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I. Introduction

The reliability of any communication system is significantly dependent on the channel fading models. However,
the significance of it is higher in the case of wireless communication systems than in the case of wired systems.
These channels can be modeled based on their characteristics as a probabilistic distribution function [1][2]. An
Additive White Gaussian (AWGN) channel is generally used to model the channel response of a wired system.
Rayleigh and Rician fading channels used to model the channel response of wireless communication systems.
Rayleigh fading channel model is used in cases involving the lack of a LoS component whereas the Rician
fading model is generally used when a LoS component is available between the transmitter and receiver. The
general expression for a MIMO system model is,

Y=Hx+N (1
where Y is the matrix of the received signal at the receiver, H is the channel matrix of dimension Mg receive
antennas and Mr transmit antennas., X is the signal matrix and N denotes the Noise Power. Some boundaries are
physical antenna spacing, multiple wavelengths, antenna separation at the receiver, antenna design and
algorithm techniques. In order to maximize the performance of the wireless systems, several combining
techniques are used at the receiver. Some of the techniques are Maximal Ratio Combining (MRC), Equal Gain
Combining (EGC), etc.

The wireless channel may also be frequency flat or frequency selective fading channel. But the usage of modern
schemes like space time coding, OFDM divide the frequency selective channel into a number of frequency flat
sub-channels. The relay networks present in between the transmitter and receiver provide the communication
between them. Various theoretical and optimization schemes are used in the relay networks to increase the
overall efficiency of the system [3][4]. The performance metrics of the system include the capacity, outage
probability, Signal to Noise Ratio (SNR), symbol or Bit Error Rate (BER).

The cyclic prefix added might be either a part of the data or 0s. The addition of cyclic prefix greatly decreases
the ISI. Hence OFDM decomposes n independent frequency selective fading channels into n independent
frequency flat channels. The combination of the MIMO concept with the OFDM scheme is the key technology
of 4G wireless standard for mobile communication and provides efficient multimedia support [5].
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The remainder of the paper is organized as follows. Section II deals with the description of the system model.
Section III deals with problem definition of the MIMO-OFDM system, Section IV deals with the adaptive
resource allocation. Section V shows the simulation results and corresponding inferences. Section VI concludes
the paper.

I1. System Model

The initial part of this section deals with the system model of a single user multi relay system. The system
model has three main elements namely: Base station, User equipment and Relay networks. Base Station, in
mobile communication is generally the stationary component that provides service to the mobile devices or
users. It is monitored by the service provider and installed to operate in a particular bandwidth and support a
number of users [6][7]. The signal power is determined by the base station. The area covered by a base station is
called a cell. A cell may have more than one sector antenna. A group of cells combine to form a cluster.

User Equipment is the mobile device used by the user to acquire the services of the base station or service
provider [8][9]. It is transceiver that can both transmit and receive. It can communicate with other mobile
devices. The received signal strength determined by the Signal to Noise ratio plays a vital role here. Relay
networks are one or more elements present in between the base station and user equipment (in mobile
communication). They lie in between two communicating devices and help in establishing and maintaining the
connection [10]. A communication system may have one or more relays. Systems without relays are possible
but are comparatively inefficient.
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Fig 1: Scenario diagram of an OFDM system

A system may support single user or multiuser communication. A single user system is one in which the entire
features of the communication system is utilized by a single user at a point of time. A multiuser system is one in
which the features of a system can be simultaneously utilized or shared by more than one user. It resembles a
single user MIMO system. The performance analysis (i.e.) Signal to Noise Ratio (SNR) and Bit Error Rate
(BER) plots will be done later in Section V. The second part of this section combines the system model of
MIMO and OFDM setup. The problems associated with the OFDM model and the Constant Envelope OFDM
also called as CE-OFDM is also described in the following sections.

