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Abstract

                       In this report two candidates for high capacity cellular systems are simulated and analyzed, one CDMA and one TDMA system. Simulations of the CDMA example indicate a high sensitivity to variations in certain system parameters. The TDMA example is a GSM system using random frequency hopping and operating without frequency planning. The outage probabilities of both the systems that have been compared in the reference IEEE paper are also simulated in this project.

Introduction
                   In today’s world cell phone have become the single greatest tool in day today life. It has become a necessity that business associates should be able to communicate on the go. That’s why it has become so important to make choices in choosing which handheld device one should go for. A handheld device is selected according to its features and benefits, like does it provide access to internet and email or does it look slick and more.

                         An important question when designing and standardizing cellular systems is the
Selection of the multiple access schemes. Multiple Access methods address the problem of how many users can share the same spectrum resources in an efficient manner. We distinguish between them as follows
· Multiple access within one cell, i.e., a fixed assignment of resources in time or bandwidth to specific users 
· Random access, i.e., a dynamic assignment of spectrum resources in time or bandwidth to users, according to their needs 
· Frequency reuse, i.e., assignment of spectrum resources considering the location of users and the attenuation of radio signals that travel over sufficiently large distances
Examples of multiple access schemes are FDMA (Frequency Division Multiple Access), TDMA (Time Division Multiple Access), and CDMA (Code Division Multiple Access). All three principles allow
Multiple users to share the same physical channel. But the two competing technologies differ in the way user sharing the common resource. TDMA allows the users to share the same frequency channel by dividing the signal into different time slots. Each user takes turn in a round robin fashion for transmitting and receiving over the channel. CDMA uses a spread spectrum technology that is it spreads the information contained in a particular signal of interest over a much greater bandwidth than the original signal. In TDMA users can only transmit in their respective time slot. Unlike TDMA, in CDMA several users can transmit over the channel at the same time.

TDMA
                                In late1980’s, as a search to convert the existing analog network to digital as a means to improve capacity, the cellular telecommunications industry association chose TDMA over FDMA. Time Division Multiplex Access is a type of multiplexing where two or more channels of information are transmitted over the same link by allocating a different time interval for the transmission of each channel. The most complex implementation using TDMA principle is of GSM’s (Global System for Mobile communication). To reduce the effect of co-channel interference, fading and multipath the GSM technology can use frequency hoping, where a call jumps from one channel to another channel in a short interval. The first GSM network started their operation from 1991, since then it has been steadily progressing. GSM speech service has seen some improvements half rate codec to double the network capacity and enhanced full rate (EFR) codec to provide speech quality. GSM phase 2 standards has introduced a new set of supplementary services such as line identification service, call hold, multi-party call, closed user group and advice of charge in addition to Phase 1 features call forwarding and call barring. Another technology which uses TDMA principle is IS-136. This technology is being abandoned in favor of GSM technology.
                          TDMA systems still rely on switch to determine when to perform a handoff. Handoff occurs when a call is switched from one cell site to another while traveling. The TDMA handset constantly monitors the signals coming from other sites and reports it to the switch without caller’s awareness. The switch then uses this information for making better choices for handoff at appropriate times. TDMA handset performs hard handoff, which means that whenever the user moves from one site to another it breaks the connection and then provide a new connection with the new site.

Advantages of TDMA
                   There are lots of advantages of TDMA in cellular technologies. It can easily adapt to transmission of data as well as voice communication. It has an ability to carry 64 kbps to 120 Mbps of data rates. This allows the operator to do services like fax, voice band data, and SMS as well as bandwidth-intensive application such as multimedia and videoconferencing. Since TDMA technology separates users according to time, it ensures that there will be no interference from simultaneous transmissions. It provides users with an extended battery life, since it transmits only portion of the time during conversations. Since the cell size grows smaller, it proves to save base station equipment, space and
Maintenance. TDMA is the most cost effective technology to convert an analog system to digital. 

