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CODE DIVISION MULTIPLE ACCESS

INTRODUCTION

          Mobile communications are rapidly becoming more and more necessary for everyday activities. With so many more users to accommodate, more efficient use of bandwidth is a priority among cellular phone system operators. Equally important is the security and reliability of these calls. One solution that has been offered is a CODE DIVISION MULTIPLE ACCESS SYSTEM.
            CDMA is one method for implementing a multiple access communication system. MULTIPLE ACCESS is a technique where many subscribers or local stations can share the use of the use of a communication channel at the same time or nearly so despite the fact originate from widely different locations. A channel can be thought of as merely a portion of the limited radio resource, which is temporarily allocated for a specific purpose, such as someone’s phone call. A multiple access method is a definition of how the radio spectrum is divided into channels and how the channels are allocated to the many users of the system.

              Since there are multiple users transmitting over the same channel, a method must be established so that individual users will not disrupt one another. There are essentially three ways to do this.
Code Division Multiple Access is a new technology used in wireless communication devices. This technology made its commercial debut in the early nineties. Significant advantage of the CDMA is the fact that unlike other modulation schemes it does not have to allocate part of the frequency for each user. It allocates whole frequency spectrum to each user, distinguishing each signal with the unique pseudo-random sequence.

CDMA stands for "Code Division Multiple Access." It is a form of spread-spectrum, an advanced digital wireless transmission technique. Instead of using frequencies or time slots, as do traditional technologies, it uses mathematical codes to transmit and distinguish between multiple wireless conversations. Its bandwidth is much wider than that required for simple point-to-point communications at the same data rate because it uses noise-like carrier waves to spread the information contained in a signal of interest over a much greater bandwidth. However, because the conversations taking place are distinguished by digital codes, many users can share the same bandwidth simultaneously.

What is CDMA?

  

Code Division Multiple Access (CDMA) is a digital cellular spread-spectrum modulation technique that implements distributed voice and data networks.

CDMA works by converting speech into digital information, which is then transmitted as a radio signal over a wireless network. CDMA does not assign a specific frequency to each user, but the full available spectrum. Each signal is encoded differently using a unique code. This way CDMA enables a large number of users to share the same frequency band at the same time, without interference. 

The receiving device is instructed to use the code to extract the data out of the received signal. 

History

The first generation of cellular systems, which include the AMPS (Advanced Mobile Phone Systems), was introduced in the early 1980s. These systems used analog frequency modulation (FM) and have a frequency division multiple access (FDMA) based media access control (MAC) architecture. 

Within a few years, market demands and capacity requirements began to grow hitting the practical limitations. These limitations motivated the development of the second generation cellular systems, which improved compatibility and accommodated higher capacity than the first generation systems. These systems use digital modulation and processing techniques. 

  

TDMA (Time Division Multiple Access), GSM (Global System for Mobile Communication) and (narrowband) CDMA belong to the second generation systems. CDMA was introduced in 1994, by Qualcomm, Inc. Using direct sequence code division multiple access, it claimed to provide 10 times more capacity than analog systems � far more than TDMA or GSM. 

Today, CDMA is the basis to the third generation market in the United States and other places in the world.
Background

A cellular system is called so because it divides the service area into small transmission areas called cells. Each cell contains a base station (BTS), which consists of a transceiver and a receiver in order to connect  to mobile phones in the cell. Each cell is assigned a group of radio channels (frequencies).

 


  

  

Covering the area with small cells improves capacity and serves more users.

Since the transmitters need to serve only a small area, low power transmitters are suffice. The low transmission power enables reuse of frequencies in cells with sufficient distance. 

As the mobile user goes through one cells boundaries, he is handed off to another cell area. This is done without interrupting to the mobile call. 

  

The BTS in each cell is connected to the Mobile Telephone Switching Office (MTSO), which is responsible for switching calls between cell sites and wire line central offices.

For mobile to wire line calls, as for mobile to other networks mobile calls, the path goes from the MTSO to the PSTN (Public Switched Telephone Network), which is made up of local networks, land or cellular.
Competition

The Euro-Asian biggest competitive to CDMA is the Global System for Mobile Communication (GSM). 

For several years, the wireless world has been divided into two groups: GSM, in Western Europe, and CDMA, in North America and parts of Asia. Motorola, Lucent and Nextel chose CDMA, while Nokia and Ericsson are the dominant GSM players.Each technology has its own advantages. Comparing these two competing technologies can be done depending on the functionality required.

