
 

 

  

Abstract—In this paper, we present a novel and efficient 

technique to model WiMAX multimode interleaver using hardware 

description language. The hardware model is implemented on FPGA 

platform. Our proposed interleaver consists of finite state machine 

based address generator and optimized FPGA’s embedded resource 

based memory. The finite state machine based address generator of 

the interleaver shows better performance in terms of maximum 

operating frequency, and FPGA resource utilization compared to 

existing FPGA techniques. Use of FPGA’s embedded memory offers 

advantages like reduced access time, lesser real estate occupancy of 

circuit board and lower power consumption than external memory 

based techniques. Estimated power consumption and software 

simulation of both address generator and the complete interleaver are 

also provided. Our design is truly based on IEEE 802.16e standard 

where all the code rates and modulation schemes for WiMAX have 

been incorporated. In addition our approach supports computation of 

interleaver addresses dynamically. 

 

Keywords— Address generator, FPGA, FSM, interleaver, 

VHDL, WiMAX. 

I. INTRODUCTION 

REMENDOUS increase in use of internet in the last decade 

has put the quest of Broadband Wireless Access (BWA). 

BWA has emerged as the last mile access solution and a 

challenging competitor to existing 3G technologies [1]. It is 

increasingly gaining popularity as an alternative solution to 

Digital Subscriber Line (DSL) or cable modem for internet 

access. BWA has stringent requirements like high processing 

speed, flexibility and fast design Turn Around Time (TAT). 

These requirements make the designers to choose 

reconfigurable hardware platform like Field Programmable 

Gate Array (FPGA). Moreover, any new technology like 

Worldwide Interoperability for Microwave Access (WiMAX) 

needs some time to mature. Thus a product implemented on 

FPGA can easily be upgraded by making necessary changes in 

the Hardware Description Language (HDL) code and thus 

becomes obsolescence free. In addition, the TAT of FPGA 
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based circuit is much shorter compared to Application Specific 

Integrated Circuit (ASIC). Design flexibility is another 

important advantage of FPGA based implementations. The 

proposed system could have also been implemented using 

software. The principal drawback of such approach is that a 

powerful computer is to be used to run the program for 

achieving high processing speed, a prerequisite for WiMAX 

system. Employment of such powerful computer may be a 

costly solution but may be detrimental to the popularity of 

WiMAX. 

WiMAX is based on the IEEE 802.16 standard for BWA 

system. IEEE 802.16d, now known as, IEEE 802.16-2004 

defines fixed BWA (FBWA) in the frequency band of 2 to 

11GHz [2]. Amended IEEE 802.16e adds mobility support to 

IEEE 802.16 and defines standard for mobile BWA (MBWA) 

in the frequency band 2 to 6GHz.Typical data rate in IEEE 

802.16e is 5 Mbps with bandwidth 1.25 to 20 MHz. Both 

IEEE 802.16-2004 and IEEE 802.16e permit Non Line of 

Sight (NLOS) connectivity [3]. 

Orthogonal Frequency Division Multiplexing (OFDM) [3] 

technique offers promising solution that has gained 

tremendous research interest in recent years due to its high 

transmission capability and also for alleviating the adverse 

effects of Inter Symbol Interference (ISI) and Inter Channel 

Interference (ICI). In an OFDM system, the data is divided 

into multiple parallel substreams at a reduced rate, and each is 

modulated and transmitted on a separate orthogonal subcarrier. 

This increases symbol duration and improves system 

robustness [4]. OFDM is achieved by providing multiplexing 

on users’ data streams on both uplink and downlink 

transmissions. OFDM is the fundamental building block of the 

IEEE 802.16 standard. 

Interleaving plays a vital role in improving the performance 

of Forward Error Correction (FEC) codes in terms of Bit Error 

Rate (BER). Interleaving is the process to rearrange code 

symbols so as to spread burst of errors into random like errors 

and thereafter FEC techniques could be applied to correct 

them. In conventional block interleaver [5], the bits received 

from the encoder are stored row wise in the interleaver’s 

memory and read column wise. WiMAX uses a special type of 

block interleaver in which the Interleaver Depth (ID) and 

pattern vary depending on the code rate and modulation type.  

