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1 Introduction

General presentation and plan of report.

1.1 Aim of project

The aim of the project is the study of the Orthogonal Frequency Division Multiplexing modulation. The questions are what are the main principles that technology use ? What are the advantages and disadvantages in regard with the other schemes ? In which case, environment is it used ? what is the actual state-of-the art of it ? Where do we meet OFDM technology nowadays, and in the future ? What are today’s standards ? Is it a mature technology

1.2 Abstract

Orthogonal Frequency Division Multiplexing (OFDM) is a new digital modulation technique who consists of transmitting a data stream on several carriers instead of using only one carrier. The general concept has been first introduced in 1971, but it’s only in the last decade, with the development of Digital Signal Processors (DSP) that applications become visible.

OFDM is mainly used on wideband transmissions. We’ll see that OFDM is well suited for transmissions in frequency selective channels. Such a situation is met for example in multipath environments.

Applications nowadays find place in most of high data rate, wideband transmissions. 

· In audio and television broadcasting (DAB and DVB) where usually high data rate transmissions are required in multipath environment. We’ll see too that OFDM permits the use of a single frequency network (SFN) where one broadcast multiplex can be sent at the same frequency with several transmitters.

· In wireline transmission : ADSL to transmit data at a very high rate on copper wire lines. The problem here is that characteristics of the line are not known and may change among users. 

· In wireless LAN networks with HiperLAN/2 standard where transmissions occurs at very high data rate (~10 Mb/s) in indoors environment (strong multipath environment). 

1.3 Plan of report

In the next chapter, we’ll explain the principle of OFDM modulation by introducing things intuitively. We’ll then see some points more in details by doing a mathematical description. Then, we’ll focus more on the practical aspects of OFDM : the implementation and the problems that modulation suffer from.

The third chapter is dedicated to the main applications of OFDM nowadays. We’ll focus particulary on Digital Audio Broadcasting (DAB) application since it covers most aspects of an OFDM transmission.

Also, in order to touch the problem of implementation, we’ll make an OFDM transmission simulator on MATLAB.

2 OFDM

Description of Orthogonal Frequency Division Multiplexing modulation.

2.1 Channel

When doing radio transmission on high frequencies (VHF and higher) we are often confronted to a multipath environment. Such environment are found mostly in urban areas where buildings reflects waves.

2.1.1 Frequency selectivity

One problem of multipath is that the resultant of waves from different paths can be constructive or destructive depending on the position, so signal change over time when moving. You can experiment that when listening on FM radios while driving in a city : signal is cut by noise when moving.

Generally we speak of a frequency selective channel. Characteristics may change fast when moving. That’s why the channel is also time varying.
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Typical frequency response of a channel suffering from mutlipath propagation

The aim of equalization is to compensate the problems introduced by frequency selectivity.

2.1.2 Delay spread

Another effect that affect digital transmission, is that the signal coming from different paths has different time delays depending on the length of path. A consequence of that is memory of channel which cause interference between symbol received (ISI).
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2.2 Qualitative description

2.2.1 The problem of wideband transmission on a single carrier

When transmitting wideband on frequency selective channels, equalisation must be performed in order to avoid intersymbol interference. Equalisation try to make the channel flat. In order to do that channel state information is needed. Training sequences have then to be transmitted periodically to estimate channel. Channel estimation is performed by several calculations and is then CPU time consuming. So when data rate is high and when characteristics of channel change rapidly CPU power needed is high and system become expensive. 

Also is the symbol period very small compared to the channel memory. That cause strong Intersymbol Interference (ISI) and equalization is needed to correct that problem.
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2.2.2 Multicarrier transmission

The idea of multicarrier transmission is to divide bandwidth in several narrow band transmissions so that the channel looks flat on each carrier. The data stream to transmit is then split among the carriers instead of being tranmsitted on one carrier with large signal bandwidth. That’s what is meant by Frequency Division Multiplex (FDM). The advantage is that no or less complex equalization is needed.

The symbol period on each carrier become large and the effect of channel memory (length of channel impulse response) become less destructive on the symbols, so intersymbol interference (ISI) is reduced and less equalisation is needed.