CDMAs main advantages over GSM are its bigger capacity (56Kps vs. over 64Kps), less interference, lower radiation level (10 times less than GSM) and security (CDMA uses pseudo-random code sequence).

GSM, on the other hand, has its strength in its core network. Is uses the SIM card, which provides more functionality and allows roaming capabilities. 

GSM uses a modified version of TDMA, which maximizes the system�s usage and efficiency by allowing calls to jump between channels and timeslots. 

In the past 8 years CDMA has grown from a small experiment to one of the worlds fastest growing wireless technology.It continues to grow world wide, but despite promising growth, CDMA use is well below the early expectations and still GSM is the dominant technology for mobile communication. According to Qualcomm, 147 million people worldwide use CDMA technology on their wireless devices.

Multiple Access Systems

A Multiple access system is the technology that specifies the way multiple users can share the same transmission medium.
  There are three main types of multiple access system, each of which has its own way of sharing the bandwidth:

 �    Frequency Division Multiple Access (FDMA) 

 �     Time Division Multiple Access (TDMA) 

 �     Code Division Multiple Access (CDMA)

  

FDMA and TDMA are narrowband technologies, and CDMA is wideband.

FDMA and TDMA

In the FDMA technology, signals from various users are assigned different frequencies. When a frequency channel is assigned to a user, no other user of the same cell or in the neighboring cell can use it at the same time.

 In the TDMA technology, the information from each user is conveyed in time intervals called time slots. A few users using a different time slot might share the same frequency. When all the available time slots in a given frequency are used, a new user connecting to the system must be assigned a time slot on a different frequency.

In a way, TDMA is very similar to a computer with only one processor that seems to run multiple processes simultaneously. Only one person is actually using the frequency channel at any given moment, and then has to give up the channel to allow other users to use it.

  

Code division multiple access (CDMA) systems are spread spectrum systems in which the users are able to transmit simultaneously in the same frequency channel and use the entire system's spectrum. This is without causing interference. 

Each user is assigned a pseudo random code, which transforms a user�s signal into a wideband spread spectrum signal.

The information is spread over a much greater bandwidth than the symbol rate. 


The project includes coding transmitter and receiver using differential non-coherent modulation. 

The transmitter and receiver designed are more to show the usefulness of CDMA technology rather than to design practical working unit. The design is limited to the available equipment; the TX-54 digital signal processing board has maximum sampling rate of 44.4 kHz. In practical use the carrier frequency is in order of hundreds MHz. Due to those limitations the speed of the transfer of data 691 bits per second or approximately 86 bytes per second. Fig. 1 shows general schematics of the transmitter. 
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Fig. 1 Schematics of the transmitter

The receiver performs non-coherent demodulation of the signal. 
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Fig 2 Schematics of the receiver

1. FREQUENCY DIVISION MULTIPLE ACCESS    
          In this technique, the available bandwidth is split up into non-overlapping frequency bands and these disjoint sub bands of frequency are allocated to the different users on a continuous time basis. In order to reduce interference between users allocated adjacent channel bands, channel bands are used to act as buffer zones, as illustrated in figure(1). These guard bands are necessary because of the impossibility of achieving ideal filtering for separating the different users. It could be compared to AM or FM broadcasting radio where each station has a frequency assigned.
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2. TIME DIVISION MULTIPLE ACCESS
In this technique, each user is allocated the full spectral occupancy of     

The channel, but only for a short duration of time called time slot. Buffers zones are in the form of guard times are inserted between the assigned time slots. This is done to reduce interference between users by allowing for time uncertainty that arises due to system imperfections, especially in synchronization scheme.
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DRAWBACKS:
          In both FDMA and TDMA, only one subscriber at a time is assigned to a channel. No other conversion can access this channel until the subscriber’s call is finished or until that original call to handed off to a different channel by the system. Voice data tends to be burst in nature. So much of the time, no data is being sent over the channel. This inefficiency tends to limit the capacity of the system. 
     3.  CODE DIVISION MULTIPLE ACCESS
          The above drawbacks are overcome in this third technique in which the users are spread across both frequency and time in the same

Channel. This is a hybrid combination of FDMA and TDMA. For example, frequency hopping may be employed to ensure during each successive time slot, the frequency bands assigned to the users are recorded in random manner. During time slot 1, user 1 occupies frequency band 1, user 2 occupies frequency band 2, user 3 occupies band 3 and so on. During time slot 2, user 1 hops to frequency band 3, user 2 hops to band 1, user 3 hops to band 2, and so on. An important advantage of CDMA over FDMA and TDMA is that it can provide for secure communication.
MEANING OF CDMA:

           Here, the users are spread across both frequency and time in the same channel. Here, unique digital codes, rather than separate RF frequencies or channels are used to differentiate subscribers. The codes are shared by both the mobile stations (cellular phone) and the base station, and are called “pseudo random code sequences” or “pseudo-noise code sequences”.     