Use of multiplexers (MUXs) to model the various 

specifications of WiMAX interleaver into a single circuit is an 
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efficient approach leading to multimode interleaver. In view of 

the various code rates and modulation schemes in WiMAX, 

multimode interleaver is the ideal solution from 

implementation point of view. A few implementation of 

interleaver with different specifications are found in the 

literature. Efficient implementation techniques of interleaver 

for Digital Video Broadcasting (DVB) have been discussed in 

[6, 7]. Design and implementation issues of Turbo Code 

interleavers are addressed in [8]. Ahmad Sghaier et. al. [9] has 

described a look up table based method for address generation 

of the interleaver used in IEEE 802.11 wireless LAN 

(WLAN). A technique of converting 1-dimensional interleaver 

equation into 2-dimentional equations is proposed in [10]. The 

authors in [10] claim the hardware architecture to be tested on 

0.12µm CMOS technology. Recently Khater et. al. [11] 

described a VHDL based implementation of interleaver 

address generation circuitry for IEEE 802.16e interleaver with 

½ code rate. 

The aim of this work is to present a novel FSM based 

multimode, high speed and hardware efficient technique to 

implement the WiMAX interleaver based on IEEE 802.16e 

standard on FPGA platform. The interleaver consists of Finite 

State Machine (FSM) based address generator and optimized 

FPGA’s embedded resource based memory module. The 

implementation is different in the sense that it involves full 

FPGA based design. As far as address generator is concerned 

our work shows approximately 30% betterment  in terms of 

maximum clock frequency, nearly 46% lesser FPGA flip flop 

consumption at the marginal cost of Logic Cell (LC) 

utilization (less than 3% over use) compared to existing 

implementation [11]. Comparison is made with   conventional 

Look-Up Table (LUT) based address generation technique by 

implementing it on the same FPGA. It has shown efficiency in 

utilizing resources like LC and flip flop over our proposed 

technique, but on the issue of very important FPGA resources 

like internal memory block and maximum operating frequency, 

our proposed technique perform much better.   Conventionally, 

use of FPGA’s embedded memory offers advantages like 

reduced access time, reduced real estate occupancy of circuit 

board and lower power consumption than external memory 

based techniques. So far no work utilizing FPGA’s embedded 

memory to model the WiMAX multimode interleaver has been 

found in the literature to the best of the knowledge of the 

authors. As per IEEE 802.16e standard [12], ½, ⅔ and ¾ are 

the allowed code rates where as QPSK, 16-QAM and 64-QAM 

are the permitted modulation schemes. Unlike [11], our design 

is truly based on IEEE 802.16e standard where all the code 

rates and modulation schemes for WiMAX have been 

incorporated. In addition our approach supports on the fly 

(dynamic) computation of interleaver memory addresses. 

The paper is organized as following: section II provides 

overview of IEEE 802.16e standard for WiMAX system. 

Section III presents the inside detail of block interleaving in 

WiMAX system. Proposed hardware modeling of the 

interleaver along with address generator circuitry is described 

at length in section IV. Simulation result of the hardware 

model is explained in Section V. Section VI performs the 

critical analysis of FPGA implementation result. Concluding 

remarks are given in Section VII. 

II. SYSTEM DESCRIPTION 

The system level overview of IEEE 802.16e based WiMAX 

system is described in Fig.1. In this system, the input binary 

data stream obtained from a source is randomized to prevent a 

long sequence of 1s and 0s, which will cause timing recovery 

problem at the receiver. Psudeo Random Binary Sequence 

(PRBS) is used in which randomization is done by modulo 2 

addition of the data with the output of the PBRS itself [13]. 

The randomized data bits are thereafter encoded using Reed 

Solomon (RS) encoder followed by Convolutional Coder 

(CC).  The former is suitable for correction of burst type of 

error whereas the later is for random error. After RS-CC 

encoding all encoded data bits shall be interleaved by a block 

interleaver. In traditional block interleaver bits received from 

the encoder are stored row wise in the interleaver’s memory. 

As soon as the memory is completely filled, the bits are read 

column-by-column manner [5]. In the block interleaver of 

WiMAX system, data is written in the memory in a predefined 

manner based on certain permutation [14] and read in a 

sequential manner. After interleaving, data passes through the 

mapper block in which modulation takes place. The resulting 

data symbols are used to construct one OFDM symbol by 

performing Inverse Fast Fourier Transform (IFFT). Cyclic 

Prefix (CP) is used to reduce ISI and ICI [3]. 

