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 Develop an OFDM system with the following components
- S/P
— Mapping model (modulation techniques)
— Coding model (conv, turbo)
— IFFT
- CP
— Channel (Gaussian, SFFF channel)
— Mapping decoding
— Decoding model
— FFT
— CP removal
— Channel Estimation (later)

e Input :pulse shaping, Number of subcarriers, symbol rate, BW, CP
ratio

e Qutput: Signal in time, spectrum, BER, ICI (later), ISI (later)



Single-tap, Flat Fading (Rayleigh) vs AWGN
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Why do we have this huge degradation in performance/reliability?
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p, needs to be
“unconditioned”
~

Rayleigh Flat Fading Channel

Conditional on h,

y = hx + w

h ~ CA(0,1)
BPSK: * = *a. Coherent detection.

pe = Q

Looks like

AWGN, but...
(¢2|h|25NR)/

Averaged over h,

1
Pe — <

2
at high SNR.

1_\/ SNR
1 + SNR

This is a very discouraging result. To get an error probability p. = 1073 one would

Q

To get a much

poorer scaling

1
4SNR

require SNR = 500 (27 dB). Stupendous amounts of power would be required for more
reliable communication.



Typical Error Event

Conditional on h,

pe = Q (\/Q\h\QSNR)

When 5 1 the error probability is very small.
h >> SN—Rr
When \h\Q < SI\ILR' the error probability is large:
1 1 - I/SNR
Pe =~ P (|h’2 < SN—R> ~ SN—R P{M\ESNR & 1} = /” e dr
h|? ~ exp(1).

Typical error event is due to: channel (h) being in deep fade!
... rather than (additive) noise being large.




BER vs. SNR in a flat fading channel

In a flat fading channel (or narrowband system), the CIR
(channel impulse response) reduces to a single impulse
scaled by a time-varying complex coefficient.

The received (equivalent lowpass) signal is of the form

r(t)=a(r)e’s(t)+n(r)

T

We assume that the phase changes “slowly” and can be
perfectly tracked

=> important for coherent detection



BER vs. SNR (cont.)

We assume:

the time-variant complex channel coefficient changes
slowly (=> constant during a symbol interval)

the channel coefficient magnitude (= attenuation
factor) a is a Rayleigh distributed random variable

coherent detection of a binary PSK signal (assuming
ideal phase synchronization)

Let us define and

7:azEb/No 7/0=E{a2}-Eb/NO



BER vs. SNR (cont.)

Since

using
()= 2
dy/dal
we get
I _
p(y) —— ¢ ¥/ %o

Rayleigh distribution

Exponential distribution




BER vs. SNR (cont.)

The average bit error probability is
Important formula
= for obtaining
P = J'P (7/)p(7/)d7/ <« statistical average

0

where the bit error probability for a certain value of a is

P (y)= Q(\/2a2Eb/NO ) = Q(\/ﬁ) +— 2-PsK

We thus get

(o o]

P.=[0(y27)

L
0 7/0 2

i)
Yo



BER vs. SNR (cont.)

Approximation for large values of average SNR is obtained
in the following way. First, we write

p=li_ [ Yo |1y Tt
2 I+y, ) 2 1+,

Then, we use

VI+x =1+x/2+...

which leads to

P =1/4y, forlarge ¥, .



BER vs. SNR, summary

Modulation P (y) F, P, (forlarge 7,)
e o) Y- v
DPSK e’ /2 1/(2y,+2) 1/2y,

2-FSK 1 A
(coh.) Q(\/7_/) 5(1_ 21/%} 1/2y,

2-FSK _
(non-c.) e /2 1/(7’0 +2) /7




BER vs. SNR (cont.)

Frequency-selective channel
BER (equalization or Rake receiver)

Frequency-selective channel
(no equalization)

\\ --------- “BER floor”
AWGN \\
channel

Flat fadi h |
(no fading) |\ at fading channe

» SNR (= 70)

P = 1/47/O means a straight line in log/log scale
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Better performance through diversity

Diversity < the receiver is provided with multiple copies
of the transmitted signal. The multiple signal copies
should experience uncorrelated fading in the channel.

In this case the probability that all signal copies fade
simultaneously is reduced dramatically with respect to
the probability that a single copy experiences a fade.

As a rough rule:

P, is proportional to -

!

I
4

Diversity of
L:th order

BER

Average SNR




OFDM Performance over AWGN channel

e The performance of OFDM in AWGN is identical to that of
single carrier modulation.

pe,prsk(Y) = Q(vV27),
p&QPSK(T) — Q(ﬁ)&

Pe,is@arr(y) = 0.75-Q (\/g) 0.25-Q (\@ ;

e However:
— Problem of PAPR in OFDM: will discuss later in the course

B. coherent (), coberent '

. | —
— Problem of Guard interval — p,* @ pieciems Serfc (\77)

i
Yi=7vs=(1-ac)ys
5



OFDM Performance over Flat fading channel

« OFDM performance over Raleigh flat fading channel is
similar to single carrier modulation

[ | - T 7 ’ ’
;E‘L’fﬂ{_"\,‘."}'g, }P{Tgf;;' fjr?f;

B, coberent (2, coberent

pi!. jf::i'fr:g = P.E:J, j:}:ﬂ"rg =

1 / a}-f: |
=§(51 N1 + ¥ ]

P L




OFDM Performance over Frequency Selective Fading
channel

« OFDM performance over frequency selective fading
channel is similar to single carrier modulation with same

modulation in flat fading channels

L+L,
h(rse)= Y a(t)d(r— 1))
=1
O0<7m<Ag, (I=1,..., Lq)
ﬁ(_;{ ng Tj, (/:Ll—i- 1, .. .FLI—FLE)
i =
~ 1[1 f?:_‘l'fs £1+£2 "T;‘H; -~
£ v It Ers: g e SR oot S
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