PN – SEQUENCE:

         A PN – sequence is a periodic binary sequence with a noise like waveform that is usually generated by means of a feedback shift register. ”pseudo” word is used, as these are not real noise. These are noise like. 

BASIS OF CDMA:

 Basis of CDMA is the spread spectrum technology.

SPREAD SPECTRUM is a means of transmission in which the data sequence occupies a bandwidth in excess of the minimum bandwidth necessary to send it. Spread spectrum is accomplished before transmission through the use of a code that is independent of the data sequence (PN).
           It can provide secure communication in hostile environment such that the transmitted signal is not easily detected or recognized by unwanted listeners. It can reject interference whether it is the unintentional interference by another user simultaneously attempting to transmit through the channel, or the intentional interference by a hostile transmitter attempting to jam the transmission. Another application is in multiple access communication in which a number of independent users can share a common channel without an external synchronizing mechanism.
General Theory


Let’s consider some arbitrary signal with frequency spectrum of the rectangle.
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Fig.3 Frequency spectrum 
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If the signal in time domain is multiplied by the cosine function its frequency spectrum gets shifted as shown on the fig. 4.



Fig. 4 Shifted frequency spectrum

Figure 4 would correspond to the frequency spectrum of the transmitted signal. In the receiver the signal is multiplied once again by the cosine function shifting the signal once more as shown on the fig. 5. 
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Fig. 5 Freq. Spectrum of the signal before filtering

If the low –pass filter is used, then original signal can be recovered. From the figures 3-5 it can be seen that in order to prevent aliasing the bandwidth of the original data signal cannot exceed one third of the whole frequency spectrum. For this project the pi corresponds to 22.2 kHz. Therefore the transmitted signal width cannot exceed 7367 kHz.

It is important to note here that 7.4 kHz applies to transmitted signal, not to the original data signal. The original’s data symbol’s frequency spectrum is going to spread by the factor m, where m is number of PN- sequence chips per data symbol.    

Since the data transmitted is digital
the data is going to be represented by the square impulse. Square function in time domain corresponds to sinc function in the frequency 

domain. The sinc function occupies the whole spectrum.  
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As it can be seen in Fig 3 highest energy components occupy lowest part of the spectrum. Therefore, the signal can be treated as band limited signal and the higher frequency components can be disregarded. 

For the 44.1 kHz sampling rate the signal cannot exceed 7.4 kHz.  Increasing the data symbol duration is one way to ‘squeeze’ the frequency spectrum; another is limiting the number of PN- sequence chips per data symbol. However, it needs to be taken into account that the less PN chips per data symbol the harder it would be to synchronize the PN-sequences in the receiver. At this point would be rather difficult for designer to use specific formula to determine all of the crucial variables. Rather designer has to intuitively pick best combination of data symbol duration, number of PN sequence chips per data symbol and carrier frequency. 


If the data symbol duration 64 samples then it is going to occupy frequency band of 689 Hz


442000 Hz/64 =690 Hz

If there’s eight chips of PN-sequence per data symbol, the freq. spectrum is going to spread by the factor of 8. Thus, the transmitted signal will occupy band of 5525 Hz, which is well below the limit. The difference provides comfortable margin, which allows more flexibility in designing low pass filter.

The safest way to choose the carrier frequency is to make it equal exactly to one third of the highest frequency. Therefore carrier freq. was chosen to be 7.3 kHz. 

Once those values are determined the actual coding can begin. 

Transmitter

Modulating Scheme


Probably the most important issue in building transmitter and receiver is the choice of modulating scheme. There are many different ways in which modulation can be done. Each ways has its advantages and disadvantages. Among primary concerns are the following: speed of the transmission, spectral efficiency, energy required to transmit the signal, sensitivity to disruption form background noise and cost efficiency. Since both transmitter and receiver will be supplied implemented on the TX-54 DSP card, the energy factor does not have to be taken into consideration Due to the nature of the CDMA the spectral efficiency are not relevant to this project. The speed of the transmission is also a non-essential factor in this project. What remains are the resistance to noise and the simplicity/cost effectiveness of the design. 