Disadvantages of TDMA
                     One major disadvantage using TDMA technology is that the users has a predefined time slot. When moving from one cell site to other, if all the time slots in this cell are full the user might be disconnected. Likewise, if all the time slots in the cell in which the user is currently in are already occupied, the user will not receive a dial tone. Another problem in TDMA is multi path distortion. To overcome this distortion, a time limit can be used on the system. Once the time limit is expired the signal is ignored.
CDMA
              The Code Division Multiple Access (CDMA) is a multiple-access scheme based on Spread Spectrum (SS) communication techniques. It spreads the message signal to a relatively wide bandwidth by using a unique code that reduces interference, enhances system processing, and differentiates users.CDMA scheme has two concepts, spread spectrum techniques with single user
detection and multi user concepts with joint detection of user signals. In single user detection, all user signals from the own cell except for the desired one and all user signals from other cells are treated as noise. Therefore, in this type of CDMA the desired user signal is not only disturbed by intercellular interference but also by intracellular interference. In joint detection method all user signals of a cell are simultaneously detected by exploiting a prior knowledge of the used CDMA codes and the channel
impulse response. Thus, in this type of CDMA intracellular interference is avoided. CDMA gives the user entire spectrum all of the time. 
                             CDMA spread spectrum technology uses unique spreading codes to spread the baseband data before transmission. The receiver then dispreads the wanted signal, which is passed through a narrow band pass filter. The unwanted signals are not dispread and will not be passed
through the filter. The codes are a sequence of zeros and ones produced at a much higher rate of that of the baseband data. The rate of spreading code is referred to as chip rate. In a traditional hard handoff, the connection to the current cell is broken and then the connection to the new cell is made. Since CDMA uses the same frequency, the connection to the new cell site can be made without breaking the connection of the current cell which is known as soft handoff. Soft handoff requires less power, which reduces interference and increases capacity. The network chooses one or more alternative sites that it feels are handoff candidates while a call is in progress. It simultaneously broadcasts a copy of the call in each of these sites. It can then choose one of the sites and can move between them whenever it feels like it. This puts the phone in complete control of the handoff process. 

There are two techniques to achieve spread spectrum. The most common methods are:
(1) Direct Sequence Spread Spectrum (DS-SS)
(2) Frequency Hopping Spread Spectrum (FH-SS)
                             In case of DS-SS, the transmitter converts an incoming data (bit) stream into a
symbol stream. Using a digital modulation technique like BPSK or QPSK, a transmitter multiplies symbols with a pseudo random noise code. This multiplication operation artificially increases used bandwidth based on length of chip sequence. A CDMA system is implemented via these coding. Each user over a CDMA system is assigned a unique PN code sequence. Hence, more than one signal can be transmitted on same frequency.

DS-Spread Spectrum

                            The main principle of spread spectrum communication is that the bandwidth occupancy is much higher than usual. Because of this much larger bandwidth the power spectral density is lower, in the channel the signal just looks like noise. The spreading is done by combining the data signal with a code which is independent of the transmitted data message. 

The advantages of this method are:
• As the signal is spread over a large frequency band, the power spectral density is getting very small, so other communications systems do not suffer from this kind of communications. However, the Gaussian noise level is increasing.
• Random access can be dealt with as a large number of codes can be generated and as a result large number of users can be permitted.
• In this technique without knowing the spreading code, it is (nearly) impossible to recover the transmitted data. Hence security is more.


Advantages of CDMA
                           One of the main advantages of CDMA is that dropouts occur only when the phone
is at least twice as far from the base station. Thus it is used in the rural areas where GSM cannot cover. Another advantage is its capacity; it has a very high spectral capacity that it can accommodate more users per MHz of bandwidth. It uses a vocoder EVRC for noise reduction where the background noise is reduced. This is exclusively available in CDMA technology only.

