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Optimization of Channel Coding Rate for Diverse Modulation Techniques and Channel Condition in WCDMA Md. Reaz Ashraful Abedin, Md. Ali Reza Al-Amin, and Md. Mahbub Hossain Abstract—Every kind of mobile transmission performance is always affected by channel mutilations. Major mutilations are dominated by noise, interference and fading which lead to error in received bit stream. Channel coding is one of the solutions to prevail over this problem. Here the rate of channel coding plays a significant role in Bit Error Rate (BER) performance. Moreover, bit error rate for different modulation techniques and different types of channels vary substantially. The main purpose of this pepar is to analyze the bit error rate performance in Wide Band Code Division Multiple Access system for different convolutional coding rates, modulation techniques and channel conditions; then find the optimum coding rate from the analysis. Consequently these conditions for WCDMA are considered for analysis- system using QPSK, 16-QAM and 64-QAM modulation technique, transmission through AWGN channel, Rayleigh fading channel and Rician fading channel and convolution coding with three different coding rates. Index Terms—BER, Channel coding, Fading Channel, QAM, WCDMA.



——————————  ——————————



1 INTRODUCTION



A



PPOSITE transmission of information over the channel and reception is the main purpose of digital communication system. However, the channel through which signal is transmitted, transmission power and bandwidth are major factors that affect the system performance of retrieving data from transmitted signal. Perfectness of modulator, transmission channel and demodulator is necessary for realization of high speed data rate technique having highest efficiency. But realistic radio environment is not favorable for such intention. It posses an unnecessary detrimental fact that is known as fading, which is introduced from more than one path propagation(direct and indirect), refraction, reflection and diffraction of signal before receiving. Moreover the transmission channel introduces noise, attenuation, interference and distortion in the transmitted signal which causes errors in the information bit stream. Though baseband signal is processed by different modulation technique for proper transmission, still it is vulnerable to error cause by noise and interference. Therefore an efficient error detection and correction algorithm is needed to minimize the bit error percentage, so that an acceptable quality of signal can be retrieved from transmitted signal [1]. Convolutional encoder is widely used for channel coding in WCDMA system and Viterbi decoding is used as the most attuned channel decoding technique which can ————————————————
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detect and correct bit error with least fault. Encoding for bit error control is utilized in different ground of channel condition. Reliable communication needs channel encoding in the presence of other interfering signal. Again, transmission power is a major fact for satellite communication. In this case, coding is applied so that correct bits can be recovered from weak message signal which could minimize the need of high transmission power. It is obvious that convolutional encoding minimize the bit errors, but different encoding rates of convolutional encoder influence the performance of controlling bit error percentage [2]. So, this is an imperative requirement to optimize the rate of coding and constraint length for convolutional encoder that can lead to lowest bit error.



2 WCDMA SYSTEM 2.1 Modulation Schemes In the early stage of WCDMA, MPSK modulation technique was used for downlink communication. 4-PSK (also reffered to QPSK) or Quadrature phase shift keying is one of the three modulation techniques those are considered here for analysis. Instead of using two phase shift like BPSK, if we use four phase shifts, then simultaneously two binary bits can be represented by one symbol. So, speed of communication is twice in QPSK than BPSK. The the modulation equation of typical MPSK signal can be expressed as,



Symk ( t ) =



2 Esig T
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Here, Symk(t) represents the kth symbol at time t that describes the polar form of the signal. Esig denotes signal energy. T is the period through which the pulses, produced by Pulse shapping function Fs(t), possess equal amplitude with the carrier. fcar represents carrier frequency. M is the modulation order and finally k can have any integer value 1, 2, 3, …… M. QPSK and BPSK allow changes in only phase angle of carrier signal but not in the amplitude. Here all the symbols sat on a circle in I-Q plane so that they all had the same amplitude. For this cause, PSK signals have constant envelope. But QAM allows change in amplitude from symbol to symbol. In M-QAM we vary not just the phase of the symbol but also the amplitude. Here the points closer to the axes have lesser amplitude and energy than the others. The 16 symbols in 16-QAM have sixteen different positions in the I-Q plane [3]. Quadrature Amplitude Modulation (QAM) can be used instead of QPSK for higher data rate. In 16-QAM, there are four I values and four Q values. This results in a total of 16 possible states for the signal. The symbol rate is one fourth of the bit rate as 16=24 [4]. In 64-QAM, there are 64 different symbols each containing six bits (64=26) which is very spectrally efficient. But the symbols are close together here which causes errors due to noise and distortion. Though this signal facilitates us with higher communication speed than 32-QAM it needs extra transmission power to spread effectively which reduces power efficiency [5].