 Carrier Generator      

Another important decision to be made is the implementation of the carrier generator. This can be done in two ways: either the cosine function can be generated externally and inputted into the transmitter or it can be generated internally by reading table of values. The latter solution provides more flexibility; it provides possibility of internal adjustment of the carrier frequency by the program itself. 

Generating the CDMA signal

 

In the CDMA technique the signal transmissions among the multiple users completely overlap in both time and frequency. The separation between the users is made by assigning each user a unique code.

 

Generally, CDMA converts analog voice signal to a digital signal, encodes the digital signals, and separates voice and control data into data streams called channels.

Generating a CDMA signal is a five steps process:
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The first step is analog to digital conversion or A/D. The incoming voice signal is an analog signal meaning that it is changing constantly, taking on all possible values of amplitude range. The CDMA uses a digital signal for its further manipulations. That digital signal is characterized by discrete states.

In that step the analog voice signal is quantized to form a digital signal consists of a few levels.

 

The second step is voice coding or Vocoding. Voice encoding is the process of compressing the audio into as small a stream of bits as possible. The vocoder takes advantage of the pauses in speech to accomplish maximum compression. The Vocoder’s rate must be variable to fit the rate of the users speech activity.

 

The third step is encoding and interleaving. This step purpose is to reduce the errors when receiving the signal. 

Interleaving is a method of reducing the effects of burst errors and recovering lost bits. The symbols are interleaved such that originally neighboring symbols will be transmitted far away from each other.

In addition to that, the various encoding methods add redundancy to the signals to help the recovery of information at the receiver in case of errors.

 

The forth step is channelizing.

The signal of each user if further encoded to create a separation between different users. A unique identification code is given to each user and the signals of all users are transmitted together, sharing the same frequency and time. The CDMA receiver decodes the signal by multiplying it by a decoding sequence of the desired user.
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Two common codes types are Walsh code and PN (pseudo random noise) code:

The Walsh code is used for forward CDMA channel (e.g. cell to mobile direction of communication). Walsh codes are orthogonal, meaning that the code of each user can be decoded at the receiver only by using the same Walsh code used to transmit the signal.

The PN code is used for reverse CDMA channel (e.g. mobile to cell direction of communication). A series of digital signals 0�s and 1�s goes into an antipodal mapping device to produce bit stream of negative and positive 1�s. Each user signal is then multiplied by the PN code series. At this moment the signals occupy a wide frequencies spectrum. The PN sequence rate is much higher than that of the original signal. It is generated in a deterministic manner, and is repetitive. However there are about 4.4 trillion combinations of this code, and for practical purposes we may assume that this sequence is truly random.

The data signal and the PN sequence can be described mathematically as follows:

The data signal b(t) is expressed as 
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Where -
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 is an independent identically distributed random variable representing the i-th data bit. 
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 is a unit rectangular pulse given by  [image: image8.png]P (1)



 = 1 for 0 � t � T and zero otherwise. 

T is the data bit duration.

  

The data signal b(t) is spread using the PN sequence a(t).

This PN sequence is expressed as
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Where 
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 is the j-th chip of the periodic PN sequence.
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 is a unit rectangular pulse duration TC.

  

The sequence a(t) is a binary sequence like b(t), but at a much higher rate as mentioned before.

 

  

The fifth step is digital to radio frequency (RF) conversion. 

The stream of bits should be somehow delivered from one end to the other. The RF is a method of carrying the information through the air

Digital data signals are combined into one signal and converted to a RF signal for that transmission process.

  

Returning to mathematical representation:

 

The spread data is modulated by the carrier at frequency wc radians/s, phase q and power P.

The transmitted signal s(t) is then expressed as

 

    [image: image12.png]5¢) = VZPa)b(®) cos(t +8)




  

[image: image13.png]bt > X > X » s(t)

T T

a(t) \/ﬁ cos(w, 1)





.  

Restoring the speaker's voice

 

The reversed process is done at the receiver to recover the voice from the RF signal received:

Conversion of RF signal to digital one          => 

Decoding and dispreading the users� signals  =>

Deinterleaving and more decoding               => 

Decompression of voice signals                    =>

D/A (digital to analog conversion)

 

 

Again returning to mathematical representation:

  

After transmission, the transmitted signal, s(t), is delayed and ruined by noise.