I11. Proposed Adaptive Resource Allocation Scheme

OFDM is highly sensitive to synchronisation errors since it has overlapping spectra of subcarriers. This can be
eliminated by using proper synchronising pulses at the transmitter and receiver. However, the large fading
channels can prevent an optimum solution for this problem. An optimum power is essential to maintain the QoS
in terms of the channel data rate and the error free rate or BER (Bit Error Rate). But a high Peak to Average
Power Ratio can cause the inefficient performance of the components associated with the communication
system. Any system must provide good throughput in order to minimise the loss of data and hence prevent
retransmission and also not often test the error correcting capability of the block at the receiver.
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Even some of the adaptive algorithms function at optimal allocation of one resource at the expense of the other.
The water-filling solution attempts to use as much bandwidth as possible to minimize the power thus resulting in
a waste of spectral footprint. Resource Allocation is one of the important aspects of any communication system.
Some of the resources to be allocated are:- Subcarriers, bits, Power and Bandwidth. The resource allocation is
divided into two categories namely: Fixed and Dynamic Resource allocation.

In Fixed Resource Allocation, the resources are pre-allocated to the user and can be made available to the
corresponding user during the system’s runtime until it is re-allocated. The users have resources dedicated to
them. But the usage by the users is not the same and maximum all the time. The usage may increase during peak
hours or in a particular hotspot region. Some users may remain idle most of the time, whereas some users may
not find their channel sufficient for their use. In all these cases, fixed resource assignment strategy does not
provide an efficient and optimal solution.
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Fig 3: Proposed adaptive resource allocation scheme for OFDM system

In Dynamic Resource Allocation, the resources are allocated based on the need at the time of allocation. It is
dynamic and varying (i.e.) the same resource may not be allocated to the same user at all times. Based on the
statistics and availability and usage of the system by a user, the resources are allocated. There are generally two
types of dynamic resource allocation techniques namely: Margin and Rate Adaptive. The MA technique
achieves minimum overall transmit power with the constraint of user’s data rate or BER. The RA technique
maximizes user’s error free capacity with the constraint of the total transmits power.

IV. Simulation Results

The former part of this section deals with the performance analysis of MIMO system. The SNR vs BER plots
for the various channel models, significance of diversity, Monte-carlo optimization and its comparison with
theoretical plots, throughput of LTE system are analysed based on their plots. The latter part of this section deals
with the comparison of OFDM with CE-OFDM. The comparison of water-filling algorithm for power allocation
and bandwidth-power product minimization is also done in this part. The conventional fading channels are
shown in figure 4.
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Fig 4: Comparison of fading channels

Figure 4 depicts the theoretical output of the variation of BER with SNR for the three fading models. It is seen
that, for the AWGN channel, a good BER of 10-8 is obtained for an SNR of about 12dB. In case of Rician
fading (2), a higher SNR of more than 27dB is required to obtain the same BER. The k factor of Rician was
considered to be 1. In case of Rayleigh fading (3), an SNR of about 29dB is required to obtain the same BER of
10-8. As the k factor is increased, the Rician fading approaches the AWGN fading. All these plots are obtained
by giving the diversity order of 3.

Fig 5: SNR vs BER for different diversity orders

Figure 5 shows the plot of SNR versus BER for three different values of diversity order, namely: N=5,3 and 1. It
is evident from the plot that a better BER is obtained for the same SNR as the diversity order is increased. N=1
is a SISO system with no diversity technique used. the other two are MIMO systems. For an SNR of 20dB, N=1
gives a BER greater than 10-3. For the same SNR, N=3 gives a BER between 10-5 and 10-6. But in the case of
N=5, a very good BER of nearly 10-8 is obtained for 20dB. This proves that a better BER is obtained even for
low SNRs when higher diversity orders are used. Note that this plot and all the plots henceforth are for Rayleigh
fading channels, since the design for MIMO system is to be done for the worst case.

