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ABSTRACT

This research paper compares the difference between the performance gain of the direct spreading using convolutional encoding versus without convolutional encoding in a CDMA scheme.  This paper start by giving a brief description of CDMA, direct spreading, and convolutional encoding.  Then, it explores one of the ways to increase channel capacity while introduces convolutional encoding to the CDMA system.  Lastly, the paper illustrates the relationship between channel efficiency  and signal to noise ratio in addition with a simulation graph.  Based on the result of the research and the simulation graph, we concluded that a coded system offers better channel efficiency than the uncoded system.

BACKGROUND INFORMATION

Code Division Multiple Access (CDMA) Overview
CDMA is one of the multiple access radio communication processes. It is a spread spectrum communication system.  Spread spectrum system allows multiple users to access the same frequency band simultaneously by assigning each user a unique code.  This code allows the system to uniquely identify each user during the transmission/receiving process.  Spread spectrum system can be categorized into two groups: frequency hopping (FH) or direct sequence (DS).  Since FH is not the focus of this paper, there will be no further discussion of this technology.  

Direct Sequence (DS) Overview
The direct sequence spread spectrum (DSSS) is based on directly spreading and de-spreading the base-band data by means of a pseudo-noise (PN) sequence [2].  DSSS can be accomplished by using two-input EX-OR gate.   One of the inputs is a low speed non-return to zero (NRZ) data, and the other is a high-speed PN sequence.   The output power spectrum has the same transmission rate as the PN sequence [2][3].  De-spreading of the signal is done by another EX-OR.  The two inputs are the spread signal and the same PN sequence used in the spreading process. The PN code we have been referring to is the pseudo-random noise sequence that is a random series of 1’s and –1’s.   Since PN code generation is not the focus of the report, details on various PN code generation methods are not included.  

The main advantage of DSSS is its ability to reject noise, and this immunity to noise is based on the property of spread spectrum.  In a DSSS system, the interference is introduced after the signal is spread.  When we de-spread the signal, the interference is distributed over the entire transmission frequency spectrum.  Since the amount of energy remains constant during the process of de-spreading, the received interference power becomes very low.  Consequently, this interference can be treated as noise [2].  

Convolutional Codes (CC) Overview

CC is an error detection and correction method [3].  The concept behind CC is simple.  Because every data bit transmitted across a noisy channel has potential for error, a system can use CC to introduce redundancies in the data.  In other words, instead of transmitting only the data, the transmission system sends CC across the noisy channel.  On the receive end, the system recovers the CC with errors and corrects these errors in the decoding process.  

A convolutional code is a sequence of encoded symbols, which is generated by passing the information sequentially through a binary shift register [1][3].  On the transmit side, the convolutional encoder takes data stream at rate of Rs as input.  Then, it encodes the data to output a code with coding rate of Rt.  Finally, the resulting code is modulated and transmitted across a noisy channel.  The code rate can be defined as Rs/Rt.  On the receive side, the convolutional decoder receive data from the demodulator at transmit coding rate of Rt, and perform the reverse process to get the original data at the rate of Rs [3].  The figure below shows an example of a three-stage shift register that implements a (2,1) binary convolutional encoder with code rate of 1 / 2 and constraint length of 3.
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Figure 1. An(n, k) = (2, 1) binary Convolutional Encoder [3]

 By interleaving the upper and lower summers, the encoder generates the output.  For example [3], an input pulse vector v = (1 0 0…) generates upper and lower branch responses:

w(1) = (1 0 1 0 0 …)  and

w(2) = (1 1 1 0 0 . . .)

The final output sequence w is 

w = (w1(1), w1(2), w2(1), w2(2), w3(1), w3(2), …)

In the current example, the final output to be transmitted is w = (1, 1, 0, 1, 1, 1, 0, 0, …).    On the receive end, the convolutional decoder uses the Viterbi algorithm which is also known as the maximum likelihood decoding.  The algorithm is based on the best path (shortest Hamming distance) through the trellis tree [1][3].  In this algorithm, all paths in the trellis are searched and compared.  The path with the smallest distance to the input sequence is selected.  Therefore, this decoding method results in the minimum bit error rate [1].