The received signal r(t) is expressed as,
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Where  

t is a finite propagation delay.

n(t) is an Additive White Gaussian Noise (AWGN) Process.

  

To recover the data, the receiver multiplies the incoming signal r(t) with the carrier [image: image15.png]2P cos(ut)



, and then by the spreading signal a(t).

Since the received signal is corrupted by noise, the result of this process is not always equals the signal before transmission. It is necessary to use a statistic decision system in order to determine the value of each bit. In order to do that, the resulting waveform is integrated to the bit duration in the correlator to produce a decision statistic Zi for the i-th data bit.

 Thus, Zi is given by 
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TYPES OF SPREAD SPECTRUM

1. DIRECT SEQUENCE SPREAD SPECTRUM
DS sequence allows each station to transmit over the entire frequency 

Spectrum all the time. Multiple simultaneous transmissions are separated using some sort of coding technique that is each user is assigned a chip sequence. The sender and receiver synchronize by the receiver locking into the chip sequence and the sender and receiver locking into the chip sequence of the sender. All the other (unsynchronized) transmission is then seen as random noise. So with CDMA each user uses the full frequency spectrum.
           They employ a high speed code sequence along with the basic information being sent, to modulate their RF carriers. The high speed code sequence is used directly setting the transmitted RF bandwidth.
Binary phase shift keying (BPSK) is the most common technique used in DS system. Direct sequence is, in essence, multiplication of a more conventional communication waveform by PN sequence in the transmitter. 
2. FREQUENCY HOPPING SPREAD SPECTRUM
FH – CDMA is a kind of spread spectrum technology that enables many users to share the same channel by employing a unique hopping pattern to distinguish different users’ transmission. The type of spread spectrum in which the carrier hops randomly from one frequency to another is called FH spread spectrum. A common modulation format for FH system is that of M-ary frequency shift keying (MFSK).the combination is referred to as FH/MFSK.            
           A major advantage of frequency hopping is that it can be implemented over a much larger frequency band than it is possible to implement DS- spreading, and the band can be noncontiguous. Another major advantage is that frequency hopping provides resistance to multiple – access interference while not requiring power control to prevent near – far problems. In DS – systems , accurate power control is crucial but becomes less effective as the carrier frequency is increased.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
            Frequency hopping does not cover the entire spread spectrum

Instantaneously, we are led to consider the rate at which the hops occur. So, we may identify two basic characterizations of frequency hopping.

1. Slow frequency hopping, in which the symbol rate Rs  of MFSK signal is an integrator multiple of the hop rate Rh . that is, several symbols are transmitted on each frequency hop
2. Fast frequency hopping, in which the hop rate Rh is an integrator multiple of the MFSK symbol rate Rs. that is, the carrier frequency will change or hop several times during the transmission of one symbol.   
Multi-Carrier CDMA system

Multi-carrier modulation (MCM) is a data transmission technique where several sub carriers are employed to transport the user’s data stream signal. Originally this technique was implemented using a bank of analogue SyQuest filters which provide a set of continuous-time orthogonal basis functions. Today using very fast and cost effective digital signal processors, multi-carrier modulation can be implemented using discrete Fourier transform (DFT) as the set of orthogonal sub carriers. This makes the technique very attractive.

Multi-Carrier Modulation (MCM) improves system capacity by making transmission more robust to frequency selective fading and enhances user spectral efficiency. The main drawbacks are:

· Difficult sub carriers' synchronization in fading transmissions. 

· Sensitivity to frequency offset is more pronounced than for a single carrier. 

· Sensitivity to non-linear amplification (peak factor problem). 

To gain the advantages of both schemes (CDMA & MCM), a combination known as multi-carrier CDMA (MC-CDMA) was proposed in 1993 taking after both CDMA & MCM schemes. 

An MC-CDMA transmitter spreads the original data stream in the frequency domain over different sub carriers using a given spreading code. In this system the sub carriers convey the same information at one time. The MC-CDMA offers better frequency diversity to combat frequency selective fading. 
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                    Figure 1. MC-CDMA transmitter
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  Figure 2. Spectrum of MC-CDMA signal

The simplicity of the multi-carrier system is an important aspect in a cellular system especially for the down link receiver (mobile station). The modulation-demodulation is done by IDFT - DFT. A wavelet-based system can be used instead of DFT for the multi-carrier modulation. Wavelet transform has a property of time-frequency multi resolution. By choosing the right wavelet function and scaling function, the system can achieve the optimum resolution according to need.