Each carrier is modulated using any known modulation scheme like QAM and PSK schemes.
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2.2.3 Orthogonality

In a transmission system, we want the occupied bandwidth on the channel to be as small as possible. For that, in a multicarrier system, we try to set a minimum frequency space between carriers without having intercarrier interference (ICI). The minimum space is reached when carriers are orthogonal to each other, signal from each can have a small overlap on the other without causing interference. That’s what is meant by the « O » (Orthogonal) of OFDM. We’ll see further that the inverse fourier transform has that orthogonality property.
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2.2.4 The guard interval

One way to avoid Inter-symbol interference is to set a small gap equal to the duration of delay spread between the symbols. So, each symbol does not affect the next one. We’ll also see later that this interval plays an important role in the implementation.

2.2.5 Comparison with other schemes

Simple schemes (QAM, … )  as we have just seen, suffer from strongISI when channel memory increase and then strong equalisation is needed. Also the risk of signal loss is high in frequency selective fading channels

CDMA (or spread spectrum) schemes. In order to have high data rate transmissions, receiver has to compute correlations at a high rate and it is CPU time consuming.

2.3 Mathematical description


Let us consider the general problem of transmitting a signal S(t) over the time-varying channel c(t,(). The sampling version of S(t) is a bit stream S[n] that is demultiplexed onto N carriers.

2.3.1 Multicarrier approach:


The bit stream S[n] is shared onto all carriers, each one to be produced some data to transmit. Then the bit stream is divided in sub-stream 
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called OFDM symbol, we use two indexes n being time index and k the sub-stream index (index used for carrier recognition). The carriers do not receive an amount of bit since the bit stream is pre modulated, the required amplitude and phase of the carrier is then calculated using BPSK, QPSK or QAM before demultiplexing. A variant of OFDM is COFDM (coded orthogonal frequency division multiplexing), where forward error coding is applied to the signal before transmission, to overcome errors due to lost carriers from frequency selective fading, channel noise and other effects of propagation. But the main focus of this project is OFDM.
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2.3.2 Inverse Fourier Transform:


OFDM uses the available spectrum efficiently by spacing the channels much closer together. This is achieved by making all the carriers orthogonal to one another, preventing interference between the closely spaced carriers. To generate OFDM successfully the relationship between all carriers must be carefully to maintain the orthogonality of the carriers. For that, after choosing the spectrum required, we have to convert it back to its time domain signal using an Inverse Fourier Transform. In most applications, an Inverse Fast Fourier Transform is used, it performs the transformation very efficiently, and provides a simple way of ensuring the carrier signals produced are orthogonal.
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So, we can write:
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For l = 0, 1, …, N-1

2.3.3 Adding a guard interval:


One of the most important properties of OFDM transmissions is the robustness against multipath delay spread. This is achieved by having a long symbol period, which minimizes the inter-symbol interference. The level of robustness, can in fact be increased even more by addition of a guard interval between transmitted symbols. The guard period allows time for multipath signals from the previous symbol to die away before the information from the current symbol gathered. The most effective guard interval to use is a cyclic extension of the symbol. Why?

The Fast Fourier Transform that we will use at the receiver, transforms a cyclic time domain signal into its equivalent frequency spectrum. The signal 
[image: image4.wmf][

]

k

x

n

 is not necessary cyclic… Let form a cyclic signal of N+L-1 samples by repeating the last L-1 samples 
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 at the beginning of the signal. This technique is called guard interval by cyclic prefix. The number L of samples to repeat is taken more than the memory of the channel. So we the resulting cyclic prefixed signal is:
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2.3.4 Limitation of bandwidth:


The frequencies used in OFDM are regularly spaced in the spectrum required so, the time domain signal 
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 has to be limited in the frequency domain. For this reason we will make a convolution between the signal and a window function that has a spectrum limited exactly on the required one. (All window functions have a limited spectrum). We have chosen to use the raised cosine function to limit our signal spectrum and we will note it 
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. The signal to send over the channel is:
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Example of an OFDM spectrum

2.3.5 Channel and receiver parts: 


Let consider the problem of transmitting the signal 
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 over the time-varying linear channel 
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 without additional noise. If we call 
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 the sampling version of the channel, then the output of obtained by the channel is:
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m = 0,1,…, N+L-1


The receiver basically does the reverse operation to the transmitter. The signal received is 
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 that has N+L-1 samples, before the demodulation, we have to drop the L last samples of the received signal, and then remove the guard period, in order to use correctly the Fourier Transform properties. Indeed the demodulation operation is a simple FFT according to the IFFT used as modulation. We need to find out N samples (one per carrier) as at the modulator input, let apply an FFT to the signal 
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The first term of the multiplication above looks like a Fourier Transform expression. In fact, if we restrict the summation index from m = 0 to m = N-1 it is equivalent to drop the L last samples of the signal 
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. So the signal produces by the demodulator is:
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A simple division by the channel frequency response gets back the transmitted signal. This modulation does not need any equalization and the data samples are then combined back to the same size as the original data.

