFDM symbol. 

VI. CONCLUSION 

This paper shown WiMAX system for obtaining high speed 

mobile wireless access services and outlined the 

technologies supporting these systems. The performance of 

the WiMAX-PHY layer based on the IEEE 802.16e 

standard, was evaluated and assessed at different: (i) 

modulation schemes; (ii) coding rates; (iii) FEC coding 

schemes, and (iv) noise levels. Also studied the OFDM 

overview for high data rate and can handle multi carrier 

signals .Overviewed the various athors WiMAX 

performance evolution with IEEE 802.16 OFDM physical 

layer. 

REFERENCES 

[1] Wikipedia, “WiMAX”[online] [Accessed on 03/2011] 

available at: http://en.wikipedia.org/wiki/WiMAX 

[2] Wikipedia, WiMAX, ”WiMAX Forum”,[online] 

[Accessed on 03/2011] available at: 

http://en.wikipedia.org/wiki/WiMAX#WiMAX_Forum 

[3] ”Facts about WiMAX And Why Is It” The Future of 

Wireless Broadband””, [online] [Accessed on 03/2011] 

available at: http://www.techpluto.com/WiMAX-in-

detail/ 

[4] Wikipedia, WiMAX, ”Deployments”,[online] 

[Accessed on 03/2011] available at: 

http://en.wikipedia.org/wiki/WiMAX#WiMAX_Deploy

ments 

[5] Wikipedia, “List of deployed WiMAX networks” 

[online] [Accessed on 03/2011] available at: 

http://en.wikipedia.org/wiki/List_of_deployed_WiMAX

_networks 

[6] “Air interface for fixed broadband wireless access 

systems,” IEEE STD 802.16 - 2004, Page(s): 01 - 857, 

October. 2004. 

[7] “The WiMAX Forum.” [Online].Available: 

http://www.wimaxforum.org/ 

[8] H. Holma and A. Toskala, WCDMA for UMTS — 

HSPA, Evolution and LTE, Wiley, 2007. 

[9] WiMAX Forum Network Architecture, rel. 1, vol. 4, 

Feb. 3, 2009. 

[10] Mark C. Wood, “An Analysis of the Design and 

Implementation of QoS over IEEE802.16”.April 2006. 

Available online at 

http://cec.wustl.edu/~mcw2/QoS_over_802_16/QoS_ov

er_802_16.html 

[11] Mobile WiMAX – Part I: A Technical Overview and 

Performance Evaluation, August 2006. 

[12] Qiang Ni, A. Vinel, Yang Xiao, A. Turlikov, Tao Jiang, 

“Wireless broadband access: WiMax and beyond-

investigation of bandwidth request mechanisms under 

point-to-multipoint mode of WiMax networks”, IEEE 

Communications Magazine, vol.45, pp. 132-138, 2007. 

[13] Bo Li, Yang Qin, Chor Ping Low, Choon Lim Gwee, 

“A Survey on Mobile WiMAX”, IEEE 

Communications Magazine, pp. 70-75, December 2007. 

[14] Chakchai So-In, Raj Jain, and Abdel Karim Al-Tamimi, 

“Resource Allocation in IEEE 802.16 Mobile 

WiMAX”, Orthogonal Frequency Division Multiple 

Access (OFDMA), Auerbach Publications, CRC Press, 

ISBN: 1420088246, April 2010. 

[15] R. Guerin and V. Peris, “Quality of Service in packet 

networks: Basic mechanisms and directions”, Computer 

Networks, vol. 31, no. 3, pp.169-189, February 1999. 

[16] GuoSong Chu, Deng Wang, and Shunliang Mei. “A 

QoS architecture for the MAC protocol of IEEE 802.16 

BWA system”, IEEE International Conference on 

Communications, Circuits and Systems and West Sino 

Expositions, vol. 1, pp. 435-439, June 2002. 

http://en.wikipedia.org/wiki/WiMAX
http://en.wikipedia.org/wiki/WiMAX#WiMAX_Forum
http://www.techpluto.com/WiMAX-in-detail/
http://www.techpluto.com/WiMAX-in-detail/
http://en.wikipedia.org/wiki/WiMAX#WiMAX_Deployments
http://en.wikipedia.org/wiki/WiMAX#WiMAX_Deployments
http://en.wikipedia.org/wiki/List_of_deployed_WiMAX_networks
http://en.wikipedia.org/wiki/List_of_deployed_WiMAX_networks


Survey on WiMAX 802.16e OFDM PHY Layer 

 (IJSRD/Vol. 5/Issue 04/2017/340) 

 

 All rights reserved by www.ijsrd.com 1375 

[17] K. Wongthavarawat, A. Ganz, “Packet scheduling for 

QoS support in IEEE 802.16 broadband wireless access 

systems”, International Journal of Communication 

System, vol. 16, Issue 1, pp. 81-96, 2003. 

[18] G. Nair, J. Chou, T. Madejski, K. Perycz, D. Putzolu 

and J. Sydir, “IEEE 802.16 Medium Access Control and 

Service Provisioning”, Intel Technology Journal, vol. 

08, Issue 03, pp. 213-28, August 2004. 

[19] Zhang, Q.; Zhu, W., Zhang, Y, “End-to-End QoS for 

Video Delivery Over Wireless Internet”, Proceedings of 

the IEEE, vol. 93, Issue 1, pp. 123-134, January 2005. 

[20] H.S. Alavi, M. Mojdeh, and N. Yazdani, “A Quality of 

Service Architecture for IEEE 802.16 Standards”, 

Proceedings of 2005 Asia-Pacific Conference on 

Communications, pp.249-253, October 2005. 