2.2 Channel Models Electrical systems always possess unwanted electric signal which is referred to as thermal noise. This noise is superimposed or added to the main signal which limits the receiver ability to make correct symbol, which is referred to as Additive White Gaussian Noise [6]. AWGN channel is a universal channel model for analyzing communication systems. The channel’s frequency response has infinite bandwidth and phase frequency response is linear for all frequencies so that the modulated signals pass through it without any amplitude loss and phase distortion of frequency components. For this cause, this model does not account for the phenomena of fading, frequency selectivity, interference, nonlinearity or dispersion. Only distortion is introduced by this channel. Probability distribution function for Gaussian noise is represented as, 2



P ( z) =



1 1 z−a exp[−   ] 2 σ  σ 2π



(2)



Where, σ2is the variance of normal distributed noise value n. z is channel output and a is transmitted bit. Now, fading is used to describe the rapid fluctuations of the amplitudes, phases, or multipath delays of a radio signal over a short period of time or travel distance, so that large-scale path loss effects may be ignored. Fading is caused by interference between two or more versions of the transmitted signal which arrive at the receiver at



slightly different times. That means when there is more than one transmission path to the MS or BTS, and therefore more than one signal arriving at the receiver, then multipath fading occurs. Depending on the distribution of the intensity, relative propagation time of the waves and the bandwidth of the transmitted signal, the resultant signal at the receiving antenna varies in amplitude and phase. Usually there are two fading effects are categorized in wireless communication system as large scale fading and small scale fading. In mobile communication system mobile receivers remain well below the height of surrounding structures, so there is no line-of-sight signal between the MS and BTS. This situation initiates the concept of Rayleigh Fading Channel [7]. Here fading is caused by the signals through multiple paths between the MS and BTS antennas and it is described by the Rayleigh Probability Distribution Function which is represented as,



 −z2  P ( z ) = 2 exp  2  σ  2σ  z



when



z≥0



(3)



Another type of channel model is Rician fading channel. Rician fading is a stochastic model for radio propagation anomaly caused by partial cancellation of a radio signal by itself. The signal arrives at the receiver by two different paths (hence exhibiting multipath interference), and at least one of the paths is changing (lengthening or shortening). Rician fading occurs when one of the paths, typically a line of sight signal, is much stronger than the others. When there is a dominant nonfading signal component present, such as a line-of-sight propagation path, the small-scale fading envelope distribution is Rician. In such a situation, random multipath components arriving at different angles are superimposed on a stationary dominant signal. The Rician distribution can be represented as,



p(z) =



 −( z 2 + A2 )   Az  e I σ 2  2σ 2  0  σ 2  z



=0



for(A≥0,z≥0) (4)



for (z


Rayleigh and Rician fading is influenced by well known Doppler Shift Efect. Because of comparative motion between the MS and the BTS, each multipath wave experiences a perceptible shift in frequency. The shift in each received signal due to the relative motion between the MS and BTS is called the Doppler shift. The shift in frequency in the received signal is directly depend on the velocity and direction of motion of the mobile with respect to the direction of arrival of the received multipath wave. The frequency will be increased or decreased that means the Doppler shift will be positive or negative depending on whether the mobile receiver is moving toward or away from the base station [7]. In this paper three different
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Doppler frequencies are considered for analysis.



2.3 Channel Coding Convolutional coding is one of the channel coding techniques those are used in WCDMA. Passing the information sequence to be transmitted through a linear finite state shift register generates a convolutional code. Additional combinatorial logic that performs modulo-two addition is also used. The input data to the encoder is shifted into and along the shift register, k bits at a time. The number of output bits for each k bits input sequence is n bits. Thus the code rate is k/n. In convolutional coding, an information frame together with the previous m information frames are encoded into a single codeword frame. Hence successive frames are coupled together by the encoding procedure [8]. So, three commonly specified parameters of convolutional coding are, n = number of output bits k = number of input bits m = number of memory registers The quantity L is called the constrain length of the code and is defined by, L = (m+1) Constrain length L represents the number of bits in the encoder memory that affect generation of the n output bits.Three different types of encoders are designed for three coding rates 1/2, 1/3 and 2/3 in this paper, and comparison is made between the system performances using these coding rates.



a number of key parameters are identified for WCDMA system. These parameters are so important for the simulation functions. The constrain lengths and generator polynomials are included here (in Table 1) as key parameters, based on which three different encoders are designed.



2.5 Encoder Design Three different encoders are designed depending upon their constraint lengths and generator polynomials. For coding rate 1/2, constraint length is 9 and code generators are g1(x) =561 and g2(x) =753. Code generators are inputted as octal form of generator polynomials which



Fig. 1. Design of encoder having coding rate 1/2 for simulation.



define the connections between the memory registers and modulo-2 adders. The encoder is illustrated below.



2.4 WCDMA Key Parameters From the UMTS (Universal Mobile Transmission System), TABLE 1 WCDMA KEY PARAMETERS



Fig. 2. Design of encoder having coding rate 1/3 for simulation.



For coding rate 1/3, constraint length is 3 and code generators are g1(x) =4, g2(x) =5 and g3(x) =7. For coding rate 2/3, constraint length is [4,3] and code



Fig. 3. Design of encoder having coding rate 2/3 for simulation.
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generators are g11(x)=4, g12(x)=5, g13(x)=17, g21(x)=7, g22(x)=4 and g23(x)=2.