2.4 Synoptic of an OFDM transmission system

Implementation of OFDM modulation nowadays is almost everytime performed digitally.

Here’s a model of an OFDM transmission system
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Data coming from the input are arranged into vectors with number of components equal to the number     of carriers. Each component is composed by a number of bits depending on the alphabet of the modulation scheme used on the next stage. For example, if we use a 1536 carriers system with BPSK, we’ll have vectors of 1536 component each one composed by 1 bit (BPSK is 2-ary).

· Each component (group of bits) is mapped into a complex symbol depending on the alphabet of the modulation scheme used. For example, with BPSK the alphabet is { -1 ; +1 }.
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In order to obtain real samples after IFFT, a 2*Number of carrier points IFFT is done with :

· The Inverse Fast Fourier Transform algorithm (IFFT) is applied to the vector giving a real samples vector.

· The guard interval is added at the beginning of the vector by repeating the components of the end. Vectors are concatenated to form a time signal (parallel/serial conversion)

· Windowing the signal is necessary to limit the bandwidth. Most used window is the raised cosine.

· The signal is then passed trough the channel. Channel is modeled by a linear system with frequency response c(t) together with a source of additive Gaussian noise.

· At the reception, signal is rearranged again into vectors (serial/parallel conversion) and guard interval is dropped.

· Fast Fourier Transform (FFT) is computed in order to get back the complex vector of symbols.

2.5 Problems in OFDM

2.5.1 Orthogonality:


As seen above the fact to have several carriers is actually advantageous whenever they are mathematically orthogonal. So carriers orthogonality is a constrain that can leads to a wrong operation of OFDM systems if not respected. The orthogonality is provided by IFFT that a numerical manipulation, an error of computation could change lightly spacing between to consecutive carriers and break the orthogonality of the whole system. In this case OFDM loses all its efficiency, because the notion of orthogonality is an absolute one.

2.5.2 Synchronization:


One of the crucial problems in the receiver is to sample the incoming signal correctly. If the wrong sequence of samples is processed, the Fast Fourier Transform shall not correctly recover the received data on the carriers. The problem is more embarrassing when the receiver is switched on. There is therefore a need for acquiring timing lock. If the signal transmitted is really time domain periodic, as required for the FFT to be correctly applied, then the effect of the time displacement is to modify the phase of all carriers by a known amount. This is due to the time shift theorem in convolutional transform theory.
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However, the signal is not really repetitive, we have cheated and performed the mathematical transform as if it were repetitive, but then chosen different symbols and transmitted them one after the other. The effect of the time shift would then be not only to add the phase shift referred to above, but also to add some intersymbol interference with adjacent symbols. This interference could hardly degrade reception.


To avoid these problems, we decide to transmit more than one complete sequence of time samples in order to increase the tolerance in timing. It’s an additional data guard interval. It is built by repeating a set as long as channel memory of last samples taken in the original sequence. The longer the guard interval, the more rugged the system, but guard interval does not carry any useful information and its transmission leads to a penalty of power.

One technique used to obtain good synchronization is to add between each OFDM symbol a null (zero samples) symbol. This technique is used in DAB for time synchronization. 

2.5.3 Peak Average Power Ratio (PAPR):


When the phase of different subcarriers add up to form large peaks, an important complication comes in OFDM systems. This problem is called Peak Average Power Ratio (PAPR) and it is defined for each OFDM signal on a time interval [n, n+Ts] by the following formula:


For continuous signals





[image: image27.wmf][

]

ò

+

+

Î

=

s

s

t

n

n

T

n

n

t

n

dt

t

x

t

x

)

(

)

(

max

2

2

,

c



For sampled signals
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In OFDM systems PAPR can have very high values for certain input sets of sample 
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 and overload non-linear characteristics of systems, causing inter-modulations among different carriers and undesired out-of-band radiation.