In the receiver, inverse blocks are applied which perform 

DFT, de-mapping, deinterleaving, decoding and de-

randomizing operations in sequential manner to get back the 

original data bits. 

 

 

 

 

 

 

 

 

Fig. 1 Overview of WiMAX PHY layer system 
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I. INTERLEAVING IN WIMAX 

The block interleaver used in WiMAX system have 

different interleaving pattern for different code rates and 

modulation schemes [13]. Various interleaver depths are 

required to incorporate various code rates and modulation 

schemes. Table I describes permitted interleaver depths in 

IEEE 802.16e [12] for all code rates and modulation schemes. 

The encoded bits are interleaved using two step process. The 

first step ensures that the adjacent coded bits are mapped onto 

nonadjacent subcarriers, which provides frequency diversity 

and improves the performance of the decoder. The second step 

ensures that adjacent bits are alternately mapped to less and 

more significant bits of the modulation constellation to avoid 

long run of lowly reliable bits. 

Let Ncbps is the block size corresponding to the number of 

coded bits per allocated sub-channels per OFDM, d represents 

number of columns of the block interleaver which is typically 

chosen to be 16 for WiMAX. mk is the output after first level 

of permutation and k varies from 0 to Ncbps -1. s is a parameter 

defined as s= Ncpc/2, where  Ncpc is the number of coded bits 

per sub-carrier, i.e., 2, 4 or 6 for QPSK, 16-QAM or 64-QAM 

respectively [14]. The first and second levels of permutation 

are given by (1) and (2) respectively are as follows: 
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where % and    signify modulo and floor functions 

respectively. 

II. HARDWARE MODELING OF ADDRESS GENERATOR 

The proposed hardware model of WiMAX interleaver 

consists of two sections: address generator and interleaver 

memory as shown in Fig. 2. The address generator is basically 

the simultaneous implementation of (1) and (2) which is the 

write address along with provision for generation of read 

address for interleaver memory. Conventional block 

interleaver uses two memory blocks out of which one memory 

block is written and the other is read based on the value of 

select (SEL) signal. In this paper we design the memory block 

using dual port internal memory module of FPGA by 

partitioning it into two sub-modules.  

 

 
 

Fig. 2 Top level view of WiMAX interleaver  

 

TABLE I. 

 PERMITTED INTERLEAVER DEPTH IN IEEE 802.16E FOR ALL CODE RATES AND 

MODULATION SCHEMES 

Modulation 

Scheme 
QPSK (s=1) 

16-QAM 

(s=2) 

64-QAM  

(s=3) 

Code Rate ½ ¾ ½ ¾ ½ ⅔ ¾ 

Interleaver 

Depth, Ncbps in 

bits 

96 144 192 288 288 384 432 

192 288 384 576 576 - - 

288 432 576 - - - - 

384 576 - - - - - 

480 - - - - - - 

576 - - - - - - 

A. Address Generator 

The values of jk obtained from (2) are the write addresses of 

interleaver memory. On evaluation of (1) and (2) with Ncbps = 

96 (½ code rate, QPSK), Ncbps = 288 (¾ code rate, 16-QAM) 

and with Ncbps = 384 (⅔ code rate, 64-QAM) we find all the 

values of jk, out of which first 32 values are listed in Table II. 

On careful examination of the values of jk, it has been found 

that the subsequent addresses are not equally spaced for all 

cases. Within a modulation scheme, the increment values 

follow a fixed type of pattern irrespective of coding rate. 

Encoding of ID, Modulation Type (MOD_TYP) and 

increment values from implementation point of view are 

presented in Table III. In case of QPSK (with s = 1) the 

increments are linear having values like 6 for Ncbps = 96, 9 for 

Ncbps = 144 and so on. 16-QAM (with s = 2) and 64-QAM 

(with s = 3) have nonlinear increments like 13, 11 for Ncbps = 

192 and 20, 17, 17 for Ncbps = 288 respectively. 

TABLE II. 