Disadvantages of CDMA

One major problem in CDMA technology is channel pollution, where signals from too many cell sites are present in the subscriber’s phone but none of them is dominant. When this situation arises the quality of the audio degrades. Another disadvantage in this technology when compared to GSM is the lack of international roaming capabilities. The ability to upgrade or change to another handset is not easy with
this technology because the network service information for the phone is put in the actual phone unlike GSM which uses SIM card for this. One another disadvantage is the limited variety of the handset, because at present the major mobile companies use GSM technology.

My Contribution to the project
Performance Analysis of a CDMA System
In this project I have carried out the stimulations to establish the better performance of CDMA over TDMA.
BER VS SNR 

The performance of CDMA system has been analyzed using BER curves. Bit error rate (BER) of a communication system is defined as the ratio of number of error bits and total number of bits transmitted during a specific period. It is the likelihood that a single error bit will occur within received bits, independent of rate of transmission. BER has been measured by comparing the transmitted signal with the received signal and computing the error count over the total number of bits. For any given modulation, the BER is normally expressed in terms of signal to noise ratio (SNR).

BER = 1 / 2erfc (Eb / N0)
Where Eb/N0 is signal to noise ratio.
The graph is plotted in Mat lab to show the effects of BER curves. Based upon the different SNR the bit error has been calculated. If the medium between the transmitter and receiver is good and the signal to noise ratio is high, then the bit error rate will be very small - possibly insignificant and having no noticeable effect on the overall system However if noise can be detected, then there is chance that the bit error rate will need to be considered. The main reasons for the degradation of a data channel and the corresponding bit error rate is noise and changes to the propagation path (where radio signal paths are used). Both effects have a random element to them, the noise following a Gaussian probability function while the propagation model follows a Rayleigh model.
Rayleigh-Propagation model

                       This propagation model helps us to to compute the probability density function of the received amplitude and to find outage probabilities in a cellular network. In order to obtain the probability density function (PDF) of the signal amplitude r of a Rayleigh fading signal, we observe the random processes of the in phase and quadrature components, I (t) and Q (t), respectively, at one particular instant t0. If the number of received waves N becomes very large and all are independent and identically distributed, the central limit theorem says that I (t0) and Q (t0) are (zero-mean) Gaussian random variables, each with variance σ2. 
Lord Rayleigh argued that the received signal has a Rayleigh amplitude r (t),
r (t) = r (t) cos (2p fct + q (t))
that has amplitude of [image: http://www.wirelesscommunication.nl/reference/images/equat2pa.gif] and a uniform phase q (t) between 0 and 2p. 
The probability density of the amplitude is described by the "Rayleigh" pdf

 [image: http://www.wirelesscommunication.nl/reference/images/equat2za.gif]
for r > 0 where σ2 is the local-mean power. An important application of a probability density function is the calculation of outage probabilities that is the probability that the signal strength drops below a certain threshold level. Simulations have been carried out between outage probability and local mean power for different antennas (L=1, 2, 3, 4).Simulations have shown that the Rayleigh pdf appropriately describes the fading of the amplitude if N (noise power) is larger than 6. Measurements over non-line-of-sight paths at UHF frequencies in urban environments confirmed the accuracy of the Rayleigh pdf. 
Calculation of outage probability
                              A crucial aspect in the evaluation and planning of radio networks is the computation of the effect of co-channel interference in radio links. The amount of interference that can be tolerated determines the required separation distance between co-channel cells and therefore also the efficiency of the network. Initial analyses were limited to outage probabilities in continuous wave (CW) voice communication, taking into account path loss and flat (frequency non-selective) Rayleigh fading. In the 1980's the technique for computing outage probabilities was refined step by step, considering among other things shadowing , multiple interfering signals cumulating coherently or, more realistically, incoherently, the modulation technique and error correction method ,and more recently the presence of a dominant line-of-sight propagation path, as it occurs in micro-cellular networks. The stochastic occupation of nearby co-channel cells according to the traffic laws by Erlang was included in some studies.
                          In certain situations, it is a sufficiently good approximation to assume that a message is
received successfully if and only if the signal-to-interference-plus-noise ratio exceeds a certain threshold z. typically z is on the order of 2 to 10 (3 to 10 dB). Assuming constant received power during a packet transmission time, the probability that the wanted signal power Po sufficiently exceeds the joint interference plus noise power pt is

