Principles of Modern CDMA/MIMO/OFDM Wireless Communications
Prof. Aditya K. Jagannatham
Department of Electrical Engineering
Indian Institute of Technology, Kanpur

Lecture - 50
BER Performance of OFDM Systems

Hello, welcome to another module in this massive open online course on the principles
of CDMA, MIMO, OFDM wireless communication systems. So, in the previous
modules we have looked at the operation over the schematic, the operations at the
transmitter the operation in the receiver and OFDM wireless communication systems, the
system model for an OFDM sub wireless system. So, today let us look at the Bit Error

Rate performance of an OFDM system.

(Refer Slide Time: 00:35)

So, to characterize the performance of an OFDM system, similar to what we have done
before, let us look at the Bit Error Rate of an OFDM system, | hope everyone remembers
this BER stands for the bit error, this stand for the Bit Error Rate and OFDM is
orthogonal frequency division multiplexing. So, we are looking at the bit error rate of an

OFDM system, and we have seen that the OFDM system.



(Refer Slide Time: 01:37)
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The system model can be expressed as the received signal

Y equals the channel H circularly convolved with the input x and previously we have

ignore the effect of noise.

Let us now add the noise, so W is Gaussian noise. Now we are adding Gaussian noise to
this and now once we take the FFT at the receiver after remember in OFDM, we have

where - is the symbol on the k sub carrier plus, so is the FFT operation is a linear

operation plus - where - is the FFT of the noise, so we have - is the k-th
FFT point of the received signal -, -, - this is the k-th FFT point
- this is the k-th FFT point of the noise samples, -, -, - S0

what we are saying is very straight forward, we are saying that in time domain, we have



the received signal y is the channel H circularly convolved with the input signal or the

transmit signal X plus the noise w at the receiver.

Now, after taking the FFT at the receiver we have - where - is the k-th FFT

point of the received samples -, -, - equals - where - §

the k-th channel coefficient, that is the FFT of the 0 padded channel coefficients -,

-, - followed by (N-1) times - where - is the symbol

transmitted on the k-th subcarrier plus - where - is the noise is the k-th FFT
point of the noise samples -, -, -

(Refer Slide Time: 04:31)
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In other words, the noise - is given as | have

So, capital - is the k-th FFT point, this is the k-th FFT point of the noise sample

and what we are going to assume about the noise samples? Is each - is 11D



Gaussian is independent identical Gaussian, so the - are 11D Gaussian and also 0

mean, which means

_ because these noise samples are independent.

So, what we are going to assume about the noise samples are - are Gaussian, these
are these are Gaussian, these are 0 mean; that means, to say _ expected
noise for a sigma square, which means _ further the noise is 11D
independent, which means _ that is 2 noise samples are I and

Iare independent are uncorrelated. So, the noise samples are Gaussian, they are 11D

independent identically distributed and also the noise samples are the noise sample. So,

the noise samples -, -, - are 11D, that is independent identically

distributed Gaussian and they are 0 mean.

(Refer Slide Time: 07:51)

".Z}‘-;-.:::“—-B . SEEEEEsT Do mEsaEs

Now, let us look at the properties of - If I look at - which is



as E{w() } =0

that is since the FFT is a linear combination the noise samples the at the input of the

noise samples each noise sample is 0 mean and since the FFT is a linear operations,

naturally at the output of the FFT that is each W -k, the mean of the each noise
sample - at the output of the FFT is also 0, so no surprises there. So, each noise

sample ina - on each subcarrier is also 0.

(Refer Slide Time: 09:43)
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Now, let us look at the variance of each noise sample, let us look at _

and let us ask this question what is this?



(Refer Slide Time: 12:01)
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Therefore | can simplify this as



So, what we have is at the output of the FFT the noise - is 0 mean and it has a
variance of - further since each W k is generated as a linear combination of the

small - that it is a linear combination of Gaussian input noise samples.