FIRST 32-PERMUTATION SAMPLE ADDRESSES FOR THREE CODE RATES AND 

MODULATION SCHEMES 

Ncbps=96 bits,  

½ code rate, 

QPSK 

0 6 12 18 24 30 36 42 

48 54 60 66 72 78 84 90 

1 7 13 19 25 31 37 43 

49 55 61 67 73 79 85 91 

Ncbps=288 

bits, ¾ code 

rate, 16-QAM 

0 19 36 55 72 91 108 127 

144 163 180 199 216 235 252 271 

1 18 37 54 73 90 109 126 

145 162 181 198 217 234 253 270 

Ncbps=384 

bits, ⅔ code 

rate, 64-QAM 

0 26 49 72 98 121 144 170 

193 216 242 265 288 314 337 360 

1 24 50 73 96 122 145 168 

194 217 240 266 289 312 338 361 
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TABLE III. 

INCREMENT VALUES FOR VARIOUS INTERLEAVER DEPTHS AND MODULATION 

SCHEMES WITH THEIR ENCODING 
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QPSK 00 

96 000 6 Yes 

144 001 9 Yes 

192 010 12 Yes 

288 011 18 Yes 

384 100 24 Yes 

432 101 27 Yes 

480 110 30 Yes 

576 111 36 Yes 

16-QAM 01 

192 X00 13,11 No 

288 X01 19,17 No 

384 X10 25,23 No 

576 X11 37,35 No 

64-QAM 1X 

288 X00 20,17,17 No 

384 X01 26,23,23 No 

432 X10 29,26,26 No 

576 X11 38,35,35 No 

 

Our proposed design of address generator block is 

described in the form of schematic diagram in Fig. 3. Unlike 

[11], our design includes all possible code rates and 

modulation type permitted under IEEE 802.16e. Bulk of the 

circuitry is used for generation of write address. As shown in 

Fig. 3, the schematic contains three levels of multiplexer 

(MUX). The first level MUXs implement the unequal 

increments required in 16-QAM and 64-QAM modulations. 

The four interleaver depths of 16-QAM modulation as shown 

in Table III are implemented by the first four MUXs in the 

first level. The select inputs of these four MUXs are tied 

together and are driven by a T-flipflop named QAM16_SEL. 

Similarly, the last four MUXs are for 64-QAM modulation. 

The select inputs like the former case are also tied together and 

are driven by a mod-3 counter named QAM64_SEL. The 

second level MUXs basically pick up one of the interleaver 

depth within the modulation scheme based the values of ID. 

Encoding of ID for various interleaver depths is also listed in 

Table III. The topmost MUX in level 2 implements the eight 

interleaver depths of QPSK modulation scheme available by 

concatenation of sub-channels [13]. The second and third 

MUXs in level 2 are for 16-QAM and 64-QAM respectively. 

The level 3 MUX sends one of the increment values to the 

next section of the circuit based on the type of modulation 

chosen (MOD_TYP).The 7-bit output from the third level 

MUX acts as one input of the 10-bit adder after zero padding. 

The other input of the adder comes from accumulator, which 

holds the previous address. After addition a new address is 

written in the accumulator. It has been observed 

experimentally that the adder output does not exceed 10-bit. 

The operation of the circuit begins with CLR = 1, which reset 

the accumulator, preset logic circuits, read address generator 

and SEL signal generator as shown in Fig. 3. So the first 

address generated is always 0. In the event of first clock the 

sum of MUX output and previous content of accumulator 

(which is 0) is stored in the accumulator which is the second 

address of the interleaver. Subsequent clock events generate 

consecutive addresses of the interleaver by adding present 

output of accumulator with a constant value chosen by the 

MUXs. 

The read addresses are linear in nature and are generated using 

a ten bit up counter as shown in Fig. 3. The counter is reset 

whenever it reaches to the terminal count for a desired 

modulation scheme and ID. For example, in case of 16-QAM 

with Ncbps = 288, the counter counts from 0 to 287 and then 

repeats. The SEL generator is basically a T- flipflop used to 

generate the select (SEL) signal to switch between write and 

read memory block and is initialized to zero using CLR input. 

The preset logic is a FSM whose principal function is to 

generate the correct beginning write addresses for all 

subsequent iterations and is described at length in the next 

section. 

