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Matlab Assignment 1

Develop a WGN channel that accepts symbol input, adds
noise to it with certain SNR and produces the noisy ouput.

Develop a Flat Fading Channel following Rayleigh and
ricean distribution

Develop a Frequency selective channel following Rayleigh
and ricean distribution

— All inputs to the channel are baseband signals.

— Compare with the matlab functions (if exist)

— Plot the probability of error vs SNR



Multicarrier Modulation

 Divide broadband channel into narrowband subchannels
— No ISI in subchannels if constant gain in every subchannel and if ideal
sampling
e Orthogonal Frequency Division Multiplexing

— Based on the fast Fourier transform
— Standardized for DAB, DVB-T, IEEE 802.11a, 802.16a, HyperLAN II

— Considered for fourth-generation mobile communication systems
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Subchannels are 312 kHz wide in 802.11a and HyperLAN Il



An OFDM Symbol
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 Bandpass transmission allows for complex waveforms
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Coded OFDM (COFDM)

e Error correction is necessary in OFDM systems

e Forward error correction (FEC)

Adds redundancy to data stream
Examples: convolutional codes, block codes
Mitigates the effects of bad channels

Reduces overall throughput according to the coding rate k/n

 Automatic repeat request (ARQ)

Adds error detecting ability to data stream

Examples: 16-bit cyclic redundancy code

Used to detect errors in an OFDM symbol

Bad packets are retransmitted (hopefully the channel changes)

Usually used with FEC
Minus: Ineffective in broadcast systems



OFDM Mathematics

N —1
s(t) =) X, e?"h  t=[0T,]
k=0

Orthogonality Condition
Tos

| g/ ().g5()dr =0

0

In our case
Tos

-“ejZﬂfpt.e—jZﬁfqtdt _ O
0

Forp#q Where f,=k/T



Transmitted Spectrum
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Spectrum of the modulated data symbols

Rectangular Window of :
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OFDM terminology

e Orthogonal carriers referred to as subcarriers {f,,1=0,....N-1}.
* OFDM symbol period {T =N x T.}.

* Subcarrier spacing Af = 1/T,..



OFDM Signal

sn=3 (Y X,,g,(t-nT,))

n=— k=0
ejzﬂ' Jit tE[O,TOS]
0 Otherwise

2

g . (1)

k
i = T K=0........... N-1



By sampling the low pass equivalent signal at a rate N times

higher than the OFDM symbol rate 1/T ., OFDM frame

0s?

can be expressed as:

N-1
m
Ez(m) :ZXn,kgk(t_nY;s) t:(n_l__]\r)];s m =0....N-1
k=0

N j 27zk£1

F (m) =(an,k e VN |=NIDFT{X,}
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Interference between OFDM Symbols

* Transmitted Signal

| OS1 | 0S2 OS3

. pue to delay spl‘;ead ISI occurs |

/
Delay Spread /

T10SI

* Solution could be guard interval between OFDM symbols
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Cyclic Prefix

e Zeros used 1n the guard time can alleviate interference
between OFDM symbols (IOSI problem).

e Orthogonality of carriers 1s lost when multipath channels
are involved.

e Cyclic prefix can restore the orthogonality.
*Energy 1s wasted 1n the cyclic prefix samples.
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Cyclic Prefix Illustration

A
v

OS1 OS 2

Cyclic Prefix
081,082 - OFDM Symbols

Tg - Guard Time Interval

T - Data Symbol Period

S

T - OFDM Symbol Period - N * T

0S



Guard interval (2) - Cyclic extension

time-domain OFDM signal:
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Optimum in the number of sub carriers
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Design of an OFDM System

Data rate;
modulation
order
Channel Guard x4 ...10) FFT l NI of
impulse —— interval ——  symbol "
carriers
response length 4 length
| |
| [
e e e o [
Channel /
Parameters
are needed Other constraints:
*Nr. of carriers should match FFT size
and data packet length

econsidering coding and modulation schemes



Spectral Shaping by Windowing

OFDM spectrum for N__.. = 64, Nguard = 16, oversampling = 2
10 T T T T T

L
o

-20

power spectrum magnitude [dB]
A
o

frequency in sub—carriers



OFDM Symbol Configuration

 Not all FFT-points can be used for data carriers

— Lowpass filters for AD- and DA-conversion
e oversampling required

— DC offsets; carrier feedtrough; etc.

Transfer function of

/ transmitter/receiver
o009 ® Qo060
[} [} | [} [
VAR Ya¥e I YOI N !
| I | | [ | |
.2 = ~—_  DC ~ 1.2
useable sub-carriers useable sub-carriers )
sub-carrier
-N/2, ... n—=1,0,1, ... ..., N[2—-1

index i



Problems of OFDM (Research Topics)

-

Synchronization issues:
— Time synchronization

* Find start of symbols
— Frequency synchr.

