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Abstract: The demand for high-speed mobile wireless communications is rapidly growing. OFDM technology
promises to be a key technique for achieving the high data capacity and spectral efficiency requirements for
wireless communication systems of the near future. In our proposed method Adaptive modulation techniques is
used for maximizing the data throughput of subcarriers allocated to a user. It measures the SNR of each
subcarrier in the transmission, then selecting a modulation scheme that will maximize the spectral efficiency,
while maintaining an acceptable BER. This technique has been used in Asymmetric Digital Subscriber Line
(ADSL) to maximize the system throughput.In addition Adaptive user allocation improves signal power of 3-5
dB. Also in the first techniques Crest Factor (CF)is reduced by using OFDM pilot symbols ,in the second
techniques reduces the CF of data carrying symbols, by including additional subcarriers
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I.  Introduction:

This paper presents an investigation into methods for maximizing the spectral efficiency of Orthogonal
Frequency Division Multiplexing (OFDM) systems. As part of this, an investigation of detrimental effects on
OFDM is presented, showing the effect of: band pass filtering, the use of a raised cosine guard period, clipping
distortion, Additive White Gaussian Noise (AWGN) on modulation BER rate, time synchronization error, and
frequency offset errors. An investigation of two adaptive techniques is also presented. These techniques utilize
knowledge obtained by dynamically tracking the radio channel response, to optimize the user frequency, and
subcarrier modulation. Adaptive modulation independently optimizes the modulation scheme applied to each
subcarrier so that the spectral efficiency is maximized, while maintaining a target Bit Error Rate (BER).For a
fading channel, adaptive modulation results in an improvement of 12 - 16 dB in the Signal to Noise Ratio (SNR)
required to maintain a given BER, as compared with fixed modulation. Adaptive user allocation exploits the
difference in frequency selective fading between users, to optimise user subcarrier allocation. In a multipath
environment the fading experienced on each subcarrier varies from user to user, thus by utilizing user/subcarrier
combinations that suffer the least fading, the overall performance is maximized. Adaptive user allocation results
in an additional average signal power improvement of 3 - 5 dB.

In addition, two techniques are presented for reducing the Crest Factor (peak to average power ratio
of the RF signal envelope) of OFDM signals. The first technique is a phasing scheme for OFDM pilot symbols,
which uses genetic algorithms to optimize the phase angle of each subcarrier. This technique achieves a lower
CF than any previously published techniques, obtaining a CF as low as 0.65 dB, which is 2 dB lower than
commonly used techniques. The second technique reduces the CF of data carrying symbols, by including
additional subcarriers that are optimized in amplitude and phase to cancel out the peaks in the overall OFDM
symbol. This was found to produce a net improvement of 4 dB to the worst-case symbol CF.

Il.  System Model:

Adaptive modulation is a powerful technique for maximizing the data throughput of subcarriers
allocated to a user. Adaptive modulation involves measuring the SNR of each subcarrier in the transmission,
then selecting a modulation scheme that will maximize the spectral efficiency, while maintaining an acceptable
BER. This technique has been used in Asymmetric Digital Subscriber Line (ADSL) to maximize the system
throughput. ADSL uses OFDM transmission over copper telephone cables. The channel frequency response of
copper cables is relatively constant and so reallocation of the modulation scheme does not need to be performed
very often, as a result the benefit greatly out ways the overhead required for measuring of the channel response.
Using adaptive modulation in a wireless environment is much more difficult as the channel response and SNR
can change very rapidly, requiring frequent updates to track these changes
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Figl: block diagram of basic OFDM transceiver

Sets of functions are orthogonal to each other if they match the conditions in equation 1. If any two
different functions within the set are multiplied, and integrated over a symbol period, the result is zero, for
orthogonal functions. Another way of thinking of this is that if we look at a matched receiver for one of the
Orthogonal functions, a subcarrier in the case of OFDM, and then the receiver will only see the result for that
function. The results from all other functions in the set integrate to zero, and thus have no effect.