[image: ] 
where we insert the appropriate pdfs of received signal power as presented in section 2. The joint
interference signal pt is the incoherent sum of multiple individual signals. For independent
fading, the pdf of the joint interference power is the convolution of the pdf of individual
interference powers.
In the special case of a Rayleigh-fading wanted signal, its pdf of signal power is an exponential
one. Hence, for probabilities conditional on the local-mean Po, the integral over y can be solved
analytically. An elegant mathematical framework has been developed by interpreting the result
as a Laplace transform of the pdf of joint interference power. For a wanted signal subject to
Rayleigh fading, this probability can be expressed in the form [1, 10, 11, 18]
[image: ] 
where {f, s} denotes the one-sided Laplace transform of the function f at the point s.

this probability can be expressed in the generalized form as
[image: ]
By using approx coefficients a particular channel fading is calculated. If the wanted signal is subject to both multipath fading and shadowing, area-mean probabilities are obtained by averaging the above conditional probabilities over the lognormal local-mean power of the wanted signal. The probability of successful transmission, given the area-mean power, or equivalently, given the propagation distance r0, is

[image: ]
 The outage probability equals 1 -Q(r).Based upon the calculations, outage probability is plotted with number of interfering cells. In CDMA systems it was calculated for different area mean C/I power say 20dB, 40dB, 60dB.the receiver threshold of 10dB, shadowing depth of σ of 6dB, C/N ratio 0f 60dB and noise burst factor of 0.05 was assumed. Based on the calculations a graph was drawn using spreadsheet.

Simulation Results
The outage probability is calculated for CDMA and TDMA systems for different number of interfering cells i.e. users.












Spectrum efficiency of CDMA compared with TDMA
                      Spectrum efficiency is defined as the maximum number of traffic channels per MHz per cell. The spectrum efficiency depends upon the average bit error rate that is adequate for a service quality. In TDMA system, the channel capacity is fixed to a finite number of time slots and new users cannot be accommodated when each of these slots is filled. Due to GSM’s better error management and frequency hopping the interference of the co-channel is reduced. This allows the frequency to be reused without any
Degradation in quality of the service. With three different sets of frequency allotted to spread TDMA can have an efficiency of 6.6. To compute this in a CDMA technology certain assumptions are made. Using very optimistic assumption it gives an efficiency of 45 users per call per MHz and the pessimistic assumption the value is 12 which still gives CDMA a 2:1 advantage over TDMA.

Differences between CDMA and TDMA

                         CDMA technology claims that its bandwidth is thirteen times efficient than TDMA and forty times efficient than analog systems. CDMA also have better security and higher data and voice transmission quality because of the spread spectrum technology it uses, which has increased resistance to multipath distortion. The battery life is higher in TDMA compared to CDMA because CDMA handsets transmit data all the time and TDMA does not require constant transmission. CDMA has greater coverage
area when compared to TDMA. Though, when it comes to international roaming TDMA is better than CDMA. CDMA is patented by Qualcomm, so an extra fee is paid to Qualcomm. When it comes to United States and Canada market size for CDMA is larger than GSM’s market size but worldwide the market size for GSM is far bigger both in the number of subscribers and coverage ,than CDMA.

Conclusion

                           From the comparisons made above we cannot say that TDMA is better than CDMA or vice versa. The main advantage of the CDMA is that, in the single detection method it is more flexible than TDMA or joint detection. CDMA is said to have higher capacity than TDMA. But in the future GSM can be extended by an optional CDMA component in order to further increase the capacity. Finally, it does not matter whether which one is better CDMA or TDMA right now. It can be only found out with the evolution of these technologies. When going for a cell phone the user should choose the technology according to where they use it. For users who travel abroad it is better to go with GSM handsets. For the users in United States CDMA is better than TDMA because of the coverage we can get at rural areas where digital signals cannot be transmitted.
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