PROBLEM STATEMENT

Compare to other technologies, CDMA already has higher bandwidth utilization.  However, with the increasing demand for bandwidth, technology to achieve even higher capacity is needed.  The system capacity is depending on the level of interference that can be tolerated, and it is inversely proportional to the signal to noise ratio (SNR) [5][9].  In other words, the system capacity increases as SNR decreases.  In order to reduce SNR, error control code such as convolutional code is integrated into the circuit.  Error control codes decreases SNR by introducing the coding gain for the communication link.  The coding gain measures the amount of additional SNR required to provide the same BER performance for an uncoded message signal [7].  For example, IS-95 uses convolutional code with code rate of 1 / 2 and constraint length of 9 to reduce SNR and maximize system capacity.  IS-95 further improves performance by using orthogonal modulation using the Walsh function.  Other examples of using CC to increase system capacity include the introduction of low rate orthogonal convolutional code (LROCC) [4][8].

MAIN RESULTS

Shannon define the maximum achievable capacity for the additive white Gaussian noise (AWGN) channel as

C =  EQ B log 2 ( 1 + \F(P,N0 B))        EQ Where

C = channel capacity,   B = transmission bandwidth, 

P = receive power at a receiver, and  N0 = thermal noise density

Since the bandwidth efficiency is equal to  EQ \f(C,B) , we can see that the bandwidth efficiency is proportional to the channel capacity from this expression.  Also from the work in [5], we obtain channel efficiency as a function of the total received carrier power-to-thermal noise ratio for m users:

Channel Efficiency = ( =  EQ \f(m Rb, Ws)   (  EQ \f(1,\f(Eb, N0'))  \f(\f(C, N0 Ws),1 + \f(C, N0 Ws))        Where

C = total received carrier power,             N0 = background thermal noise density, 

Ws = bandwidth, N0( = total noise spectral density

 EQ \f(C, No Ws)  = total received carrier power-to-thermal noise ratio

Eb = receive energy per bit of information of duration Tb
From this equation we can see that if  Eb/N0(remains constant, the channel efficiency increases as the total received carrier power-to-thermal noise ratio increases.  This means more bits can be transmitted within the same transmission bandwidth, which translates to better channel capacity.  Table 1 lists the Eb/N0’ for CC with different code rate, which is the number of information bit per baud [5]. 

r(Bits/Baud)
Eb/N0’ (dB)

1 (uncoded)
9.6

7 / 8
6.4

3 / 4
5.5

1 / 2
4.5

1 / 3
4.0

 EQ \s\up6(lim)\d\ba18()\s\do6(n(() 

 EQ \f(1,n) 
3.4

Table 1. Required Eb/N0’ for Pb = 10-5 with Convolution Coding and Soft Decoding [5]

 If we substitute data from table 1 to the channel efficiency equation and vary the total received carrier power-to-thermal noise ratio, we obtain the following graph
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Figure 2. Channel Efficiency as a Function of C/(N0 WS)

From the graph, we can draw three conclusions.  First, we can see that for the same C/(N0Ws), a system without CC have least channel efficiency, and the efficiency improves as the convolutional code rate decreases.  Since better bandwidth efficiency means better capacity, we can conclude that CC does improve the capacity of the CDMA system.  Also from the graph, we can clearly see that for the same channel efficiency.  The uncoded message has higher C/(N0Ws).  This shows that the CC does introduce a coding gain.  From here we can verify that SNR is indeed inversely proportional to the channel capacity.  Next, from table 1 we can see that the hardware complexity and transmission overhead increase as coding gain increases.  In order to design an efficient system, the designers must balance the tradeoff between hardware complexity, transmission overhead, and coding gain.  In practice, code rate of 1 / 2 or 1 / 3 with constraint length of 7 or 9 is used [9].  From the graph, we can see that these combinations does offer the best returns in terms of coding gain per hardware complexity and transmission overhead.  Finally, from the channel efficiency equation, it is obvious that the channel efficiency increases with increasing total received carrier power to thermal noise ratio.  It is also obvious that the rate of improvement for channel efficiency decreases for larger total received carrier power-to-thermal noise ratio.  In fact, the channel efficiency converges to 1/(Eb/N0’) which is a constant for every specific code rate.  Clearly, there is also a tradeoff here.

CONCLUSION

With the rapid growth in the wireless communications and limited bandwidth, scientists and engineers are facing the daunting challenge of finding ways to improve the capacity of the wireless systems under stringent conditions.  The goal of this report is to research the merit of including CC in DSSS scheme by comparing the process gain of DSSS with and without CC.  From [4][5][7][8][9], we realize that by incorporating CC to DSSS, we can introduce coding gain to the system, which reduces SNR significantly.  Since channel efficiency is inversely proportional to SNR [5][7], the channel efficiency is increased.  With improve channel efficiency, the channel capacity also increases. By looking at the relationship between channel efficiency and total received carrier power-to-thermal noise ratio at various convolutional code rate, we can conclude that adding convolutional encoder to DSSS dramatically improve the capacity of  the CDMA system.
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