Another main drawback of PAPR can be seen as quantization noise domination towards the performance of system. This domination can be excited by avoiding the clipping effect of the maximum level of the Digital to Analog Converter (DAC) that is set too high.


Various techniques are proposed to reduce PAPR in OFDM signals, but that reduction is not obvious because PAPR and SNR are closely linked. We will not expound those techniques in this paper, they can be found in reference [14].

2.5.4 Effect of clipping in OFDM signals:


When transmitted signals have high PAPRs, amplifiers may produce “clipping”. In some way, clipping can be regarded as peaks of the input signal being simply cut-off by amplifiers. Consequences of clipping are out-of-band radiation and inter symbol interference between subcarriers. In order to avoid these undesired effects that reduce OFDM performances, one has either to use amplifiers with dynamic range, or try to reduce PAPR. The first alternative is expensive, the second one is more often used.

2.5.5 Phase noise:


At the receiver, a local oscillator can add phase noise to an OFDM signal, for example. The phase noise could so have two effects those are: Common Phase Error (CPE) due to a rotation of the signal constellation and, Inter Carrier Interference (ICI), similar to additive Gaussian noise. The BBC R&D have made analysis of the effects of phase noise on an OFDM signal, this analysis shows that CPE arises simultaneously on all carriers. Indeed, the signal constellation within a given symbol is subject to the same rotation for all carriers and this effect can be corrected by using reference information within the same symbol. Unfortunately, ICI is more difficult to overcome, due to the additive noise, which is different for all carriers. This difference can be interpreted as a loss of orthogonality.

2.5.6 Frequency error:


An OFDM system can be subject to two types of frequency error. They are Frequency offset (as might be caused by the tolerance of the local oscillator frequency) and, Error in the receiver master clock frequency (which will cause the spacing of the demodulating carriers to be different from those transmitted). Before to find solutions to those problems, the system designer needs to determine how much residual frequency error is permissible, and understand exactly how errors affect the received signal.


Both of these error situations have been analyzed so, a frequency offset affects most carriers equally, with the very edge carrier less affected. ICI resulting from a fixed absolute frequency offset increases with the number of carriers, if the system bandwidth is kept constant. About error in the receiver clock frequency, in absence of frequency offset, it affects carriers unequally (the center carrier suffers a little while the worst affected carrier lies close to, but not at, the edge).

2.5.7 Conclusion

At the reception, it is very important to distinguish the starting point of FFT to avoid wrong demodulation. And so synchronization has to be precise. It explains the use of special symbols (pilot) for synchronization in transmission.

Hardware design of transmitter and receiver is important because of high peak to average ratio which cause distorsions if dynamic range of amplifiers and converters is not high enough.

OFDM is very sensitive to carrier frequency offsets. Such offsets are mainly the cause of receiver local oscillators instability and doppler effect when mobile is moving.

2.6 Design of an OFDM system

2.6.1 Bandwidth

Occupied bandwidth is of course directly related to the data rate to transmit. However, the question is , what is the minimum bandwidth to take in order to obtain enough diversity and avoid the loss off all the signal in frequency selective fading environments. On the other hand much bandwidth means also much transmitting power. There is a tradeoff between bandwidth and transmitted power.

That optimal bandwidth is found by channel simulations and field test trials. In DAB, for example, a bandwidth of 1,5 Mhz is a good compromise for the type of propagation conditions that apply. 

2.6.2 Number of carriers

We have seen that the greater the number of carriers, the greater the symbol period on each carrier and so lees equalization is needed and the greater the diversity offered by the system. However, with differential modulation, it is important that the channel not vary too much during one symbol period. This is not the case when the receiver is moving because of dopler effect and short term fading. Then a great number of carrier will limit the moving speed. This is another tradeoff of OFDM. 

Another problem is the complexity in the implementation increase when carrier number increase because large FFT are needed.

To continue with the DAB example, 1536 carriers has been found to be a good compromise. That lead to a carrier spacing of 1kHz and a symbol period of 1ms. Moving speed of mobiles shouldn’t get over 160 km per hour.

2.6.3 Guard interval

The tradeoff of guard interval is to set it large enough to avoid intersymbol interference depending on the memory of channel and transmitter position spacing in a single frequency network. On the other hand, we want it to be as small as possible as it carries no information and can be seen as a spoil of bandwidth.

