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ABSTRACT 

 This paper considers the ECMA-368 standard based on 

Multiband Orthogonal Frequency Division Multiplexing 

(MB-OFDM) as an Ultra Wideband (UWB) system in the 

presence of interference from an IEEE 802.16 WiMAX 

systems operating at 3.5 GHz. Simulations are conducted 

following the standards and adopting the IEEE 802.15.3a 

channel model CM1. This paper shows that the system fails 

because of the WiMAX interference, in the absence of an 

interference avoidance or cancellation scheme. This paper 

exploits the channel information and the flexibility of non-

contiguous Orthogonal Frequency Division Multiplexing 

(NC-OFDM) based cognitive radios to avoid coexistence 

interference between UWB and WiMAX systems. The 

proposed cognitive UWB system results in a significant gain 

and is compatible with minimum changes to the current 

system specifications. 

Index Terms— Coexistence interference, MB-OFDM, UWB, 

WiMAX 

1. INTRODUCTION 

This paper considers the ECMA-368 Multiband Orthogonal 

Frequency Division Multiplexing (MB-OFDM) standard for 

high rate Ultra-Wideband (UWB) wireless communications in 

the 3.1-10.6 GHz band [1,2]. Since UWB systems in this band 

are operating as spectral underlay systems [3, 4], they will 

unavoidably be impacted by the transmission of incumbent 

systems. We consider as interferer the WiMAX IEEE 802.16 

system for wireless Metropolitan Area Networks; operating in 

the licensed 3.5 GHz band [5]. Both modulation techniques 

included in the WiMAX standard: Single Carrier (SC) and 

OFDM for use below 11 GHz are addressed in this paper. 

There has recently been great interest in coexistence 

techniques between WiMAX and UWB systems [6, 7]. The 

authors of [7] considered the effect of WiMAX interference 

signals on MB-OFDM UWB systems for high rate. They 

derived the exact expression of the uncoded bit error rate 

(BER) of the MB-OFDM system based on a Laplace 

transform technique. However they did not consider the 

Coded OFDM based UWB systems as a victim receiver in the 

presence of the modified Saleh-Valenzuela model [8] which is 

adopted to be used as a reference UWB channel by IEEE 

802.15.3a study group. 

In [10], the sub carriers corrupted by notch band interference 

are considered as unreliable, they are discarded in 

demodulation, and the lost data due to frequency domain 

excision can be recovered with the help of channel coding 

method. 

Where as in [11], the per-sub carrier interference plus noise 

power is estimated and used to weigh the branch metrics fed 

to the Viterbi decoder in order to suppress the interference 

effects. This particular technique requires only modest 

increases in receiver complexity and does not require any 

modifications to the MB-OFDM transmitter or signal 

structure. 

In contrast to [6, 9], we suggest to avoid coexistence 

interference due to a WiMAX system on the MB-OFDM 

UWB system by deactivating (i.e. nulling) subcarriers that are 

potentially interfered by the other system. This is done by 

applying the concept of cognitive radio system and using the 

channel information at the transmitter side. 

In the next sections the used simulation model consisting of 

the MB-OFDM UWB system [1, 2], the WiMAX system 

modeled as colored Gaussian distribution interference are 

briefly explained. Then the proposed non-contiguous OFDM 

(NC-OFDM) [9] as an interference avoidance technique is 

demonstrated in section 3. Finally, the simulation results for 

the system performance are summarized in section 4 over 

various interference bandwidths and NC-OFDM as an 

interference avoidance technique over the CM1 channel 

model [6]. Then the paper is concluded in the final sections. 

 

2. SYSTEM MODEL 
 

2.1 MB-OFDM signal model for UWB 

For high data rate UWB application, performance, complexity 

and system flexibility are the like criteria. The performance of 

the UWB system is determined by its robustness to multipath 

channel environments, ability to handle narrow band 

interferers and other UWB interferers. This leads to make 

OFDM as a suitable modulation technique for UWB system.  

