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ABSTRACT 

In this project the idea is to design and synthesize reduced complexity and resource utilization based address 

generator unit for deinterleaver block in WiMAX transceiver. The IEEE 802.16e standard, commonly known as 

mobile WiMAX, is the latest technology that has promised to suggest broadband wireless access over long 

distance.The floor function implementation, required for the permutation of the incoming bit stream in channel 

interleaver/deinterleaver for IEEE 802.16e standard is very difficult in FPGA. Modulation techniques like 

QPSK, QAM technique and all possible code rate is used proficiently for address generation in 

interleaver/deinterleaver of WiMAX transceiver. Address generation in Interleaver/deinterleaver is synonymous 

to encoding a data in a non continuous order.This approach is more significant than FSM, LUT technique 

prevalent in IEEE 802.16e. Reducing the floor function by modified mathematical relations and effective 

utilization of resources like adder, multiplier, flip flops, multiplexers etc. ensures fast reliable accessing of data. 

The proposed approach has been written in HDL and synthesized in Xilinx ISE design suite 14.4. We have 

observed that frequency is improved and resource utilization is reduced. 

 

Keywords: Worldwide interoperability for microwave access (WiMAX),Broadband wireless access 

(BWA)Time Division Duplexing (TDD), Frequency Division Duplexing (FDD), Amplitude shift 

keying (ASK), Phase shift keying (PSK)  

 

I.INTRODUCTION 

 

Wireless technology is growing very fast compared to wired technology. IEEE has developed standards for 

mobile broadband wireless access (IEEE 802.16e) popularly referred to as mobile WiMAX. The channel 

interleaver used in the WiMAX transceiver plays an important role in minimizing the effect of burst error. 

A less-complex, high-speed, and resource-proficient address generator for the channel deinterleaver used in the 

WiMAX transceiver removing the requirement of floor function is proposed. Very little works related to 

hardware implementation of the interleaver/deinterleaver used in a WiMAX system is available in the literature. 

The existing work[3] explains the grouping of received data streams into the block to reduce the frequency of 

memory access in a deinterleaver using a conventional look-up table (LUT)-based CMOS address generator[4] 
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finite-state machine (FSM)-based address generation[5] for WiMAX with only a 1/2 code rate in IEEE 802.16e 

including different Modulation Schemes.  

Asghar and Liu [6] have made 2-D translation of the functions in WiMAX channel deinterleaver to claim 

efficient hardware architecture. However, the derivations do not clearly explain the design issues, particularly 

for64-quadrature-amplitude-modulation (QAM).Hardware implementation of floor function is very complex 

and consumes abnormally large amount of resources. Conventional LUT-based technique is found to be 

unattractive from many aspects such as slowness in operation, consumption of large logic resources leading to 

inefficiency in resource utilization, etc. A comparative study with a LUT-based technique confirms the 

superiority of our proposed design. As compared with the complicated and lengthy expressions, particularly 

for16-QAM and 64-QAM, due to the 2-D translation, a compact and user-friendly mathematical representation 

and subsequent algorithm is proposed. Proposed algorithm when realized by digital hardware results in less-

complexity architecture for the address generator compared with previous technique.  Design is compressed, by 

sharing the common hardware between the modules for quadrature phase-shift keying (QPSK),16-QAM, and 

64-QAM. In this work, use of FPGA‘s embedded multiplier provides performance improvement by reducing 

interconnection delay, efficient resource utilization, and lesser power consumption compared with a 

configurable logic block-based multiplier.  

 

II. IEEE 802.16E STANDARD 

 

IEEE802.16e standard is nothing but mobile WiMAX defined by WiMAX forum. WiMAX stands for 

Worldwide Interoperability for   Microwave Access Support for both fixed and mobile wireless broadband. 