In wireless systems, a guard interval of 25% of symbol period is often met and seems to be a good compromise. That is the value taken for DAB, it allows a maximum distance of about 80 kilometers between transmitters

2.6.4 Modulation

The modulation scheme used on each carrier depends on the BER needs.

In DAB, QPSK is used but for higher order systems 16, 64 or 256 QAM is used.

2.6.5 Coding

Channel coding is very important in OFDM systems. When we speak of diversity, that is possible because information is redundant among the carriers.

Coding associated with frequency (among carriers) and time interleaving make the system very robust in frequency selective fading.

In litterature, coded OFDM systems are sometime called COFDM.

Applications

Applications of OFDM in digital communications nowadays.

2.7 General

We have seen that OFDM is digital transmission technique well suited for wideband, high data rate transmissions. The main advantage is that less equalisation is necessary.

A consequence of that is that OFDM is not a very good solution for one to one communications with several users on a shared channels, because of the problem of frequency allocation. However on super high frequency bands (SHF) and Extremely high bands (EHF) where occupied bandwidth is not a great problem, OFDM may be a good solution for one to one communications. But, nowadays, OFDM is mainly used for one to many (broadcast) communications like radio or television broadcasting. That’s why we find OFDM on several new digital broadcasting systems such as DAB and DVB.

2.8 DAB

Digital Audio Broadcasting (DAB) is an international, standardized digital broadcasting system developed by the European EUREKA-147 Project. The system should completely replace, in the future, the well-known analog FM (Frequency Modulation) radio system on the 88-108 MHz frequency band. 

The DAB system is digital and provides CD-like audio quality. DAB is much more robust to interferences and is well suited for mobile reception like in a car. New possibilities are available on receivers like for example multimedia features (image and texts). The transmission scheme used for DAB is OFDM modulation
DAB is being deployed around Europe and some other countries nowadays, receivers are still expensive like CD players in the beginning of eighties but we might expect to see a wide use of it in the next 5 years.

2.8.1 What bandwidth to use for OFDM?


The wider the bandwidth, the more probably that the system overcome the correlation bandwidth of the channel.

Problem to overcome: Short delay echoes are the main problems to overcome, and as these are always present there is no hard bound. The narrower the bandwidth, the more likely it is that the whole signal will be affected. There is a trade off between bandwidth and transmitter power.

Bandwidth: 7MHz few problems


2 MHz degradation of 1dB in performance at each point


<1.5MHz degradation starts to increase


200KHz used for FM sound, then the margin required would be an additional 6dB or so.

Trade off: 1.5MHz for the type of propagation conditions that apply to mobile and portable radio reception.

Bit-rate:
On each carrier the modulation system used is QPSK, the carriers are separated by a gap of around 1/Ts, where Ts is symbol period. The maximum bit rate available is so 2bit/s/Hz of the bandwidth. This figure is reduced by the inefficiency (signal redundancy) of the guard interval, the null symbol and the error coding. For DAB, this brings the useful bit-rate down about 1 bit/s/Hz of the bandwidth.


Therefore a DAB system will provide just less than 1.5Mbit/s of useful data. This is considerably more than 256kbit/s that needed for high-quality stereophonic program, so the implication is that several broadcast programs will share the same multiplex.

2.8.2 How many carriers could we use?


About the number of carriers, the more there are, the greater is the resolution of the diversity offered by the system. For the differential demodulation to work properly, the multipath environment must change slowly from symbol by symbol. Thus, there is limit to the symbol and hence the number of carriers. For static reception, this is not a major problem. But for mobile reception, the motion of the vehicle leads to changes in the multipath environment. Over a symbol period, a vehicle moving at a velocity v m/s will travel vTs*f/c wavelengths. This is fd*Ts, where fd is the maximum Doppler shift. If this is to introduce negligible phase distortion, then the function fd must be small. A figure of fd<0.02 has been proposed as suitable for general use. To achieve high vehicle velocities (>160km/h) it has been necessary to adopt three modes of operation, each mode being suited to a difference part of VHF and UHF frequency bands. The main difference between modes is the symbol period and, as a direct consequence, the number of carriers.


If it will be only a question of single transmitter, then the significant echoes would all be relatively short. Surveys indicate that guard interval of the order of 10(s would satisfactory for the majority of location, in the UK for example. The use of several transmitters puts a limit on the minimum guard interval that should be used. The transmissions from areas that are some distance away can reach quite high levels on occasions of anomalous propagation. This has to be a compromise between a small number of high power transmitters spaced by about 50km, or a much larger number of low-power transmitters. Because the first option is likely to be cheapest, the guard interval is to set about 250(s, equivalent to a maximum in transmission distance at the receiver.