Digital communication systems can be viewed as general transmultiplexer systems, which consist of synthesis part and analysis part. The element, which plays an important role in characterization of the system, is the filter set used in both synthesis and analysis parts. The time-frequency properties of these filters, i.e. time spread and frequency spread, will determine the type of communication systems (TDMA, FDMA, CDMA, OFDM, MC-CDMA, MC-DS-CDMA).

Consequently, the key decision is how to design and optimize this set of filters according to their applications. One of the optimization results for multi-carrier systems is to use one of perfect reconstruction quadrate mirror filter (PR-QMF) types which are called discrete wavelet multi tone (DWMT). Using this DWMT system for MC-CDMA cellular system yields the following advantages:

· lower inter channel interference 

· more robust against multipart fading 

· more robust against narrow band interference or jamming signal 

CDMA TECHNOLOGY IN MOBILE COMMUNICATION

Through CDMA’s application in cellular telephony is relatively new, but it is not anew technology. CDMA has been used in much military application, such as anti jamming, ranging and secure communication.
          The use of CDMA for civilian radio application is novel. Commercial application became possible because of following evolutionary developments.

· Availability of very low cost, highly dense digital integrated circuits, which reduce the size, weight and cost of the subscriber station to an acceptably low level.

· Realization that optimal multiple access communication requires that all user station regulate their transmission power to the lowest that will achieve adequate signal quality.

CDMA CELLULER RADIO STATION

              Cellular services are now being used every day by million of people worldwide. The number of customers requiring such services is increasing exponentially, and there is a demand for integration of a variety of multimedia services. The range of services includes short messaging, voice, data and video. Consequently, the bit rate required for the services varies widely from just 1.2 kbps for paging up to several Mbpsfor vedio transmission. Furthermore, supporting such a wide range of data rates with flexible mobility management increase network complexity dramatically.
  In a cellular network, each base station assigns separate directional sector antennas or separate outputs of a phased array to cover dis joint cell sector in both the transmitting and receiving modes. Typically there are three sectors, and 2п/3 radians span each sector.
           Incelluler network, the frequency- hopping pattern can be chosen so that at any given instant of time , the frequency of the users within a cell sector are all different, and hence ,the received signals are all orthogonal if the mobile transmission are properly synchronized. Exact synchronization on the forward link is possible because common timing is available. the switching time or guard time between frequency- hopping pulses must be large enough to ensure that neither a small synchronization error nor multi-path  signals can subvert the orthogonally.
MULTI-USER INTERFERENCE IN CDMA SYSTEM

In contrastto FDMA and TDMA techniques which are frequency bandwidth limited. In CDMA system,each user data is spread by a pseudorandom code. All user then transmit in the same frequency band and are distinguished at the  receiver by the user specific spreading code. All other signal are not dispread because they use different codes. These signal appear as interference to the desired user because of non zero cross co-relation values between the spreading codes. As the number of user increases , the signal to interference ratio (SIR) decrease until the resulting performance is no longer acceptable. thus, this  multi –user interference must be reduced  to achieve higher capacities. These are the following method to reduced the multiple –access interference.

1. By  reducing cross-corelation in spread  spectrum system
· Spreading  the signal by orthogonal codes which have zero cross co-relation. This technique is very efficient in downlink transmission,because a base station can transmit  to all user simultenously and the spread synchronously at the chip level. Transmitting  asynchronously in the uplink, to restore the orthogonality  of the codes, the mobile user can be time-aligned by a synchronization method.
· Cancellation schemes that usually work subtracting the interference caused by other user and require a significant processing power; they are very useful specially to solve near- for problems.

2. Power control

Power control is  essential on both uplink and  downlink, to minimize multiple access interference. A particular problem on the uplink is to prevent the case where mobile transmitters far away from the cells base station are swamped by the interference generated by the users closer to the receiver. provided  that rather than using constant power,the transmitter can be control in such a way that that the received powers from all users are roughly equal,then the benefits of spreading are realized. If the received power is controlled, then the subscriber   can occupy the same spectrum.
  Maximum capacity can is achieved if  we adjust the power control so that the SNR is exactly what it need to be for an acceptable error rate . the sustainable capacity  is proportional to the processing gain W=Ts/Tc reduced by the required SNR.