These subcarriers are orthogonal to each other because when we multiply the waveforms of any two
subcarriers and integrate over the symbol period the result is zero. Multiplying the two sine waves together is
the same as mixing these subcarriers. This results in sum and difference frequency components, which will
always be integer subcarrier frequencies, as the frequency of the two mixing subcarriers has integer number of
cycles. Since the system is linear we can integrate the result by taking the integral of each frequency component
separately then combining the results by adding the two sub-integrals. The two frequency components after the
mixing have an integer number of cycles over the period and so the sub-integral of each component will be zero,
as the integral of a sinusoid over an entire period is zero. Both the sub-integrals are zeros and so the resulting
addition of the two will also be zero, thus we have established that the frequency components are orthogonal to
each other.

I11.  Subcarrier Modulation:

Once each subcarrier has been allocated bits for transmission, they are mapped using a modulation
scheme to a subcarrier amplitude and phase, which is represented by a complex In-phase and Quadrature-phase
(1Q) vector. Figure2 shows an example of subcarrier modulation mapping. This example shows 16-QAM, which
maps 4 bits for each symbol. Each combination of the 4 bits of data corresponds to a unique 1Q vector, shown as
a dot on the figure. A large number of modulation schemes are available allowing the number of bits transmitted
per carrier per symbol to be varied In the receiver, mapping the received IQ vector back to the data word

performs subcarrier demodulation.
I-2 diagram for 16QAM
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Fig2: Example Of Id Modulation Constellation

During transmission, noise and distortion becomes added to the signal due to thermal noise, signal
power reduction and imperfect channel equalization. Each of the 1Q points is blurred in location due to the
channel noise. For each received 1Q vector the receiver has to estimate the most likely original transmission
vector. This is achieved by finding the transmission vector that is closest to the received vector. Errors occur
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when the noise exceeds half the spacing between the transmission 1Q points, making it cross over a decision
boundary.

3.1 Frequency To Time Domain Conversion

After the subcarrier modulation stage each of the data subcarriers is set to an amplitude and phase
based on the data being sent and the modulation scheme; all unused subcarriers are set to zero. This sets up the
OFDM signal in the frequency domain. An IFFT is then used to convert this signal to the time domain, allowing
it to be transmitted. In the
frequency domain, before applying the IFFT, each of the discrete samples of the IFFT corresponds to an
individual subcarrier. Most of the subcarriers are modulated with data. The outer subcarriers are unmodulated
and set to zero amplitude. These zero subcarriers provide a frequency guard band before the nyquist frequency
and effectively act as an interpolation of the signal and allows for a realistic roll off in the analog anti-aliasing
reconstruction filters.

IV.  Proposed Methodology:

OFDM has been used successfully in several broadcast systems, namely DAB and DVB, and for point-
to-point communications. However, its application in multiuser two-way communication systems has been
limited. Only recently has it been applied to Wireless LAN applications, with the development of HiperLAN2
and IEEE 802.11a .OFDM is a good contender for the RF interface in 4th generation mobile systems, however
not much work has been done to date in addressing the issues of applying.

OFDM in large scale multiuser applications. Multiuser OFDM provides a very Flexible RF interface
allowing users to be allocated using Frequency Division Multiplexing (FDM), by Time Division Multiplexing
(TDM) or a hybrid of FDM/TDM. In addition to this, the multicarrier nature of OFDM allows the radio channel
to be characterized and monitored quickly and easily, presenting numerous opportunities for optimising the
overall system performance, such as:

»  Allocating user subcarriers so as to minimize Signal to Interference Ratio
e (SIR) in cellular systems.

« Allocate subcarriers to minimize the effects of frequency selective fading.
»  Dynamically allocate the modulation scheme on an individual subcarrier
» basis to match the current channel conditions.

«  Dynamically change the bandwidth of each user based on the link quality.

This allows the bandwidth of weak users to be reduced so that their energy spectral density remains sufficiently
high to maintain communications

4.1 Peer-To-Peer Networking

Most current WLAN systems, such as networks using the IEEE 802.11b standard (11Mbps DSSS), use
peer-to-peer networking. This allows computers to communicate directly to each other. Computers on this type
of network, typically connect to the rest of the world via a single computer connected via a wired Internet
connection.