The transmitted RF signal can be written in terms of the 

complex baseband signal as follows 

 

               
   
                                 

 

Where Re (.) represents the real part of a complex variable, 

      is the (possibility complex) base band signal 

representing the     OFDM symbol occupying a symbol 

intervals of length    , and N is the number of OFDM 

symbols transmitted, the carrier frequency or band that the      

OFDM symbol is transmitted over is denoted as   . The 

values of    range over 3 frequencies assigned to the band 

group. These frequencies are organized into sequences of 

length 6, called time-frequency codes (TFCs). 

The MB-OFDM UWB system (as shown in Fig.1.) is 

described as the convolution encoder shall use the rate R=1/3 

code. Puncture is a procedure for omitting some of the 

encoded bits at the transmitter. Here we omit the second bit of 

the encoded bits at the transmitter but at the decoder we insert 

a dummy “zero” metric at the receiver in place of the second 

omitted bits. The coded and padded bit stream should be 

interleaved prior to modulation to provide robustness against 

burst errors. The coded and interleaved binary serial input 

data will be divided into groups of two bits and converted into 

a complex number representing one of the four      
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constellation points. Each OFDM symbol is converted to the 

time domain using a 128 point Inverse Fast Fourier Transform 

(IFFT), and each OFDM symbols are groups of 100 data 

symbols, 12 pilots, 6 zeros padded, and 10 guard sub carriers. 

A guard interval of time domain            (37 samples) is 

appended to each OFDM symbol before transmission. The 

transmitted MB-OFDM symbol occupies a bandwidth of 528 

MHZ. The standard employs frequency-hopping techniques in 

which the carrier frequency of MB-OFDM transmission is 

changed after each OFDM symbol . 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2WiMAX Interference Signal Model    
 

The WiMAX standard [5, 7] applies two types of modulations 

with different bandwidths. The WiMAX-OFDM transmitted 

signal is given by 

                        
      

    

   

 

    

 

            

Where           are the numbers of sub carrier, the center 

frequency, while                are the modulated symbols, 

and the basis function for sub carriers. 

On the other hand the WiMAX-SC transmitted signal is given 

by  

         

 

    

           
       

      

Where              are the modulated symbols, WiMAX-SC 

carrier frequency, and WiMAX-SC symbol period.      

denotes the square-root raised cosine pulse shaping filter with 

roll-off factor 0.25. 

Due to small bandwidth of WiMAX systems both OFDM and 

SC modulation compared to the UWB system, the WiMAX 

appears as tone interference to the UWB system. We 

simulated the WiMAX signal as a colored Gaussian 

distribution [12] which is a Gaussian distribution followed by 

a raised cosine filter. 

The received signal at the receiver of the UWB MB-OFDM 

system can be expressed by 

 

                                               

Where the impulse response of the channel is     ,      is the 

interference, and      is the complex additive white Gaussian 

noise (AWGN). 

As shown in [7], since the MB-OFDM systems hops over 

three bands, the interference power in two of these bands is 

zero, the overall average SIR is given by 

 

    
   

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3. Simulation Interference Model 
 

As a WiMAX released in different center frequencies we 

focus on the 3.5 GHZ center frequency, as a single carrier 

modulated signal or as a multicarrier OFDM system. In both  

cases the bandwidth of the WIMAX interference signal may 

occupy different band widths. Therefore, the effect of the 

interfering signal bandwidth will be taken into account on the 

UWB performance. In addition, the effect of the interfering 

signal strength, expressed as the PSD of WiMAX signal on 

the UWB system must be considered. The most suitable 

interfering signal model for such WIMAX signal is the 

colored Gaussian noise (CGN), because the spectral allocation 

and the power level for the interference could independently 

be selected based on the central limit theorem [12].  

This is why a band-limited CGN model was selected as the 

general interference model. For the spectrum allocation, both 

the center frequency and bandwidth can be defined. In this 

case, the white Gaussian noise signal is passed through a 

raised cosine filter. The output, after the filtering, has colored 

PSD as the name obviously indicates. 