Preset logic as finite state machine: The Preset Logic block 

of Fig. 3 is the heart of the address generator of WiMAX 

interleaver. It is basically a hierarchical FSM and the state 

diagram is shown in Fig. 4. This block contains a 4-bit counter 

keeping the track for end of states during the iteration. The 

FSM enters into the first state (SF) with CLR=1. Based on the 

value in MOD_TYP it makes transition to one of the three 

possible next states (SMT0, SMT1 or SMT2). Each state in this 

level represents one of the possible modulation schemes. The 

FSM thereafter makes transition to one of the next level states 

(SID0 to SID7 from SMT0, SID0 to SID3 from SMT1 or SMT2) based 

on the value in ID. The various states of this level signify one 

of the interleaver depths. From these states it branches to next 

level of states based on the value in the accumulator. When the 

FSM at this level reaches to the terminal value of that iteration 

(e.g. 90 in SID0 of SMT0), it makes transition to a state (e.g. 

S000) in which it loads the accumulator with the initial value 

(e.g. Preset=1) of the next iteration. This process continues till 

all the interleaver addresses are generated for the selected 

MOD_TYP and ID. If no changes take place in the values of 

MOD_TYP and ID, the FSM will follow the same route of 

transition and the same set of interleaver addresses will be 

continually be generated.  Any change in MOD_TYP and ID 

value causes the interleaver to follow a different path. In order 

to facilitate the address generator with on the fly address 

computation feature, we have made the circuit to respond to 

CLR followed by MOD_TYP and ID inputs at any stage of the 

FSM. With CLR=1 it comes back to SF state irrespective of its 

current position and there after transits to desired states in 

response of new values in MOD_TYP and ID. 
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Fig. 3 Address generator of interleaver 

B. Interleaver Memory 

The interleaver memory block comprises of two memory 

modules (RAM-1 and RAM-2), three MUXs and an inverter as 

shown in Fig. 5. In block interleaving when one memory block 

is being written the other one is read and vice-versa. Each 

memory module receives either write address or read address 

with the help of the MUX connected to their address inputs 

(A) and SEL line. RAM-1 at the beginning receives the read 

address and RAM-2 gets the write address with write enable 

(WE) signal of RAM-2 active. After a particular memory block 

is read / written up to the desired location, the status of SEL 

changes and the operation is reversed. The MUX at the output 

of the memory modules routes the interleaved data stream 

from the read memory block to the output.  

C. Modeling Memory in FPGA 

Static Random Access Memory (SRAM) based FPGAs [11] 

offer embedded storage for potential applications like local 

storage, FIFO, data buffers, stack etc. We used Xilinx Spartan-

3, device XC3S400 FPGA in our experimentation. It contains 

total 288K bits of such embedded memory called  Block RAM 

(BRAM) arranged in 16 blocks of 18K bit each. Out of 18K 

bits, 16K bits are used for data and rest 2K bits are used for 

parity purpose.  Each block can be organized in various 

manner like 16K X 1bit,  8K X 2bit, 4K X 4bit etc. The 

maximum memory required for WiMAX interleaver is 576 

bits. Two identical memory blocks each of capacity 576 bits 

are required for implementation of the block interleaver.  

In this work the memory requirement of block interleaver 

has been modeled using a dual port BRAM of FPGA. The use 

of memory is optimized in the sense that one dual port memory 

has been utilized to model the two memory blocks required in 
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IEEE 802.16e based block interleaver. As shown in Fig. 6 

when one port is in write mode the other is in read mode and 

vice versa. The first memory module occupies 0-575 bit 

locations whereas the other module is placed from 1024 to 

1599 bit location in the 16K X 1 dual port BRAM. 

IV. SIMULATION RESULTS 

The simulation results are obtained in the form of timing 

diagram using ModelSim Xilinx Edition-III version 6.0a 

software. In order to have a clear picture of the proposed 

technique the simulation result of the address generator and the 

complete interleaver have been presented separately.  

A. Address Generator 

Simulation results of address generator are described in Fig. 

7(a), (b) and (c). Fig. 7(a) is for MOD_TYP = 00 and ID = 

000 i.e. QPSK with Ncbps = 96. In Fig. 7(b) simulation result of 

16-QAM with Ncbps = 288 (MOD_TYP = 01 and ID=001) is 

presented. Similarly address generation for 64-QAM with 

Ncbps = 384 (MOD_TYP = 10 and ID=001) is shown in Fig. 

7(c).   In all the figures, initially CLR = 1 to ensure that the 

counter in preset logic and accumulator are reset. In order to 

maintain clarity, only first two iterations for the three 

situations have been presented. Addresses generated in Fig. 