The symbol period need not be directly related to the guard interval. It is a just question of how much of the symbol period is repeated in the guard interval. This is purely a matter of efficiency, as the power transmitted in the guard interval does not form a useful part of the data information in the receiver unless there are substantial echoes. To minimize the power loss by the system, it is desirable to keep the guard interval to as low a percentage as possible of the symbol period. In practice, a guard interval of the order of 25% of the symbol period has been found to be good compromise.


If we consider a guard interval of 250(s, this leads to a symbol period of 1ms and a carrier spacing of about 1 kHz. It means approximately 1500 carriers (W=1.5MHz) in the minimum bandwidth that would be desirable for one OFDM transmission. In practice, one uses 1536 carriers with a guard interval of 512. Then the channel receives symbols that have 2048 length so, the guard interval is the quarter of the symbol total length. 

2.9 ADSL

Asymetric Digital Subscriber Line (ADSL) is a technique to transmit high data rates (up to 6 Mb/s downlink, 640kb/s uplink) on Subscriber Lines (telephone lines). Such lines consist of twisted copper wires. The idea is to use the full capacity of the line instead of using only 4 khz needed to transmit voice. Occupied bandwdth goes to 1.1 MHz.

The main problem is that the characteristics of the line change among users. They change with distance, presence of bridged taps in the line, neighbourhood of other lines, … . The results are reflections at certain frequencies which cause attenuation, velocity dependant of the frequency which causes ISI. The situation is very similar to wireless channels.

There are 2 possible modulation schemes usable for ADSL : CAP (Carrierless amplitude phase) that is similar to QAM and Discrete Multitone (DMT) that is another appellation for OFDM.

Nowadays, it seems that DMT is the retained candidate for ADSL. The downlink consist of 222 tones (carriers) and uplink is splitted in 24 tones. 2 to 15 bits are coded by tone. The transmission rate is optimized with respect to line conditions. If transmission on one of the tone is disrupted because of strong reflections and interferences at the frequency band, transmission is suspended on that tone by modem.

2.9.1 HDSL 

HDSL : High bit rate Digital Subscriber Line is another implementation for symetric speeds (uplink rate = downlink rate). The rate is fixed to 1,6 Mb/s. The sampling rate is 640 KHz, the number of carriers is 256. 256 QAM subsymbols are applied to a treillis encoder and then modulated by a 512 points IFFT.

2.10 Hiperlan/2

2.10.1 Definition

HiperLAN2 is the all new high performance radio technology, specifically suited for operating in LAN environments. HiperLAN2 is a technology being developed within the European Telecommunications Standardisation Institute (ETSI) and a final specification is due to be finalised at the end of 1999 or beginning of 2000.

HiperLAN2 operates in the unlicensed 5 GHz frequency band, which has been specifically allocated to wireless LANs. In contrast to the IEEE 802.11 wireless Ethernet technology, HiperLAN2 is connection-oriented. Connections over the air are time-division multiplexed.

Connections can also be assigned different Quality of Service (QoS). This QoS support allows for the transmission of a mix of different types of technologies, e.g. voice, video, and data. There are also specific connections for unicast, multicast, and broadcast transmission.

HiperLAN2 allows for interconnection into virtually any type of fixed network technology. Thus, HiperLAN2 can carry, for example, Ethernet frames, ATM cells, IP packets, etc. A likely first scenario for HiperLAN2 is to use it between a mobile terminal such as a laptop, and an access point.

OFDM is the modulation used in the physical layer of HiperLAN2, with a 64 point Fast Fourier Transform. For the subcarrier modulation we have choice between BPSK, QPSK, and 16-64 QAM; the symbol period used is 3.6µs with a guard interval of 0.8µs (optionally 0.4µs). The demodulation is coherent. OFDM obviously provides intentionally wide frequency band and a potential bit-rate of 54Mbit/s.

2.10.2 What is the mission statement of H2GF?

Drive the adoption of HiperLAN2 as the globally accepted, broadband wireless technology in the 5GHz band, providing connectivity for mobile devices in corporate, public and home environments.