WiMAX has the ability to provide service even in areas that are difficult for wired infrastructure to reach and 

the ability to overcome the physical limitations of traditional wired infrastructure. WiMAX forum was formed 

in April 2001, in expectation of the publication of the original 10-66 GHz IEEE 802.16 condition. A 

certification that denotes interoperability of equipment built to the IEEE 802.16e compatible standard. The IEEE 

802.16 Working Group develops two type models: 

• Fixed BWA (IEEE 802.16-2004) – 2 – 11 GHz. 

• Mobile BWA (IEEE 802.16e) ¬ 2 – 6 GHz. 

Advance Features of WiMAX 

1. OFDM-based physical layer. 

2. High data rate. 

3. Adaptive modulation and coding. 

4. Multiple-antenna techniques. 

5. Quality of Service support. 

6. Support both TDD and FDD. 

7. IP-based architecture. 

WiMAX technology is a next generation of Wi-Fi ―wireless fidelity‖ technology.  WIMAX ―Worldwide 

Interoperability for Microwave Access‖, technology uses OFDMA technique and Wi-Fi uses CDMA technology. 

It uses OFDMA in the downlink and single carrier frequency division multiple access (SC-FDMA) in the uplink. 

OFDMA technologies improve spectral efficiency by spreading the signal over multiple orthogonal sub-
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channels at a lower symbol rate. This process reduces the inter symbol interference by capitalizing on multipath 

signals while simplifying channel equalization. OFDMA also increases spectral efficiencies by not requiring 

guard bands in channel bandwidths of 10 MHz or greater. It also supports more bits per hertz than HSPA 

technologies. IEEE 802.16 is a series of Wireless Broadband standards specified by the IEEE for global 

deployment of broadband Wireless Metropolitan Area Networks [12].    

WiMAX is the right choice for the following cases: 

• Offering broadband wireless internet access in the remote places without Digital subscriber line (DSL), 

cable, fibre optic access. 

• Enabling portable wireless broadband connection between cities and even countries. 

• Wireless backhaul technology for 2G, 3G and 4G cellular networks. 

Broadband wireless growth has seen most remarkable growth in telecommunication industry. Broadband access 

in telecommunication industry is worth more than $400 million today.  

Interoperability: 

The IEEE 802.16 standard is internationally accepted and the standard is maintained and certified by WiMAX 

forum which covers fixed, portable and mobile deployments and giving the user the freedom to choose their 

product from different certified vendors and use it in different fixed, portable or mobile networks. 

Data rate: 

Mobile WiMAX technology supports peak Download link (DL) data rates up to 63 Mbps per sector and peak 

Upload link (UL) data rates up to 28 Mbps per sector in a 10 MHz channel. 

Adaptive Modulation Technique 

WiMAX uses a special type of modulation technique which is a mixture of ASK and PSK with a new name 

called Quadrature Amplitude Modulation (QAM). In QAM, amplitude and phase changes at the same time. 

Different types of QAM are available for WiMAX networks depending on throughput and range. 64 QAM has 

higher throughput but lower range whereas 16 QAM has lower throughput but higher range to cover from the 

base station (BS). 

WiMAX has the freedom to select Quadrature Phase Shift Keying (QPSK) and QAM as its modulation 

techniques depending on the situation. As for downlink, in both fixed and mobile WiMAX, QPSK, 16 QAM 

and 64 QAM is mandatory but it can use 64 QAM as an optional Scheme for uplink channel. 

  

 

Fig. No1.1 Adaptive Modulation Scheme 

Depending on the radio link, WiMAX adjusts its modulation and coding scheme based on Signal to Noise Ratio 

(SNR). So, when it uses 64 QAM, special care is needed for SNR to minimize the interference. To maintain 
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SNR, WiMAX uses different modulation schemes such as for SNR = 22 dB, the modulation is 64 QAM, for 

SNR= 16 dB, modulation is 16 QAM and for SNR= 9 dB, modulation is QPSK etc. 

Based on the weather, interference in signal and the client distance, the broadband system dynamically select the 

modulation scheme. When the link quality is high, WiMAX uses highest modulation with low coding scheme 

that increases the system capacity. For long distance and intermittent fading, WiMAX can easily shift to the 

lower order modulation with higher coding scheme. This kind of Adaptive modulation gives WiMAX more 

stable links and good connection quality. 