2.6 Viterbi Decoding The Viterbi decoder examines an entire received sequence of bits of a given length. The decoder computes a metric for each path and makes a decision; based on this metric. All paths are followed until two paths converge on one node. Then the path with higher metric is kept and the one with lower metric is discarded. The paths selected are called survivors [5]. If the transmitted bit sequence has N bits, then total number of possible bit sequences is 2N. from these only 2kL are valid. The Viterbi algorithm applies the maximumlikelihood principles to limit the comparison to 2 to the power of KL surviving paths instead of checking all paths. This reduces the number of paths that have to be examined and this a great advantage of Viterbi decoding. The most common metric used is the Hamming distance metric. This is just the dot product between the received codeword and allowable codeword. The decoding sequence can be easily realized with the help of Trelli’s diagram.



3



TABLE 2 DATA INTERPRETATION FROM FIG. 4



SIMULATION



In case of Rayleigh and Rician fading channel, BER is evaluated for variable speedy receiver by considering three different Doppler frequencies 64.81 Hz, 74.07 Hz and 92.59 Hz. Same effect of coding rate was observed in all those cases. For this cause and also for reducing paper size, BER for any one of three Doppler frequencies for a particular type of modulation is illustrated in following sections.



3.1 Simulation phase 1 In the first stage of simulation, only AWGN is used as communication channel. Three different channel coding



Fig. 4. BER for QPSK modulation for different coding rates through AWGN channel.



rates and modulations are included in this system design.



Fig. 5. BER for 16-QAM modulation for different coding rates through AWGN channel.



TABLE 3 DATA INTERPRETATION FROM FIG. 5
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TABLE 5 DATA INTERPRETATION FROM FIG. 7



Fig. 6. BER for 64-QAM modulation for different coding rates through AWGN channel.



TABLE 4 DATA INTERPRETATION FROM FIG. 6



Fig. 8. BER for 16-QAM modulation for different coding rates and 74.07Hz Doppler frequency through Rayleigh fading channel.



3.2 Simulation phase 2 In the second stage of simulation, Rayleigh fading channel is used as communication channel. Three different channel coding rates are included in this system design.



Fig. 7. BER for QPSK modulation for different coding rates and 74.07Hz Doppler frequency through Rayleigh fading channel.



TABLE 6 DATA INTERPRETATION FROM FIG. 8
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TABLE 8 DATA INTERPRETATION FROM FIG. 10



Fig. 9. BER for 64-QAM modulation for different coding rates and 74.07Hz Doppler frequency through Rayleigh fading channel.



TABLE 7 DATA INTERPRETATION FROM FIG. 9



Fig. 11. BER for 16-QAM modulation for different coding rates and 74.07Hz Doppler frequency through Rician fading channel.



3.3 Simulation phase 3 In the third stage of simulation, Rician fading channel is used as communication channel.



Fig. 10. BER for QPSK modulation for different coding rates and 74.07Hz Doppler frequency through Rician fading channel.



TABLE 9 DATA INTERPRETATION FROM FIG. 11
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TABLE 12 AVERAGE BER FOR DIFFERENT MODULATION SCHEMES FOR THE CODING RATE WHICH CAUSES LOWEST BIT ERROR THROUGH RAYLEIGH FADING CHANNEL



Fig. 12. BER for 64-QAM modulation for different coding rates and 92.59Hz Doppler frequency through Rician fading channel.



TABLE 10 DATA INTERPRETATION FROM FIG. 12



TABLE 13 AVERAGE BER FOR DIFFERENT MODULATION SCHEMES FOR THE CODING RATE WHICH CAUSES LOWEST BIT ERROR THROUGH RICIAN FADING CHANNEL



4 ANALYSIS FROM OBSERVATIONS From the interpreted datas it can be understood without any trouble that, though the average bit error status for two of the three coding rates changes with the diversity of modulation techniques, but another one remains with unchanged average BER status each case. It will be easier to understand from the following tables: TABLE 11 AVERAGE BER FOR DIFFERENT MODULATION SCHEMES FOR THE CODING RATE WHICH CAUSES LOWEST BIT ERROR THROUGH AWGN CHANNEL



From datas that we get from of the tables above, it is obvious that, within three coding rates 1/2, 1/3 and 2/3, the coding rate that facilitates with least bit error is 1/3.
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5 CONCLUSION In this paper, we have found the optimum coding rate for three distinctive modulation techniques considering three different channel conditions. It is noticable that coding rate 1/3 causes lowest bit error in each case. This endeavor of finding best suited coding rate can be extended by considering many other rates regarding to the necessity of communicaton performance. Channel encoders having high number of encoded bits raise complexity and make the speed of communication slower. When speed is not a vital factor but the least error is expected, then coding rate might be changed, that possess high difference between the number of input and encoded bits. However analysis can be done for Binary Symmetric Channel (BSC), which is suggested as the extension of this research.
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