2.10.3 Who are the founding members?

 Bosch, Dell, Ericsson, Nokia, Telia, Texas Instruments

2.10.4 When will the H2GF be launched?

The world-wide launch of HiperLAN2 will take place on the 14th September 1999 in Atlanta and simultaneously in London
2.10.5 How does HiperLAN2 work?

HiperLAN2 operates in the dedicated spectrum in the 5 GHz band. It provides connections, which can be assigned a specific QoS, over the air between the terminal and the base station. While on the move, HiperLAN2 automatically performs handover to the nearest base station (called access point in HiperLAN2). HiperLAN2 also has strong security support, including both authentication and encryption and has a built-in facility for automatic frequency allocation, removing the need for frequency planning.

2.10.6 Examples of use and scenarios:

With HiperLAN2 installed, workers on a construction site can use laptops to collect blue prints, order materials and communicate with experts. By sending short video sequences via the integrated camera to an expert in real time, a problem can be looked at and discussed, using the high quality audio function, then promptly solved. The broadcast function also means that everyone working on site can be contacted with any information - and that creates a more efficient on-site operation. This application looks like DVB-T and uses OFDM by the same way.

HiperLAN2 benefits companies with a flexible workforce. Employees can transfer their laptops computers from one project to another and continue to exchange large amounts of information between project members and the company server. It is also possible to connect several desktop computers and video projectors via HiperLAN2.

Domestic electronics like televisions, cameras, stereo equipment and computers can all be interconnected by HiperLAN2 using small H2 modules which automatically establish connectivity. HiperLAN2 allows multimedia equipment to be intelligently controlled from any computing device in the home without the need for network cables.

HiperLAN2 enables travellers and employees to work whilst on the move, giving them access to the company network, the Internet as well as allowing them to make and receive multimedia calls. Aircraft Engineers can also benefit from the technology. With customised software, they can access information from databases and get in touch with experts on site.

HiperLAN2 benefits both students and lecturers, allowing wireless access to the university intranet. Covering the entire campus, students can access information, such as videotaped lectures and remote supervision transmitted by their lecturer and two-way communication can take place between students and lecturers through laptops.

2.11 Other applications

· Wireless ATM transmission system. For description, please refer to [17].

· Proposed scheme for UMTS air interface for bit rates higher than 384 kbps (by Telia). But the problem of synchronization of all mobiles in the uplink to the base station is still under study.

Simulation

Some results of the simulation of an OFDM system.

2.12 Results

The OFDM model used for the implementation is described in 2.4.

The program has been implemented in matlab. The channel simulation program « propag.c » (has been given to us by a person who doesn’t know the authors of the sources) associated with gene_fad.m computes a vector composed y delays and amplitude of each path. The model used is Raleigh fading.

Here are some results with an OFDM transmission on 1536 carriers with differents modulation schemes on each carrier.

2.12.1 OFDM QAM transmission with only additive noise
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2.12.2 OFDM QAM transmission with Raleigh channel model
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2.12.3 OFDM BPSK transmission 
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2.12.4 BPSK transmission on one carrier
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2.12.5 OFDM 4-PAM transmission
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2.12.6 4-PAM Modulation one carrier
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Conclusion

2.13 Future

2.13.1 Multi Carrier CDMA (MC-CDMA):


The project of MC-CDMA addresses the design of improved wireless radio networks. The mobile or indoor radio channel is characterized by multipath reception: the signal offered to the receiver does not contain only a direct line-of-sight radio wave, which causes significant degradation of the network performances. The effects of multipath radio propagation, modulation and coding added to signal processing techniques on the spectrum efficiency and performance of the wireless radio networks are studied, in particular OFDM and related transmission methods. MC-CDMA intends to further develop the insight in the performance of multi-user systems using OFDM. In particular, this concept is combined with CDMA.


MC-CDMA uses Direct Sequence CDMA (DS-CDMA) merely for multiplexing, but chooses the signal waveforms using the OFDM principle. Indeed, MC-CDMA is a form of DS-CDMA, but after spreading, a Fast Fourier Transform is performed; it can be seen also as a form of OFDM, but we first apply an orthogonal matrix operation to the user bit-stream. Therefore, MC-CDMA is sometimes called CDMA-OFDM. The main improvement of MC-CDMA between OFDM is avoidance of bit errors on subcarriers that are in a deep fade. For that, OFDM generally applies coding (It is the variant of OFDM, which we have called COFDM). Hence the number of subcarriers needed is larger than the number of bits or symbols transmitted simultaneously. MC-CDMA replaces this encoder by an N*N matrix operation. The initial results reveal an improved BER.