Quality of service: 

Quality of Service (QoS) refers to the collective effect of service alleged by the users. Actually it refers to some 

particular requirements such as throughput, packet error rate, delay. The WiMAX is designed to support a 

variety of applications, including voice and multimedia services. 

 

III.OVERVIEW OF WIMAX TRANSCEIVER MODEL 

 

 

Fig. No 1.2 Block diagram of the WiMAX transceiver 

The mandatory blocks of a WiMAX transceiver are shown in fig 1.2 Data stream received from a source is 

randomized before being encoded by two forward error correction (FEC) coding techniques, namely, Reed–

Solomon (RS) and convolutional coding (CC). It is basically jumbling of data to generate random sequence in 

order to improve coding performance and data integrity of the input bits. FEC basically deals with the detection 

and correction of errors due to path loss and fading that leads to distortion in the signal. There are number of 

coding systems that are involved in the FEC process like RS codes, convolution codes, Turbo codes, etc. In RS 

encoding, technique involves adding of redundant bit that is parity bits in data for improving errors. The channel 

interleaver permutes the encoded bit stream to reduce the effect of burst error. It aims at distributing transmitted 

bits in time or frequency domain, in interleaving, data is mapped onto non-adjacent subcarriers to overcome the 

effects of multipath distortion and burst errors. Block interleaving mainly operates on one of the block of bits at 

a time. The number of bits in each block is known as interleaving depth, which defines the delay introduced by 

interleaving process at the transmitter side. When convolutional turbo code (CTC) is used for FEC, being 

optional in WiMAX, the channel interleaver is not required, since CTC itself includes an interleaver within it. 

Modulation and construction of orthogonal frequency-division multiplexing symbols are performed by the two 
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subsequent blocks, namely, mapper and inverse fast Fourier transform  Mapper involves mapping of digital 

information onto analog form so that it can be transmitted over the channel. Modulation can be done by various 

methods like QPSK, QAM. In the receiver, the blocks are organized in the reverse order enabling the restoration 

of the original data sequence at the output. 

 

IV.METHODOLOGY FOR IMPLEMENTING ADDRESS GENERATION USING IEEE 

802.16E STANDARD 

 

 

Fig No 1.3 Block diagram of channel interleaver/deinterleaver 

WiMAX uses Reed-Solomon and convolutional encoding followed by an interleaver as shown in fig 1.2 to 

detect and correct burst errors to improve the performance of the communication system. Different interleaving 

patterns apply for different modulation schemes BPSK/QPSK, 16-QAM and 64-QAM. The block interleaver for 

channel interleaving in WiMAX is expressed in the form of a set of two equations for two steps of permutations.  

The first step ensures that adjacent coded bits are mapped onto non adjacent subcarriers, while the second step 

ensures that adjacent coded bits are mapped alternately onto less or more significant bits of constellation, thus 

avoiding long runs of  lowly reliable bit 

The first permutation mk for index k is defined by:  

  

Here Ncbps is the block size corresponding to number of coded bits per allocated sub-channels per OFDM and 

typical value used in WiMAX is 12 and 16. The operator % is defined as the modulo function computing the 

remainder and the operator ⌊x⌋  is the floor function i.e. rounding towards zero. The second permutation jk for 

index kis given by: 

  

The parameter s is defined as s =ceil (Ncbps/2), where ‗s‘ is number of coded bits per sub-carrier, i.e., 1, 2, 4 or 

6 for BPSK, QPSK, 16-QAM or 64-QAM respectively and ceil operation is rounding towards infinity. The 

deinterleaver, which performs the inverse operation, is also defined by the two permutations. Let n be the index 

of received bits within the received block of Ncbps bits. The first permutation mn for index n is defined by: 

……………… (3) 



 
 

146 | P a g e  

 

The second permutation kn for index n  is given by: 

 …………………… (4) 

The range of n and k for eq. (1) to (4) is defined as 0, 1, 2, . . . . (Ncbps-1). 

