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Abstract 

 
Simultaneous measurements with 10-MHz bandwidth at 2.5 GHz, 3.5 GHz and 5.8 GHz were performed in a 

rural/semi-rural environment in the UK.  The data were processed to generate the time variant frequency transfer 
function, which was subsequently used in a WiMAX channel simulator designed and implemented in SIMULINK 
for the purposes of the study.  Estimates of BER for the 256 carrier OFDM IEEE802.16 standard are presented for 
rate ½ for both QPSK and 16 QAM.  The results demonstrate that the performance of quasi-stationary wireless 
broadband systems depend upon the Rician k factor and the modulation scheme with QPSK giving a superior 
performance to 16 QAM.  
 

1. Introduction 
 

The IEEE802.16-2004 standards define the WirelessMAN™ air interface specifications for wireless 
metropolitan area networks (MAN) [1] for line of sight (LOS) propagation in the 10-66 GHz band and none line of 
sight (NLOS) propagation in the 2 to 11 GHz band.  Three air interfaces are specified: single carrier modulation, 256 
point transform OFDM and 2048 point transform OFDMA. The 256 carriers OFDM system is mandatory for the 
license exempt band and has also been adopted by the WiMax forum for fixed broadband services.  The 
performance of the standard has been reported either in additive white Gaussian noise or from standard channel 
models such as the Stanford University Interim (SUI) models, which have been adopted by the WiMAX forum, or 
the 3GPP channel model [2-3].  The SUI channel models are based on measurements in the US at 1.9 GHz [4].   

 
To study the performance of the standard in rural/semi-rural environments in the UK and at higher 

frequencies designated for WiMAX, the 2 GHz multiple receive channel sounder previously used to study the 
UMTS band was upgraded to operate at three other frequency bands: 2.5 GHz, 3.5 GHz and 5.8 GHz [5] by building 
an up converter and a down converter for each frequency band.  This permitted the simultaneous transmission and 
reception at the three frequencies with either separate antennas or a single antenna using a wideband combiner.  The 
sounder has programmable bandwidth up to 300 MHz and for the present study a 10 MHz bandwidth was used in 
the measurements.  The data were processed with different bandwidths to obtain the channel response in time and in 
frequency.   The standard is flexible is terms of the bandwidth used and for the simulations of BER presented here 
10 kHz frequency spacing resulting in 2.56 MHz bandwidth was used in the frequency domain simulator reported in 
[6].  BER were computed for both ½ rate coding for QPSK modulation and for 16 QAM modulation.  Cumulative 
distributions over 70 locations were generated to estimate the BER for an average channel SNR between 2-21 dB.  
The paper discusses the simulator, the measurements, and the processing of the data including the statistics for rms 
delay spread, and BER results. 

   
2. Channel Simulator and Measurements 

 
In general the channel performs linear convolution with the time domain signal.  However, in the case of 

OFDM systems, due to the cyclic prefix this convolution is transformed into cyclic convolution and as a result the 
magnitude and phase of each subcarrier is point wise multiplied by the channel transfer function.  As the information 
symbols generated by the constellation mapper are mapped onto the amplitudes and phases of the subcarriers during 
OFDM modulation, the received symbols are the product of the transmitted symbols with the channel’s frequency 
transfer function plus additive complex Gaussian noise.  Hence, it is equally possible to implement the channel in 



the frequency domain by carrying out point wise multiplication of the spectrum of the OFDM time domain signal 
with the transfer function of the channel by employing FFT convolution, which has a speed advantage over normal 
time domain convolution.  A block diagram of the measurement-based channel simulator is shown in Fig.1.  It has 
been implemented in SIMULINK using digital signal processing (DSP) techniques.  The OFDM signal is generated 
using configurable blocks, which enable the generation of rate ½ and rate ¾ of concatenated Reed Solomon coder 
followed by convolution coder, and a block interleaver as specified in the standard and both QPSK and 16 QAM 
modulation.  The OFDM receiver employs a long preamble aided least square channel estimation technique to 
equalize the channel using lowpass interpolation for even numbered carriers.  The remaining blocks in the receiver 
perform the demodulation, decoding, de-interleaving and bit error rate computation.  A parameters block enables the 
configuration of the number of OFDM symbols per packet, the carrier spacing, the length of the cyclic prefix and the 
number of training symbols in an OFDM packet.   
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Figure 1.  Block diagram of simulator 
 