(Refer Slide Time: 14:09)
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Therefore, each - is also Gaussian therefore, as a result the noise can be

characterized as follows, the noise at the output of the FFT each - this is Gaussian
ELW(IR =1 the variance of the noise, tat s E W) EF=NG?

So, we have to characterized and this is the noise variance at output of FFT, what is this
is the noise variance at the output of the FFT operation at the receiver. So, we have
characterized the noise the properties of the noise at the output of FFT. Now let us
characterize the property of the channel coefficient H of k remember, H of k is given by

the FFT of the 0 padded channel coefficients -, -, - followed by .
L s,



(Refer Slide Time: 15:27)
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So, H k equal k-th FFT point of the 0 padded sequence, -, -, - 0 and

what is this these are N'=IL 0°s.

Hence, if | write the expression for - naturally -is given as

that is expression for the k-th FFT point, what we are going to, now assume that each

- is 0 mean, that is each - is a Rayleigh fading channel coefficient, which
means each - is a complex Gaussian, which means each - is 0, together we are
going to assume that expected value of -times and this an important assumption
expected value of - this is equal to O that is the noise that is the channel types I

and Iare uncorrelated, this is termed as the uncorrelated scattering assumption.



What are we assuming, we are assuming that each - each channel coefficient -

is the Rayleigh fading channel coefficient between each - is complex Gaussian, we

are assuming that each -is 0 mean, _ Expected value of 2

different channel coefficients, that is the correlation between 2 different channel

coefficients. _ which means that the coefficient and

uncorrelated this is known as uncorrelated scattering this is known as uncorrelated

scattering environment.

(Refer Slide Time: 18:12)
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And also we are going to assume that the power of each h | that is the standard Rayleigh

fading coefficient, _is identity.

So, what are we assuming I we are assuming the various-’s are Rayleigh fading,

which means each - is complex Gaussian,

_ that is average power 1 and also we are assuming the uncorrelated

scattering, which means



So, we are assuming the uncorrelated scattering example.

(Refer Slide Time: 19:41)

And now again, | am not going to the go through the details again but, if I look at the

expression - is

(Refer Slide Time: 21:37)
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So, what we have at the end is that each - IS intern Rayleigh fading coefficient,

each - is a Rayleigh fading coefficient with 0 mean, that is

that is k-th FFT point of the 0 faded channel coefficients, -, -, -

these are 0 mean - is Rayleigh fading in nature it is 0 mean, it has average power
L.
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So, now if I look at my system model across each sub carriers | have




So, what we are saying is the following thing the SNR at the receiver, this SNR at

receiver SNR at equals

So, the way to talk about this is the average of the received SNR is . therefore,

since the channel is Rayleigh fading the Bit Error Rate for BPSK transmission is

(Refer Slide Time: 26:09)

Let us do a simple example to understand this Bit Error Rate. So, what | am doing is | am
trying to do a simple example to understand the Bit Error Rate of OFDM system. So, we
want to calculate the Bit Error Rate of OFDM system with IE= 16 channel taps, N'="256



sub carriers and my - which is basically my . and my question is for this

system.
What is the Bit Error Rate this OFDM system ?

(Refer Slide Time: 27:30)
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So, this is the bit error rate of the OFDM system.

So for this example, we have been using the relation that we have derived for the bit
error rate, we have derived the fact that the Bit Error Rate of this system is 2.9 X 10°

So, we have been able to show you considered an OFDM system right we have look we
have added noise, so now we start we considered in this module we have considered the
noise at the receiver, which we have previously ignored then we looked at the effect of
the noise in particular, we have derived the property the statistical properties of the noise
that is the mean and the noise power we have also derive characterize the channel
coefficient of approaching sub carrier. Hence we have been able to derived the bit error
rate performance of this OFDM system approaching sub carrier and we have also seen a
simple example to calculate the bit error rate performance of this OFDM system with

this we will conclude this module.

Thank you very much.