7(a), (b) and (c) clearly conform to Table II. The authors have 

simulated and tested the address generation circuitry for all 

other values of ID and MOD_TYP, however to restrict the 

length of the paper other situations are not shown. 

B. Complete Interleaver 

Figures 8(a), (b) and (c) explain the interleaving operation 

of our proposed interleaver for WiMAX system. In these 

figures the modulation types and interleaver depths chosen are 

identical with Fig. 7(a), (b) and (c) respectively. The raw data 

input (data_in) into the interleaver in Fig. 8(a), (b) and (c) are 

held high for first 16 consecutive bit duration and made low 

thereafter to have clear view of the interleaving operation. As 

seen in figures these consecutive bits are dispersed by a 

predefined interval which is 6 in Fig. 8(a), 19, 17 in Fig. 8(b) 

and 26, 23, 23 in Fig. 8(c) and conforms to Table III.  

The interleaving operation is verified by developing a 

Simulink model of the same using general block interleaver in 

MATLAB. The parameter block of the Simulink interleaver is 

configured as per the addresses obtained shown in Table II. 

V. CRITICAL ANALYSIS OF FPGA IMPLEMENTATION RESULTS 

The proposed hardware model of WiMAX interleaver is 

implemented and tested on Xilinx Spartan-3 (Device: 

XC3S400) FPGA platform in the laboratory. The FPGA 

implementation of the interleaver is carried out in two phases; 

firstly the address generator and thereafter the complete 

interleaver and presented accordingly. 

 

Fig. 4 States in preset logic 
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Fig. 5   Schematic view of interleaver memory block 

 

Fig. 6 Modeling of interleaver memory using dual port BRAM in 

FPGA  

A. Address Generator 

The VHDL model of the proposed FSM based address 

generator is prepared using Xilinx ISE 8.1i and implemented 

in the said FPGA. Direct comparison of our work with [10] is 

not possible as the two implementations are in different 

platform. In order to make comparative analysis we have also 

designed and implemented address generator circuitry for the 

interleaver depths listed in [11] and result is presented in Table 

IV. Our approach shows approximately 30% improvement in 

terms of maximum operating clock frequency, approximately 

46% improvement in FPGA flipflop used with negligible (less 

than 3%) loss in terms of LCs used. Compact and efficient 

design of the preset logic provides this improvement. Table V 

shows the HDL synthesis report corresponding to the 

implementation of the circuit shown in Fig. 3. In addition we 

also implemented the conventional LUT based approach and 

comparison with our proposed approach in terms of FPGA 

resources and maximum operating frequency is presented in 

Table VI. The LUT based approach shows better results in 

terms of LCs and FPGA flipflops used where as the FSM 

based technique is free from using BRAM for address 

generation purpose and conserves it for other requirements. 

Most importantly, our approach can allow maximum operating 

frequency of 191.05MHz against 140.33MHz of the other 

technique showing 36.14 % improvement. Higher operating 

frequency is an important advantage in WiMAX system. The 

estimated power consumption of the circuit is found to be 

56mW using Xilinx XPower I.25.  

The address generator circuit when implemented on recent 

FPGAs like Virtex 4 shows further betterment in terms of 

operating frequency (278.30MHz) but at the cost of increased 

power consumption (224mW). As these FPGAs offer a large 

number of resources the utilization percentage as shown in 

Table VI further goes down. 

B. Complete Interleaver 

This section makes the critical analysis of FPGA 

implementation results of the entire interleaver including the 

proposed FSM based address generator. The HDL synthesis 

report of the complete interleaver is presented in Table VII. It 

shows additional requirement of few flipflops/latches and 

multiplexers which are used in designing the memory module 

of the interleaver. 

TABLE IV.  

COMPARATIVE ANALYSIS OF SIMILAR IMPLEMENTATIONS OF ADDRESS 
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Khater et. 

al. [11] 
105 54 

45.95% 

147.9 

29.14% 

This work 108 37 191.05 

TABLE V. 

