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  ABSTRACT :  In this paper, we first build-up a wireless communication simulation including Gray coding, modulation, different channel models (AWGN, flat fading and frequency selective fading channels), channel estimation, adaptive equalization, and demodulation. Next, we see the effect of different channel models to the data and image in receiver with constellation and bit error rate (BER)/symbol error rate (SER) plots under QPSK modulation. For Image data source, we also compare the received image quality to original image in different channels. At last, we give detail results and analyses of the performance improvement with channel estimation and adaptive equalization in slow Rayleigh fading channel. For frequency selective fading channel, we use decision feedback equalization with Recursive Least Squares (RLS) algorithms to compare the different improvements. We will see that in AWGN channel, the image is degraded by random noise; in flat fading channel, the image is degraded by random noise and block noise; in frequency selective fading channel, the image is degraded by random noise, block noise, and ISI.
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1. INTRODUCTION
Mobile communications and wireless network have experienced massive growth and commercial success in the recent years. However, the radio channels in mobile radio systems are usually not amiable as the wired one. Unlike wired channels that are stationary and predictable, wireless channels are extremely random and time-variant. It is well known that the wireless multipath channel causes an arbitrary time dispersion, attenuation, and phase shift, know as fading, in the received signal. Fading is caused by interference between two or more versions of the transmitted signal which arrive at the receiver at slightly different times.

There are many diversity techniques to address fading issue, such as OFDM, MIMO, RAKE receiver and etc. However, it may be still necessary to remove the amplitude and phase shift caused by the channel if you want to apply linear modulation schemes, such as the ones used in WiMAX. The function of channel estimation is to form an estimate of the amplitude and phase shift caused by the wireless channel from the available pilot information. Channel estimation methods may be divided into two classes: pilot-based estimation and blind estimation. We focused here on pilot-based estimation with training data. The equalization removes the effect of the wireless channel and allows subsequent symbol demodulation. An adaptive equalizer is a time-varying filter which must constantly be retuned. A number of different algorithms can be employed for these modules. We use RLS (Recursive Least Squares).

Digital communication systems operating on time varying dispersive channels often employ a signaling format in which customer data are organized in blocks preceded by a known training sequence. The training sequence at the beginning of each block is used to estimate channel or train an adaptive equalizer. Depending on the rate at which the channel changes with time, there may or may not be a need to further track the channel variations during the customer data sequence.

2. WIRELESS MOBILE COMMUNICATION SYSTEMS

In any communication system, there must be an information source (transmitter), a destination (receiver) and a medium to transmit information between the transmitter and the receive. The block diagram of a basic communication system is given in Fig-1. Message source originates message such as human voice, a television picture a teletype message or data. The message can be electrical and non-electrical. If it is not electrical, the source transducer will convert it into electrical signal. The transmitter may be consists of analog to digital converter, data compressor, source encoder, channel encoder a modulator or any other complicated subsystems.

[image: image1.png]Message Souce Teanitter
Soura P Tesnsiueer |P]

MNoise p| Cramel

Messege Souree Channel
oume | Tounducr |4





Figure 1: Block diagram of basic communication System
The receiver may be consists of demodulator, channel and source decoders data expender, digital to analog converter or others. Receiver transducer converts the electrical signal to its original form the message. Message destination is the actual unit to which the message it sent. The channel is the information transmission medium. This medium can be of different types such as wire, a waveguide, an optical fiber or a wireless link. As the channel act as a filter, during the transmission of the signal (message) through the channel, the signal can be distorted due to the attenuation and phase shift suffered by different frequency component of the signal. Noise will also be added with the transmitted signal during the transmission of the signal through the channel. This noise is of random type and unpredictable. Interference from other users; faulty electrical equipments; automobile ignition radiation; fluorescent light, lightning, solar and intergalactic radiation; thermal motion of electrons in conductors; random emission, diffusion and recombination of charged carriers in electronics devices are some sources of channel noise. In case of wireless communication system, the channel will be a radio link, which means free space propagation is used in this case. There will be no physical connection between the source and the destination. In case of wireless communication two cases can arises as follows.

1. The source and the destination both are static, i.e., they are fixed in position and not movable.

2. The source and the destination are not static, i.e., either source and destination or both are movable.

The second case where the source and the destination can be moveable and radio link is used for communication, is termed as wireless mobile communication.