This computer effectively acts as a virtual base station, as all external data traffic is
routed through it. This type of networking is simple to set up and doesn’t require any special hardware for the
virtual base station. One problem with peer-to-peer networking is that some of the stations can become hidden
from each other due to shadowing or distance, preventing communication. This problem can be overcome with
various methods of multiple hopping of data packets, but this can cause system complexity to be greatly
increased, especially if stations are mobile.
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Fig3: Peer-To-Peer Networking
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Peer-to-peer networking requires that all stations can communicate with each other. As a result most systems
use half duplex communications and transmit and receive at the same frequency.

4. 1 Adaptive Modulation

Adaptive modulation is a powerful technique for maximizing the data throughput of subcarriers
allocated to a user. Adaptive modulation involves measuring the SNR of each subcarrier in the transmission,
then selecting a modulation scheme that will maximize the spectral efficiency, while maintaining an acceptable
BER. This technique has been used in Asymmetric Digital Subscriber Line (ADSL) [86], [87],[88], to maximize
the system throughput. ADSL uses OFDM transmission over copper telephone cables. The channel frequency
response of copper cables is relatively constant and so reallocation of the modulation scheme does not need to
be performed very often, as a result the benefit greatly out ways the overhead required for measuring of the
channel response. Using adaptive modulation in a wireless environment is much more difficult as the channel
response and SNR can change very rapidly, requiring frequent updates to track these changes. Most OFDM
systems use a fixed modulation scheme over all subcarriers for simplicity. However each subcarrier in a
multiuser OFDM system can potentially have a different modulation scheme depending on the channel
conditions. Any coherent or differential, phase or amplitude modulation scheme can be used including BPSK,
QPSK, 8-PSK, 16-QAM, 64-QAM, etc, each providing a trade off between spectral efficiency and the bit error
rate. The spectral efficiency can be maximized by choosing the highest modulation scheme that will give an
acceptable Bit Error Rate (BER). In a multipath radio channel, frequency selective fading can result in large
variations in the received power of each subcarrier. For a channel with no direct signal path this variation can be
as much as 30 dB in the received power resulting in a similar variation in the SNR. In addition to this,
interference from neighboring cells can cause the SNR to vary significantly over the system bandwidth. To cope
with this large variation in SNR over the system subcarriers, it is possible to adaptively allocate the subcarrier
modulation scheme, so that the spectral efficiency is maximized while maintaining an acceptable BER.

4.2 Limitations Of Adaptive Modulation:

There are several limitations with adaptive modulation. Overhead information needs to be transferred,
as both the transmitter and receiver must know what modulation is currently being used. Also as the mobility of
the remote station is increased, the adaptive modulation process requires regular updates, further increasing the
overhead. There is a trade off between power control and adaptive modulation. If a remote station has a good
channel path the transmitted power can be maintained and a high modulation scheme used (i.e. 64-QAM), or the
power can be reduced and the modulation scheme reduced accordingly (i.e. QPSK). Distortion, frequency error
and the maximum allowable power variation between users limit the maximum modulation scheme that can be
used. The received power for neighboring subcarriers must have no more than 20 - 30 dB variation at the base
station, as large variations can result in strong signals swamping weaker subcarriers. Inter-modulation distortion
results from any non-linear components in the transmission, and causes a higher noise floor in the transmission
band, limiting the maximum SNR to typically 30 - 60 dB. Frequency errors in the transmission due to
synchronization errors and Doppler shift result in a loss of orthogonality between the subcarriers. A frequency
offset of only 1 - 2 % of the subcarrier spacing results in the effective SNR being limited to 20 dB . The limited
SNR restricts the maximum spectral efficiency to approximately 5 - 10 b/s/Hz.