 HDL SYNTHESIS REPORT OF ADDRESS GENERATOR 

 Logic Circuit used Quantity 

8x7-bit ROM 1 

10-bit adder 2 

2-bit adder 1 

4-bit up counter 1 

Flipflops 18 

10-bit latch 1 

7-bit latch 1 

7-bit 4-to-1 multiplexer 2 

7-bit 8-to-1 multiplexer 1 
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Fig. 7(a) Generation of first 32 write addresses with MOD_TYP = 00, ID = 000

 

Fig. 7(b) Generation of first 32 write addresses with MOD_TYP = 01, ID = 001 

  

 

 Fig. 7(c) Generation of first 32 write addresses with MOD_TYP = 10, ID = 001 

 

 

Fig. 8(a)  Interleaving operation with MOD_TYP = 00, ID = 000 

 

 

Fig. 8(b)  Interleaving operation with MOD_TYP = 01, ID = 001 

 

 

Fig. 8(c)  Interleaving operation with MOD_TYP = 10, ID = 001
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TABLE VI. 

COMPARISON OF DEVICE UTILIZATION SUMMARY OF ADDRESS GENERATOR 

BETWEEN FSM AND LUT BASED METHODS  

TABLE VII.  

HDL SYNTHESIS REPORT OF INTERLEAVER 

Logic Circuit used Quantity 

8x7-bit ROM 1 

10-bit adder 2 

2-bit adder 1 

4-bit up counter 1 

Flipflops 23 

10-bit latch 1 

7-bit latch 3 

1-bit latch 1 

7-bit 4-to-1 multiplexer 2 

7-bit 8-to-1 multiplexer 1 

1-bit 4-to-1 multiplexer 5 

 

Device utilization summary of the complete interleaver 

implementation is described in Table VIII. The utilization 

percentage of LCs and flipflops are marginally increased 

because of the associated circuitry in the memory module of 

the interleaver. Number of Input Output Blocks (IOBs) has 

been dropped by 8 as because the 10-bit address output lines 

of address generator have been replaced by 2 lines; one 

carrying raw input data and the other sending out the 

interleaved data. The interleaver utilizes two BRAMs which is 

12.5% of the available BRAM blocks in Spartan-3 FPGA. 

Minimum propagation delay and maximum operating 

frequency of the FPGA based interleaver is found to be 

7.442ns and 134.381MHz respectively. Due to efficient 

modeling, the interleaver circuitry uses very few FPGA 

resources thereby making room for other associated circuitry 

like randomizer, encoder etc to be implemented on the same 

FPGA chip.  Because of the presence of floor and mod 

function in (1) and (2), direct implementation of the address 

generation circuitry is very complex and consumes large 

amount of logic resources. Instead, our state machine based 

approach provides a faster and resource efficient 

implementation of WiMAX interleaver on FPGA platform.  

TABLE VIII. 

 DEVICE UTILIZATION SUMMARY OF INTERLEAVER 

FPGA Resources Utilization in 

Number 

Utilization in 

% 

Number of LCs 267  out of   3584 7.45 

Number of Flip Flops 54  out of   7168 0.75 

Number of Bonded IOBs 9  out of    141 06.38 

Number of GCLKs 2 out of 8 25.00 

Number of BRAMs 2 out of 16 12.50 

VII. CONCLUSION 

This paper presents a full FPGA implementation of 

WiMAX multimode interleaver. It proposes a novel finite state 

machine based address generator used for generation of write 

and read addresses for the interleaver memory. The interleaver 

memory is implemented using dual port Block RAM of Xilinx 

Spartan-3 FPGA. The presented circuit supports all the code 

rates and modulation schemes permitted under IEEE 802.16e 

standard. The simulation results endorse the correct operation 

of both address generator and interleaver as a whole. The 

novelty of our approach includes higher operating frequency 

and better resource utilization in FPGA. 
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FPGA 

Parameters 

Performance of 

FSM based 

Technique 

Performance of 

LUT based 

Technique 

Comparison 

Logic Cells 

used 

242 out of   3584 

(6.75 %) 

74 out of   3584 

(2.01 %) 

168 nos. over use 

by FSM 

Flip Flops 

used 

48 out of   7168 
(0.67 %) 

27 out of   7168 

(0.38 %) 

21 nos. over use 

by FSM 

BRAM used 
0 out of 16 

(0 %) 

6 out of 16 (37.5 

%) 

6 nos. over use 

by LUT 

Maximum  

Operating 

Frequency 

191.05MHz 140.33MHz 

FSM based 

50.72MHz faster 

than LUT 
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