 

3. Non-Contiguous OFDM for UWB system 
Cognitive radios have been advanced as a technology for the 

opportunistic use of underutilized spectrum wherein 

secondary devices senses the presence of the primary user and 

use the spectrum only if it is empty. An example of this as 

shown in the following is the operation of UWB devices in 

WiMAX bands. UWB as a secondary user must avoid 

WiMAX devices in certain regulatory domains.   

 Multi Carrier Modulation (MCM) is highly suited for high 

speed data transmission, due to its ability to efficiently handle 

the distortion introduced by frequency selective channels. 

Convolutional  

Encoder 
Puncturer Bit 

Interleaver 

Constellation  

Mapper 

IFFT & Insert pilot & 

Add prefix & GI 
DAC 

Time frequency kernel 

Fig.1. Transmitter architecture for MB-OFDM UWB system. 
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OFDM as a MCM technique can provide the necessary agile 

spectrum usage, when portions of the target licensed spectrum 

are occupied by both primary and secondary users. This 

achieve by deactivating (i.e. nulling) subcarriers that can 

interfere with other users [9]. 

This technique is known as NC-OFDM as a modulation 

technique can be used instead of OFDM modulation in UWB 

system.    

From the above cognitive radio definition one natural and 

near-optimal solution for interference avoidance can be 

accomplished in two steps; 

1- The UWB secondary user collects measurement 

information and makes decisions, on the granting 

portions of the spectrum. 

2- The sub carriers corresponding to the spectrum 

occupied by incumbent primary user transmission 

which are determined from the spectrum sensing 

measurement are deactivated by NC-OFDM. 

Figure 2 shows the block diagram of the ECMA 368 standard 

UWB system operating as a cognitive radio system by adding 

NULL Sub carrier selection block. The remaining blocks are 

ordinary digital signal processing ones comprising channel 

coding, and the OFDM building blocks. 

The following blocks follow the ECMA368 standard instead 

that after      block the modulated data stream is then split 

into   slower data streams using a serial-to-parallel (S/P) 

converter. Note that the sub carriers in the NC-OFDM 

transceiver do not need to be all active as in conventional 

OFDM transmission. Moreover, the active subcarriers are 

located in the unoccupied spectrum bands, which are 

determined by Dynamic Spectrum Sensing and channel 

estimation techniques. The inverse Fast Fourier transform 

(IFFT) converts the OFDM symbol from frequency domain to 

time domain. The output of the IFFT block as shown in for 

the     NC-OFDM symbol is given by  

 

      
   
              

where    the symbol of the     subcarrier but the symbol is 

over the     deactivated sub carrier is      Prior to 

transmission, a guard interval of length greater than the 

channel delay spread is added to each NC-OFDM symbol 

known as cyclic prefix (CP) following parallel-to-serial 

conversion.  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

The base band NC-OFDM signal is then passed through the 

transmitter radio frequency (RF) chain, which amplifies the 

signal and up converts it into the desired center frequency 

following the time frequency code. The receiver performs the 

reverse operation of the transmitter. 

 

3.1 NC-OFDM signal-to-Noise Ratio analysis 

The SNR is defined as the ratio of the desired signal power to 

the noise power. The SNR indicates reliability of transmission 

link between the transmitter and receiver, and is accepted as a 

standard measure of signal quality.  

For NC-OFDM system as shown in [9], considered an AWGN 

channel with noise spectral density    and bandwidth B, the 

noise power is given by:  

          
      

While the SNR is given by: 

           
     

 

  
            

     
 

   
  

Suppose the incumbent spectral occupancy (ISO) is  , then 

the total available bandwidth would be        since the 

channel response is assumed to be approximately flat, the 

signal power would remain almost constant, irrespective of 

the available bandwidth. However, the effective noise power 

would be: 

  
           

Then, the SNR is given as follows 
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Fig.2.  ECMA368 standard with NC-OFDM 
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4. SIMULATION RESULTS 

The above UWB system with NC-OFDM to avoid the strong 

WiMAX primary interferer is implemented using Matlab code 

to evaluate its performance.  The system is built according to 

the ECMA 368 standard [1, 2] for coded MB-OFDM system 

at 320 Mbps to the system parameters shown in Table. 1. 