The applications of CM-CDMA are almost same than OFDM one and try to achieve best performances. For example about Digital Audio Broadcasting (DAB), MC-CDMA is robust against fading caused by natural multipath and, it can also work if signals are received from two different transmitter sites.

2.14 Conclusion

Because of the great work on third generation mobile networks (UMTS,…) nowadays, everybody speak and think CDMA for digital transmission. However, we’ve seen that OFDM is able to handle very high data rate transmission without too much complexity at the receiver. For that, it is a prefered scheme for digital wideband transmission. So, in the near future, as offering digital wideband transmissions is the new challenge for operators, we might expect to see an explosion in the use of  communications systems using OFDM modulation :

·  In the subscriber line with XDSL techniques. ADSL commercial tests are currently running in France.

· In the broadband multimedia transmissions with DAB and DVB. DAB networks are being deployed around big cities

· In wireless LAN with HiperLAN/2 standard. HiperLAN/2 allow wide area coverage and for that some people think that such a network may be deployed before UMTS. 

However some areas in OFDM are always under researches. This the case for synchronization and coding methods to reduce PAPR.

Eldo Mabiala





Mathias Coinchon

Annexes

2.15 Bibliography :

1. J.H. Stott :The effects of frequency errors in OFDM. BBC R&D Report BBC RD 1995/15.

2. P. Shelswell : The COFDM Modulation System. BBC Report BBC RD 1996/8.

3. J. Stott :The effect of phase noise in COFDM, BBC R&D

4. Explaining some magic of OFDM

5. J. Proakis : Digital Communications, McGrawHill

6. Sari, Karam, Jeanclaude : Transmission techniques for digital terrestrial TV broadcasting ; IEEE communications magazine Febr 1995 vol.33 no.2

7. P. Duhamel : Le système de transmission du projet DAB : Porteuses orthogonales (OFDM)

8. Lazlo Hazy : Initial Channel Estimation and Frame Synchronization in OFDM Systems for Frequency Selective Channels. http://www.sce.carleton.ca/~Laszlo.Hazy/OFDM/
9. John M. Cioffi : A multicarrier primer. 
http://www-isl.stanford.edu/~cioffi/papers.html
10. E. Lawrey : The suitability of OFDM as a modulation technique for wireless telecommunications, with a CDMA comparison ; http://www.eng.jcu.edu.au/eric/thesis/chapter1.htm#Introduction

11. Speth, Fechtel, Fock, Meyr : Optimum receiver design for wireless broad-band systems using OFDM ; IEEE trans. on communications vol 47 no 11 February 99

12. Chow, Tu : A discrete Multitone Transceiver System for HDSL Applications, IEEE Journal on selected areas in communications vol.9 (6) August 1991.

13. Maddocks, Pullen, Green : Digital Audio Broadcasting, Measuring techniques and coverage performance for a medium power VHF single frequency network. BBC R&D Report BBC RD 1995/2. 

14. Bonaccorso, Mhirsi : Reducing peak to average power ratio in OFDM systems. Student Eurecom project 1998.

15. Dutta-Roy :A second wind for Wiring (ADSL) ; IEEE Spectrum spetember 1999

16. ADSL Forum on http://www.adsl.com
17. Prasad : Universal Wireless Personal Communications ; Artech House

18. P.Humblet : Telecommunications ; Eurecom course notes Spring 1998

19. G. Caire : Wireless Communications ; Eurecom course notes 1999

All BBC R&D articles given here are available on their web site : http://www.bbc.co.uk/rd

A list of interesting links concerning OFDM can be found at :
http://studwww.eurecom.fr/~coinchon/ofdm.html

2.16 Glossary

ADSL : Asymetric Digital Subscriber Line

BER : Bit Error Rate 

DSP: Digital Signal Processor
ICI : InterCarrier Interference

ISI : InterSymbol Interference

LAN : Local Area Network

Multiplex : mix of several sources

OFDM : Orthogonal Frequency multiplexing

QAM : Quadrature Amplitude Modulation

SFN : Single Frequency Network

VHF : Very High Frequency

Matlab code

The code has been removed as parts of it comes from industrial partners who want to keep it confidential. Sorry for this inconvenience.
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