The 2 step permutation obtained from Interleaver and deinterleaver is difficult to implement in FPGA kit. Final 

equation has floor function which cannot be synthesized. 

So, in order to implement the permutation it has to be reduced mathematically so that it can be easily 

implemented using the hardware resources efficiently. 

 

V. ALGORITHMIC DESIGN FOR REDUCING THE RESOURCES AND COMPLEXITY IN 

INTERLEAVER/ DEINTERLEAVER IN WIMAX 

 

Here, the proposed algorithm for address generator of the WiMAX deinterleaver along with its mathematical 

back ground has been described. Due to the presence of a floor function, their direct implementation on an 

FPGA chip is not feasible. Below table shows the deinterleaver addresses for the first four rows and five 

columns of each modulation type. As d = 16 is chosen, the number of rows are fixed for all Ncbps, whereas the 

number of columns are given by Ncbps/d. Modulation techniques and code rates  and address correlation is 

given in table no 1 for different modulation schemes and code rates. 

For QPSK, Kn=d *i + j for all i,j. 

For 16 QAM 

d*i+j   for all  i, j %2=0 

Kn=  d*(i+1)+j   for j%2=1 and  i%2=0 

                d*(i-1)+j  for j%2=1 and i%2=1 

For 64QAM 

d*i + j        for j%3 = 0 and all i 

                  d =(i − 2) + j    for j%3 = 1 and i%3 = 2 

kn=         d =(i + 1) + j     for j%3 = 1 and i%3 ≠ 2 

                  d =(i + 2) + j  for j%3 = 2 and for i%3 = 0 

                  d =(i − 1) + j for j%3 = 2 and for i%3 ≠0 

Table 1:Interleaver/deinterleaver depth in 802.16e for all permitted code rate  (address correlation) 

Modulation 

scheme 

QPSK 

S=1 

QAM(16) 

S=2 

QAM(64) 

S=3 

Code rate 1/2 ¾ ½ 3/4 ½ 2/3 ¾ 

Interleaver 

depths Ncbps 

96 144 192 288 288 384 432 

192 288 384 576 576   

288 432 576     

384 576      

480       

576       
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HARDWARE ARCHITECTURE FOR ADDRESS GENERATION 

 

Fig 1.4 Top level view of complete deinterleaver 

 

FPGA IMPLEMENTATION RESULT 

 

Hardware is implemented on FPGA Spartan 3e Family XC3S400. 

Using this FPGA, as a target device, the functionality is checked. It has 7168 Flip-flops, LUTs, 97 IOBs and 8 

General Clocks. By utilizing these hardware resources efficiently the access time is found to be reduced. 

 

 

QPSK   address waveform 

 

 

QAM 16 address waveform 
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64 QAM address waveform 

 

 
 

Above figure shows the synthesis summary, keeping the Spartan 3, Device XC3S400 as a target platform. It 

shows the number Flip-flops, LUTs used, IOBs and General clock used in FPGA. 

 

VI.CONCLUSIONS 

 

This project presents an algorithm along with mathematical formulation for address generation unit by reducing 

the complex floor function and supporting all possible code rates and modulation pattern in WiMAX 

deinterleaver/interleaver as per IEEE 802.16e. It is an effort to reduce the complexity in the design. With 

effective utilization of resources like adder, multipliers, comparator, multiplexer present in an FPGA and made 

an effort to reduce the complexity in design and synthesized using spartan3 xcs400 FPGA kit. The main 

advantage are implementation cost is less and it is used mostly in radio communication applications like 

WiMAX, DVB (digital video broadcasting).Hardware resource utilization is reduced and it can be used for 

implementing other blocks of WiMAX transceiver. Future work needs research in modulation scheme like 128 

QAM, 256 QAM, and reducing the device utilization and increasing the operating frequency to reduce the 

access time 
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