[21] Cicconetti, C., Lenzini, L., Mingozzi, E., Eklund, C., 

"Quality of service support in IEEE 802.16 networks", 

IEEE Network, vol. 20, Issue 2, pp. 50-55, March-April 

2006. 

[22] Howon Lee, T. Kwon, D Cho, G Lim, Y Chang, 

“Performance Analysis of Scheduling Algorithms for 

VoIP Services in IEEE 802.16e Systems”, Proceedings 

of the IEEE Vehicular Technology Conference, vol. 3, 

pp. 1231-1235, May 2006. 

[23] Alexander Sayenko, Olli Alanen, Juha Karhula, Timo 

Hämäläinen, "Ensuring the QoS requirements in 802.16 

scheduling”, MSWiM '06: Proceedings of the 9th ACM 

international symposium on Modeling analysis and 

simulation of wireless and mobile systems, October 

2006. 

[24] Yi-Ting Mai, Chun-Chuan Yang, and Yu-Hsuan Lin, 

“Cross-Layer QoS Framework in the IEEE 802.16 

Network”, Proceedings of 9th International Conference 

on Advanced Communication Technology, vol. 3, pp. 

2090-2095, 12-14 February 2007. 

[25] A. Roca, “Implementation of a WiMAX Simulator in 

Simulink”, Thesis Report, February 2007. 

[26] A. Belighith and L. Nuaymi, “WiMAX Capacity 

Estimation and Simulation Results”, Proceedings of the 

Vehicular Technology Conference, May 2008. 

[27] Sahar Ghazal, Lynda Mokdad, Jalel Ben-Othman, 

“Performance Analysis of UGS, rtPS, nrtPS Admission 

Control in WiMAX Networks ”, ICC 2008 proceedings 

of the IEEE Communications Society, pp. 2696-2701, 

2008. 

[28] Pedro Neves, Francisco Fontes, Joao Monteiro, Susana 

Sargento, Thomas M.Bohnert, “Quality of Service 

Differentiation Support in WiMAX Networks”, 2008 

proceedings of IEEE, 2008. 

[29] Mohd. Noor Islam, Mostafa Zaman Chowdhury, Young 

Min Seo, Young Ki Lee, Sang Bum Kang, Sun Woong 

Choi, and Yeong Min Jang, “Measurement and 

Statistical Analysis of QoS Parameters for Mobile 

WiMAX Network”, 10th International Conference on 

Advanced Communication Technology, ICACT 2008, 

pp. 818-822, 17-20 February 2008. 

[30] L. Dai, D. Zhao, “Uplink scheduling for supporting 

real-time voice traffic in ieee 802.16 backhaul 

networks”, Journal of Computer Science and 

Technology, vol. 5, pp. 806-814, September 2008. 

[31] Talwalkar R. and Mohammad Ilyas, “Analysis of 

Quality of Service (QoS) in WiMAX networks”, 

Proceedings of 2008 IEEE ICON, pp. 1- 8, 12-14 

December 2008. 

[32] Robert Bestak, Pavel Mach “Analysis and Performance 

Evaluation of IEEE 802.16 Enhanced with Decentrally 

Controlled Relays”, IWSSIP, 2009. 

[33] E. Park, “Efficient uplink bandwidth request with delay 

regulation for real-time service in mobile wimax 

networks”, IEEE Transactions on Mobile Computing, 

vol. 8, pp. 1235-1249, September 2009. 

[34] Eliamani Sedoyeka, Ziad Hunaiti, Daniel Tairo, 

“Evaluation of WiMAX QoS in a Developing Country’s 

Environment”, Computer Systems and Applications 

(AICCSA), 2010 IEEE/ACS International Conference, 

pp.1- 6, 16-19 May 2010. 

[35] P. Delannoy, H.D. Nguyen, M. Marot, N. Agoulmine, 

M. Becker, “WiMax quality-of-service estimations and 

measurement”, Computer Communications Elsevier, 

vol. 33, pp. S71-S77, 2010. 

[36] Rakesh Kumar Jha, Idris Z. Bholebawa, Upena D. 

Dalai, “Location Based Performance of WiMAX 

Network for QoS with Optimal Base Stations (BS)”, 

Wireless Engineering and Technology, vol. 2, pp. 135-

145, 23-24 March 2011. 

[37] Perumalraja Rengaraju, Chung-Hornglung, F. Richard 

Yu, Anand Srinivasan, “On Qoe Monitoring Ande2e 

Service Assurance In4g Wireless Networks” IEEE 

Wireless Communications, pp. 89-96, August 2012. 

[38] Hui-Tang Lin, Ying-You Lin, “Intra-ONU Bandwidth 

Allocation Games in Integrated EPON/WiMAX 

Networks”, Journal of Optical Communication 

Networks, vol. 5, no. 6, pp. 609-620, June 2013. 

[39] K. Yang, S. Ou, G. Ken, and H.-H. Chen, 

“Convergence of Ethernet PON and IEEE 802.16 

broadband access networks and its QoS-aware dynamic 

bandwidth allocation scheme,” IEEE Journal on 

Selected Areas in Communications , vol. 27, no. 2, pp. 

101–116, February 2009. 

[40] F. Ohrtman, “WiMAX Handbook: Building 802.16 

Wireless Networks,” McGraw-Hill, 2008. 

[41] G. Jeffrey, Ph.D. Andrews," Fundamentals of WiMAX: 

Understanding Broadband Wireless Networking 

,Feb.2007 

[42] M.A. Mohamed, M.S. Abo-El-Seoud, H.M. Abd-El- 

Atty “Performance simulation of IEEE 802.16e 

WiMAX physical layer” Information Management and 

Engineering (ICIME), 2010 The 2nd IEEE International 

Conference on April 2010, ISBN: 978-1- 4244-5263-7, 

pp. 661 - 668, April 2010 