The measurements were performed using the eight parallel receive chirp channel sounder, which uses 

bandwidth compression at the receiver.  The basic sounder operates at 2 GHz and up and down converters which 
interface to the 2 GHz IF were designed and implemented for the 2.5 GHz, 3.5 GHz and 5.8 GHz frequency bands 
and measurements were performed in the rural/semi-rural environment in Ipswich.  The transmit antennas were 
vertically polarised with 30o beamwidth at 2.5 GHz and 3.5 GHz and 120o at 5.8 GHz.  The receive antennas were 
omni-directional dipoles and were mounted on a tripod which was kept stationary during the acquisition of the data.  
The measurements were mainly performed in a residential area and any time variations detected in the data would be 
due to the movement of the traffic.  This was mainly observed when the measurements were performed in the 
proximity of a busy road, with a maximum of 2 Hz Doppler shift.  The data were collected with 10-MHz bandwidth 



at 250 Hz repetition rate for 1 second at each location and processed with the required time and frequency 
resolution.   

 
For the present study the 4000 samples in each 4 ms are initially reduced to 2000.   Since in a chirp signal the 

frequency is linearly related to time, the data can be analysed for different bandwidths by dividing the 2000 samples 
into section which can be subsequently processed using either the single Fast Fourier transform (FFT) to obtain the 
average power delay profile (PDP) or using the double FFT to estimate the time variant frequency function.  Each 
power delay profile was verified for a minimum signal to noise ratio of 20 dB, and time aligned to start at zero 
delay, prior to the second FFT.  For the 256 OFDM-carrier standard, the channel transfer function is obtained with 
512 points by zero padding the impulse response of the channel to avoid aliasing.  The channel data are entered into 
the simulator at the rate at which it was generated using a sample and hold block and the simulation time can be 
adjusted for the duration of the channel data.  In the present study a channel transfer function is entered every 4 ms 
for an overall 1-second duration.  Each data block of 250 transfer functions was normalised with respect to a 
variance of 1 and the additive white Gaussian noise block was used in the SNR mode.   

 
3. Simulation Results 

 
The simulator was used to evaluate the bit error rate over 70 data sets each with 250 transfer functions.  Figure 2 
shows the error rate for two different locations for the three frequency bands for QPSK modulation and ½ rate 
coding.  While the three frequency bands gave similar performance in the first location, their performance was 
considerably different for the second location.  To relate the error rate to the fading characteristics of the channel, 
the Rician K factor for each location was estimated for each of the three frequencies by converting the two 
dimensional time variant frequency function into a single dimension array.  The K factor values for the first location 
were found to be 20.7 for 2.5 GHz, 19.7 dB for 3.5 GHz and 18.3 dB for 5.8 GHz, while the corresponding values 
for the second location were 8.12 dB at 2.5 GHz, 5.1 dB for 3.5 GHz, and -5.5 dB for 5.8 GHz.  This is in agreement 
with the results of the BER, which show that for the second location the error rate is highest for 5.8 GHz.  The 
results from all the locations were combined to generate a cumulative distribution for error rate and figure 4.a-b 
display the error rate for 11 dB average channel SNR for ½ rate coding for both QPSK and 16 QAM.  The figure 
shows that the error rate of QPSK is superior to 16 QAM with 50% of the locations having error rate on the order of 
5 x10-4 for 2.5 GHz, 2.5 x10-4  for 3.5 GHz and 3 x10-4 for the 5.8 GHz for QPSK whereas the corresponding value 
for 16 QAM is approximately 1.5 x10-1 for all the three frequencies.  Simulation results for ¾ rate coding for QPSK 
have also been computed and the results can be found in [7].  The BER for ¾ rate coding was generally found to be 
higher than that for ½ rate coding.  The error rate was also correlated to the level crossing rate in the frequency 
domain and to the number of frequencies that remained below a certain fade depth [7]. 

 

 
Figure 2. BER for two locations at three frequency bands 



 

  
 

(a) (b) 
Figure 3. Cumulative distribution of BER for 11 dB SNR for the three frequency bands for ½ rate coding (a) QPSK, 
(b) 16 QAM. 
 

4. Conclusions 
 

A frequency domain channel simulator was designed and implemented in SIMULINK to study the performance of 
the 256 carrier IEEE802.16 standard from real channel measurements.  Simultaneous measurements performed at 
three frequencies in the 2-6 GHz band, designated for the service were performed and the data were analysed to 
estimate the time variant frequency function for 2.56 MHz bandwidth which were then used in the simulator to 
estimate the bit error rate.  Results show that channels with high Rician K factor give low error rate with QPSK 
giving a superior performance to 16 QAM.   The full details of the measurement system, the simulator and the 
results for ¾ rate coding can be found in [6-7].  Future research will investigate enhancing the performance of the 
simulator using multiple input multiple output (MIMO) configuration.  
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