V.  Simulation Results:
5.1 Simulated Results Each User Having Fixed Transmision Power
Results shown in (a) and (c) are for each user having a fixed transmission power. The transmitter
power in (b) and (d) were set so that the average received power would result in an average SNR of 20 dB

Fixed User Power of -10 dBm Slow Power Control, Al users average power
normalised to give SNR of 20 dB
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Fig 5.1 (a) and (b) show the frequency allocations for each of the users. Each user is shown as a different colour
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Fig 5.2 (c) and (d) show the modulation scheme used at each frequency. This simulation assumed perfect
channel knowledge for each user.

5.2 Simulated Adaptive User Allocation
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Fig 5.5 (e) and (f) shows the resultlng data rate for each user
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Fig 5.6 (g) and (h) showing the overall system data rate.

VI.  Conclusion

This thesis has presented an investigation into the application of OFDM in multiuser systems, and has
focused on techniques for improving the system spectral efficiency.

Most current communication systems operate at a very low spectral efficiency,resulting in under
utilisation of the radio spectrum. Future systems will have to improve the spectral efficiency to achieve the
capacities required. This thesis has investigated techniques that exploit the flexibility of OFDM to maintain a
maximum spectral efficiency, by matching the system parameters, such as subcarrier modulation and frequency;,
based on current conditions of the radio channel. The aim of this work is for the communication system to
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approach the maximum theoretical channel capacity given the constraints of the radio channel, transmitter
power and quality of service.

The application of adaptive modulation was investigated and found to provide an effective means to

mitigate the effects of fading. Adaptive modulation greatly decreases the BER, with it requiring 12 - 16 dB less
SNR to achieve the same BER as compared with a fixed modulation system. In addition to this, it allows the
data rate of the system to improve when the channel SNR is high. When using coherent QAM, every 3 dB
improvement in SNR allows the spectral efficiency of the system to improve by 1 b/s/Hz.

[1].
121.

[3].
[4].
[5].
[6].
7.
[8].
[9].
[10].

References:
K. W. Richard, “UMTS overview”, IEE Electronics and CommunicationEngineering Journal, Vol. 12, No. 3, June 2000, pp. 93 -
100
Ermanno Berruto, Giovanni Colombo, Pantelis Monogioudis, Antonella Napolitano, Kyriacos Sabatakakis, “Architectural Aspects
for the Evolution of Mobile Communications Toward UMTS”, IEEE Journal on Selected Areas in Communications, Vol. 15, No. 8,
October 1997,pp. 1477 - 1487
Erik Dahlman, Bjorn Gudmundson, Mats Nilsson, Johan Skoéld, “UMTS/IMT-2000 Based on Wideband CDMA”, IEEE
Communications Magazine, September 1998, pp. 70 - 80
Fumiyuki Adachi, Mamoru Sawahasi, Hirohito Suda, “Wideband DS-CDMA for Next-Generation Mobile Communications
Systems”, IEEE Communications Magazine, September 1998, pp. 56 - 69
M. Fattouche, “Method and Apparatus for Multiple Access between Transceivers in Wireless Communications using OFDM spread
spectrum”, U.S. Patent 5,282,222, Filed Mar. 31, 1992, Issued Jan. 25, 1994
T. Williams, R. Prodan, “Multiple User Access Method Using OFDM”, U. S. Patent 5,815,488, Filed Sep. 28, 1995, Issued Sep. 29,
1998
L. Cimini, J. Chuang, N. Sollenberger, “Advanced Cellular Internet Service (ACIS)”, IEEE Communications Magazine, Oct. 1998,
pp. 150 — 159
Minh T. Le, Louis Thibault, “Performance Evaluation of COFDM for Digital Audio Broadcasting Part Il: Effects of HPA
Nonlinearities”, IEEE Transactions on Broadcasting, Vol. 44, No. 2, June 1998, pp. 165 — 171
S. Merchén, A. Garcia Armada, J. L. Garcia, “OFDM Performance in Amplifier Nonlinearity”, IEEE Transactions on Broadcasting,
Vol. 44, No. 1, March 1998, pp. 106 - 113
Qun Shi, “OFDM in Bandpass Nonlinearity”, IEEE Transactions on Consumer Electronics, Vol. 42, No. 3, August 1996, pp. 253 -
258

DOI: 10.9790/2834-10218691 www.iosrjournals.org 91 | Page