* Find sub-carrier positions
Non-constant power envelope
— Linear amplifiers needed

Channel estimation:
— To retrieve data

— Channel is time-variant

time domain signal (baseband)

<“— Jf frequency offset

0.2 !
0.1} -
OM’\N R ra  WIHA T4 9
-0.1 E| imaginary| ]
— real
-0.2 ! ! i
0 20 40 60 80 100 120 140 160 180 200
sample nr.
. |
A amplitude
>
frequency



Synchronization

e Timing and frequency offset can influence performance.
e Frequency offset can influence orthogonality of subcarriers.

 Loss of orthogonality leads to Inter Carrier Interference.



Peak to Average Ratio

e Multicarrier signals have high PAR as compared to single
carrier systems.

e PAR increases with the number of subcarriers.

e Affects power amplifier design and usage.



Peak to Average Power Ratio

Feak to Average power ratio

—

-~
0

—
oo

problpar=par-threshsold)
- - - o o i
[ a = (g (| -]

=

=

par-threshold{in dB)



——H _1E&
-l el |, i
. w dIS 1% Buipos ...I_l
+——H = It M Jesn i
. -
[ ]
]
]
|
Jen = Jiu &
— "o [ E] S| A\ > N> =
- - il = ] |
»
> > = z J8s
N
$ N> =
Iy - e | f
d & dis ¢ guipos
$ il > = | Jesn

2

N

N

[ ¥20|q uolle|npow e 0} ejep 1asn
ayl sdew jey) awayos ssadoe ajdijnw ajgelins e pulj waysAs W40 uaaib e o4

SWI”)SAS uoljediunuuwo) 10J NA4d0



(

PO

TR ET I hxﬂ
i¥a . J
) YINAD-WA40 )
J J
VAQLl-WNa4d0 VYINA4-NA40

S9WLYIS SS929Y I|dINA INAHO



Spectrum Shaping

Adjacent channel

IEEE 802.11a

« FCC manages spectrum

e Specifies power spectral
density mask
— Adjacent channel interference

I
.l

. nl
— Roll-off requirements ; A
* Implications to OFDM ©oorone Inband’t o n

— Zero tones on edge of band

— Time domain windowing
‘smoothes’ adjacent symbols )

Z.ero tones

1T =T Tppr
» Gl LR .

TGuarp
' =IKi[ : -I.H'”] '
b p

Ny -
| Oilfdm symboll | y frequegcy

I'rp I'rp Reference: Std 802.11a




Ideal Channel Estimation

Wireless channels change frequently ~ 10 ms

Require frequent channel estimation

Many systems use pilot tones — known symbols
— Given s, for k =k, k,, k3, ... solve x, =2,_,t h, e??"kWNg  for h,

— Find H, = 2 _;" h, e?"k1I/N (significant computation)

More pilot tones

— Better noise resiliance

— Lower throughput (pilots are not informative)

magnitude

A

A

Pilot tones

1[4 A //

frequency
>




Channel Estimation Via Interpolation

 More efficient approach is interpolation

e Algorithm
— For each pilot k; find H,, = x,, / s,
— Interpolate unknown values using interpolation filter
- H,=a,,H,+0,,H,+...

 Comments

— Longer interpolation filter: more computation, timing sensitivity

N Typical 1dB loss in performance in practical implementation

magnitude

frequency
>




Case Study: IEEE 802.11a Wireless LAN

e System parameters

FFT size: 64

Number of tones used 52 (12 zero tones)

Number of pilots 4 (data tones = 52-4 = 48 tones)
Bandwidth: 20MHz

Subcarrier spacing : A; =20 MHz / 64 =312.5 kHz
OFDM symbol duration: Ty = 1/A; = 3.2us
Cyclic prefix duration: T = 0.8us

Signal duration: T, = Tger + T

signal

CP symbol i

\ JN\ -7

\ Y
TGI TF FT



Case Study: IEEE 802.11a WLAN

e Modulation: BPSK, QPSK, 16-QAM, 64-QAM
e Codingrate: 1/2,2/3,3/4

 FEC: K=7 (64 states) convolutional code

Power Spectral Density (dB) A

Frequency Maximum Output
Band (GHz) Power
(6dBi antenna gain)
mW
5.15-5.25 40
5.25-5.35 200
5.725-5.825 800

Transmit Spectrum Mask
(not to scale)

Typical Signal Spectrum
(an example)

30
Frequency (MHz)