Fig 6: Demonstration of diversity significance
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Figure 6 shows the clear demonstration of the significance of the diversity scheme. It includes the plot of SNR
and BER for:- No diversity(l Tx, 1 Rx), Alamouti(2 Tx, 1 Rx), Maximal Ratio Combining(1 Tx, 2 Rx) and
theoretical second order diversity. It is seen that, as discussed above, the plot with no diversity doesn’t have an
appreciable performance compared to the others. The alamouti scheme and the theoretical second order diversity
almost overlie each other. The maximal ratio combining is used in cases where the signal is received by multiple
antennas and selection is done based on the signal received with the maximum SNR. The usage of this technique
further improves the performance of the system and hence a better BER is obtained.

In addition to the maximal ratio combining technique, various other techniques like Equal Gain combining,
selection combining, etc can also be used. These techniques show better performance according to the
environment of their installation and some other factors. Fig 7 shows the comparison between the theoretical
performance curve and that obtained through Monte Carlo optimisation. Initially for lower values of SNR, the
difference between the plots is not significant. But as the SNR values increase beyond 10dB, the difference
becomes significant. A very high comparative performance is seen with Monte carlo optimization than the
theoretical case without optimization.

Fig 7: Monte carlo and theoretical Rayleigh plot

The power spectrum in dBm and the real part of the OFDM signal are calculated and analysed for the general
OFDM system. In order to achieve a better reduction in PAPR, the Constant Envelope OFDM (CE-OFDM)
system is implemented and the corresponding outputs are analysed in figure 8.

OFDM, CE-OFDM Spectrums

Spectrum (dBim)

Fig 8: Frequency Vs Power spectrum
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As shown in Fig. 8, the red colored graph depicts the plot of the real part of the OFDM signal. The blue colored
graph depicts the plot of the real part of the CE-OFDM signal. It is inferred from the graph that the variation of
the OFDM (red) signal is more than that of the blue signal. This results in a higher PAPR ratio of the OFDM
signal. However, the blue signal has fewer fluctuations and hence results in lower PAPR compared to the
OFDM signal. Therefore, CE-OFDM system can be used instead of OFDM system in cases requiring minimum
PAPR ratio.

In Fig.9, the red coloured graph depicts the Power spectrum of the OFDM signal with respect to the frequency.
The other two coloured graphs depict the Power spectrum of the CE-OFDM signal. The blue colored graph
illustrates the case where the gain alpha is 0.4 and the green colored graph illustrates the case where the value of
alpha is 0.2. The frequency range is from 798 MHz to 802 MHz. The y axis is the power spectrum in dBm. It is
evident that the red signal has the highest value of the spectrum at majority of the frequencies followed by the
blue and green signals respectively. Hence CE-OFDM is superior to OFDM in terms of conserving the power
spectrum.
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Fig 9: Power allocation using water-filling algorithm

The bandwidth-power product minimization method of power allocation. The power is allocated only for the
channels whose bandwidth-power product is minimum. Hence it occupies fewer channels and thereby lesser
bandwidth. A comparatively higher power is also allocated to these channels.

V. Conclusion

The performance of multiuser multiple antenna amplify and forward networks over Rayleigh fading channel
was analysed. Moreover, the performance variation in the three types of fading channels namely: AWGN,
Rayleigh and Rician is studied. Based on the simulation results obtained, variance performance metrics and
plots were obtained. The significance of the diversity order was also proved. The importance of the diversity
schemes like Alamouti, maximal ratio combining also were viewed through the plot. It is also seen that a better
performance is obtained for increase in the diversity order. The variation of BER with SNR is studied under
various cases. The optimisation scheme of Monte Carlo method was used and the conclusions are made from the
simulation results obtained. The efficiency of the Monte Carlo method is inferred. OFDM is a promising
technology that is a key technology alongside MIMO in 4G communication. The difference between the
performances of OFDM and CE-OFDM is studied based on the results obtained. The spectrum obtained justifies
the inference. The efficiency of Bandwidth-Power minimization in terms of bandwidth efficiency over
traditional water-filling algorithm is analysed.
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