The wireless mobile communication can be of two types:

1. Non-Cellular (i.e., signal cell) Mobile Communication.

2. Cellular Mobile Communication.

 3.  TO BUILD-UP MODEL
Our target is to build up a slow fading channel for both flat fading and frequency selective fading, so we choose two different environments to simulate them.
For slow fading, Ts<Tc, for flat fading, Ts>στ , for frequency selective fading, Ts<στ. So we get στ <Ts<Tc for a slow flat fading channel and Ts< στ <Tc for slow frequency selective fading channel. Here the carrier frequency is 1.8GHz, and bandwidth of each channel is 200KHz. Suppose we use Nyquist pulse to transmit, we get Ts = 5 micro second, where Ts is symbol period. We simulate two scenarios: in the first scenario, we simulate an urban environment, where RMS delay spread is 10-25us and we choose RMS delay spread as 10us. Now suppose the velocity is 5km/hr. So Tc = 9 / (16*pi *fm) = 21.5ms>>10us>5us, it is a slow frequency selective fading channel. In the second scenario, we simulate a suburban environment, where RMS delay spread is 200-310ns and we choose RMS delay spread as 300ns. Now suppose velocity is 20km/hr. we get      Tc =5.4ms>>5us>>300ns, so it is a slow flat fading channel. In both above two scenario, we suppose there are no dominant stationary (non-fading) signal component present at receiver side, such as a line-of-sight propagation path, and the fading follow a Rayleigh distribution, so both of them are slow Rayleigh fading channel.

4. SIMULATION RESULT

In previous chapter build-up of these channels is discussed. All the simulations are based on QPSK modulation with gray code.

A. For AWGN channel

[image: image2.jpg]Fil

0

60 8

il

100

120





Figure 2: Original image
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Figure 3: Received image in AWGN channel
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Figure 4: BER/SER graph of simulation vs. theoretical for AWGN channel
In figure 3, the received image is plot at SNR = 5dB, we see there are some random noises in the image. From simulation result, the received image quality is almost the same as original at SNR = 10dB.

As shown in figure 4, The BER performance of simulation result is closely identical to theoretical BER.

B. For Slow Flat Fading Channel

Here the original image is same as in figure 2
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Figure 5: Received image in slow flat fading channel
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Figure 6: Adjusted image for slow flat fading channel
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Figure 7: BER/SER graph of simulation vs. theoretical for slow flat fading channel

As shown in figure 7, the BER performance of simulation result without channel estimation is worse than theoretical BER. This is reasonable, since the theoretical BER is based on the assumption that we know exactly the phase information of modulated signal. However, due to the time-variant channel, we always have estimation error for phase information. In low SNR, white Gaussian noise dominate the BER error, which can be improved by enhancing SNR, while in high SNR, phase estimation error dominate the BER error, which cannot be improved by simply enhancing SNR.

In figure 8.6, the received image is plot at SNR = 10dB, we see that other than some random noise, there is some block noise in the image. This is due to the phase estimation error in a coherence time. We see both the BER performance and constellation are greatly improved by channel phase estimation.

C. For Slow Frequency Selective Fading Channel

 Here the original image is same as in figure 2, and we use RLS.
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Figure 8: Received image in slow frequency selective fading channel in RLS
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Figure 9: Equalized image for slow frequency selective fading channel in RLS
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Figure 10: BER/SER graph of simulation vs. theoretical for slow frequency selective fading channel in RLS

As shown in figure 10, the BER performance of simulation result without adaptive equalization is worse than theoretical BER. The reason is same from above reason addressed in flat fading channel.The BER performance is improved in RLS algorithm. But RLS algorithm gives more complexity and time consuming.
We may see that in AWGN channel, as shown in figure 3 the image is degraded by random noise; in flat fading channel, as shown in figure 6 the image is degraded by random noise and block noise; in frequency selective fading channel, as shown in figure 9 the image is degraded by random noise, block noise, and overlap. 

By all the simulation results, we see the BER performance is best in AWGN channel, worse in flat fading channel and worst in frequency selective fading channel. They are exactly as the theoretical analysis.
5. CONCLUSION
In this paper, we test the effect of three different channel models, AWGN channel, flat fading channel, and frequency selective fading channel. We also compare and analysis the improvement of channel estimation and adaptive equalization in slow fading channel. In AWGN, the image is degraded by random noise; in flat fading channel, the image is degraded by random noise and block noise; in frequency selective fading channel, the image is degraded by random noise, block noise, and ISI. I have found that flat fading channel has less error than frequency selective fading channel and thus have the better result than frequency selective fading channel after the channel estimation and adaptive equalization methods are used.  Our result is exactly identical to the theoretical analysis.
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