3. Capacity  improvement  with CDMA antenna arrays


A simple equation for the uplink capacity U of a single CDMA cell is given by:

U=1+WG/(Eb/N0)-(σ2/G)
   Where  the value of Eb/N0 represents that required for adequate link performance. The scalar  σ2 is the background noise power and S is the received signal power for each user. Finally g is the ratio of the antenna gain for the desired user to that of interfering  user in that cell. The value of G depends on the beam pattern for each user, but will roughly proportional to

The array size M.

As a result, antenna arrays can improve the capacity in two ways :

· Increasing the antenna gain G and  hence the array M. this reduce the average level of interference from each user in the cell, permitting a capacity increase . however this gain factor can be reduced by user clustering in one part of the cell.
· Reducing the required Eb/N0. antenna array can provide increased space diversity at the base station , which can permit the receiver to operate at lower power signal. This increase the tolerance of the   receiver to multiple access interference

MULTI-PATH FADING IN CDMA SYSTEM

Fading is a fluctuation in the received signal strength at the receiver  or a random variation in the received signal is known as fading. Fading of radio waves is the undesired variation in the intensity  or loudness f the waves received at the receiver .

        When the multi-path   components are “resolved ” by the CDMA waveform, that is, when their delays are separated by the  at least the de-
Correlation time of the spreading, then they can be separated by the dispreading correlator in the receiver . they do not interfere because each components  correlate at a different delay. When the multipath components are separated  by less than the correlation time,  then they can not be separated  in the receiver , and they do interfere  with one another, leading to what is sometimes  called flat fading.
FADING ON CDMA CHANNEL
Fading is different in the forward and reverse links.  It also depends on the fading rate, which in turn depends on the velocity of the mobile station.
Generally fading increases the average SNR needed for a particular rate. in the reverse link the power control will mitigate the effects of fading at low speed , at high speed it has little effect .

    So we can say that in the demodulation of the CDMA signals, the different paths may be independently received, which greatly reduces the severity of the multi-path fading. However multipath fading can not be eliminated because occasionally there may be multipath that can not be independently processed by the demodulator.
ADVANTAGES

1. Capacity increase

2. No frequency management or assignment

3. Best for micro-cell and in building system

4. Reduce average transmitted power

5. Reduces number of sites needed to support any  given amount of traffic 

6. Reduce deployment and operating cost because fewer cell sites are needed

7. Improves the telephone traffic capacity

8. improves the voice quality and eliminate audible  and effects of multipath fading

9. Provides reliable transport mechanism for data communication, such as facsimile and internet traffic.
10.  Simplifies site selection

DISADVANTAGE
1. Multi-user interference or multiple access interference(MAI)
2. Multi-path fading 

3. near- for problem

CONCLUSION
CDMA is radically new concept in wireless communication.

It has gained widespread international acceptance by cellular radio system operators as an upgrade that will dramatically increase both their systems capacity and the service quality. Moreover it spread spectrum technology is both more secure , less probable to intercept and jam, highly private and offer higher transmission quality than TDMA because of its increase  resistance to multipath distortion .
The principle type of CDMA systems are direct sequence CDMA, frequency hopping CDMA and multicarrier CDMA. The major problem in CDMA is the multiple Access interference (MAI) which arises due the deviation of the spreading codes from perfect orthogonally. Capacity of CDMA is interference limited .the obvious way to increase capacity of the CDMA is to reduce the level of interference. This is achieved by reducing cross correlation, power control and with antenna arrays. 

Bibliography
Reference Books:-

· Simon Haykins –Communication Systems-John Willy & Sons ,     Fourth edition

· CDMA TECHNIQUES FOR THIRD GENERATION MOBILE SYSTEM by Francis Swarts ,PETER Van Rooyan , Ian Opperman  & Michael P. Loyyer

Reference Websites:-

· http://www.telecomresearch.com
� EMBED PBrush  ���





� EMBED PBrush  ���





� EMBED PBrush  ���





� EMBED PBrush  ���





� EMBED PBrush  ���











PAGE  
1

[image: image25.emf]100 200 300 400 500 600

2

4

6

8

10

12

14

[image: image26.png]


[image: image27.png]


[image: image28.png]


_1018651835

_1018701866

_1018702100

_1018701129

_1018651721