For each transmitted frame, a different realization of the UWB 

channel model CM1, specified by the IEEE802.15.3a channel 

modeling subcommittee report and described in [8], has been 

carried out. 

Figure 3 compares the performance of MB-OFDM UWB 

System under the CM1 channel model without interference 

and with interference at different bandwidths of the interfering 

WiMax system of 7 and 17.5 MHZ. The signal to interference 

power ratio SIR is assumed to be -10 dB. From this Figure we 

see that bit error rate BER is degraded significantly and 

becomes unacceptable even at high Signal to Noise ratio 

(SNR) as it exceed     . 

Figure 4, shows the simulated bit error rate as a function of 

the signal to interference ratio SIR at a SNR of 8 dB. Again, 

different interference bandwidths are considered; 3.5, 7 and 

17.5 MHz. It is clear from this figure that as SIR increases the 

bit error rate decreases for all values of interferer band width. 

When the SIR reaches about 10 dB the BER becomes 

clamped at 0.0040. 

Results for similar simulations are shown in Figure 5 for the 

SC modulation WiMAX system with 12.5, 25 and 50 MHz 

bandwidths. The performance of this system is similar to the 

previous system. 

The simulation results in Figure 6 and 7 compare the 

performance of the MB-OFDM without interference, with {7, 

and 3.5} MHz bandwidth interference and the cognitive 

interference avoidance technique of NC-OFDM. While the 

system under interference suffers from an error floor, the NC-

OFDM system performance does not clearly suffer from such 

an effect. The penalty of this significant gain is a lower bit 

rate (243 Mbps) due to the deactivation of 27% of the 

subcarriers in the first sub band. 

 

Fig.3.MB-OFDM BER without and with WiMAX 

interference of -10 dB level at {7, 17.5}MHz bandwidth. 

 

 

 

Fig.4.MB-OFDM BER versus SIR with 8dB SNR and 

WiMAX–OFDM bandwidth{3.5, 7, 17.5} MHz. 

 

 
 

Fig.5. MB-OFDM BER versus SIR with SNR of 8 dB and 

WiMAX-SC bandwidths {12.5, 25, 50} MHz. 

 

Fig.6. MB-OFDM BER without and with 7 MHZ interference 

compared to the proposed NC-OFDM as cognitive radio. 
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Fig.7.MB-OFDM BER without and with 3.5 MHz 

interference compared to the proposed NC-OFDM as 

cognitive radio. 

 

Table.1 Simulation parameters 

Parameters Description Value 

Bit rate Bit rate “channel 

coding” 

320 

Mbps 

   Coding  Puncturing rate ½ 

   Bandwidth of sub band 528 

MHZ 

   Total number of sub 

carriers (FFT size) 

128 

   Number of Data sub 

carriers 

100 

   Number of sub carriers 12 

   Number of guard sub 

carriers 

10 

   Total number of sub 

carriers used 

122 

   Sub-carrier frequency 

spacing 

4.125 

MHZ 

   IFFT and FFT period 242,42 

ns 

   Zero-padded suffix 

duration in time 

70,08 

ns 

   Symbol interleaving 312,5 

ns 

CM1 UWB channel   100 

 

5. CONCLUSION 

This paper shows great performance degradation of the UWB 

based on ECMA 368 standard [1, 2] for coded MB-OFDM 

when interfered by the WiMAX signal operating at 3.5 GHZ 

center frequency. This is because the WiMAX is strong 

primary signal while the UWB system of a weak secondary 

signal. We proved that the use of cognitive NC-OFDM is an 

effective and straight forward technique to avoid coexisting 

interference from strong WiMAX signal on the very weak 

UWB signal. The performance gains of this technique greatly 

overweigh the system loss arising from rate reduction due to 

deactivation of sub-carriers in the first sub-band.  
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