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ABSTRACT	

The	 era	 of	wireless	 technologies,	mobile	 communication	 is	 rapidly	 approaching.	 It	 has	 gradually	 become	more	 &	more	
involved	into	everyday	life.	In	which	users	are	demanding	versatile	&	convenient	modes	of	communication	along	with	multiple	
variety	 of	 communication	 services	 such	 as	 high	 speed	 data,	 video	 &	 multimedia	 traffic	 also	 with	 voice	 signals.	 With	
guaranteeing	certain	Quality	of	Services	without	losing	the	performance	&	efficiency.	All	these	challenges	are	present	in	4G.	So	
OFDM	has	been	recognized	has	one	of	the	most	promising	techniques	to	meet	these	challenges.	OFDM,	which	is	in	tern	enabled	
by	the	high	 level	of	performance.	OFDM	 is	spectrally	efficient	and	can	provide	high	data	rates	with	sufficient	robustness	to	
channel	imperfection.	Carriers	will	benefit	from	greater	flexibility	by	using	OFDM,	since	in	the	same	spectrum	they	will	be	able	
to	offer	more	channels,	including	higher	bandwidth	channels,	with	more	types	of	services.	Achieving	higher	data	rates	require	
OFDM	systems	to	make	more	efficient	use	of	bandwidth	than	CDMA	systems.	One	method	to	achieving	this	higher	efficiency	is	
through	use	of	higher	order	modulation.	In	this	paper,	we	have	simulated	three	digital	modulation	techniques	BPSK,	QPSK	&	
QAM	used	for	digital	transmission	of	data.	In	which	bit	error	rate	is	calculated	and	measured	with	respect	to	signal	to	noise	
ratio	(SNR),	Doppler	Effect	&	guard	interval.	Also	it	gives	a	model	of	matlab	simulation	of	4G	OFDM	system	&	to	analyze	the	
bit	error	rate	performance.	OFDM	is	a	mutli	carrier	modulation.	The	growing	interest	in	multi	carrier	transmission	by	product	
developers	&	researchers	motivate	to	propose	this	topic	for	special	issue	of	wireless	video	transmission	and	communication.	
Multipath	Additive	White	Gaussian	Noise	is	used	as	communication	channel.	The	effect	of	SNR	and	guard	intervals	on	OFDM	
signals	improves	the	system	performance.	

Index	Terms:	AWGN,	BER,	Guard	Interval,	Signal	to	Noise	Ratio,	OFDM.	

1.	INTRODUCTION	

The	migration	 to	 4G	 networks	 will	 bring	 a	 new	 level	 of	
expectation	 to	 wireless	 communications.	 4G	 mobile	
communication	 required	 seamlessly	 integrate	 a	 wide	
variety	 of	 communication	 services	 such	 as	 high	 speed	
data,	video	and	multimedia	traffic	as	well	as	voice	signals.	
The	 technology	 needed	 to	 tackle	 the	 challenges	 to	make	
these	services	available	is	popularly	known	as	the	Fourth	
Generation	 (4G)	 OFDM	 System	 [2].	 The	 OFDM	
transmissions	 schemes	 seem	 to	 be	 promising	 candidate	
for	 future	broadband	 radio	 system.	OFDM	 technique	has	
been	widely	used	in	many	wired	and	wireless	multicarrier	
communication	 systems	 such	 as	 IEEE	 802.11a,	 digital	
audio/video	 broadcasting	 (DAB/DVB),	 asymmetric	 DSL	
(ADSL),	 and	 in	 upcoming	 technology‐	 LTE	 (4G).	 OFDM	
have	 been	 in	 existence	 since	 1960,	 but	 in	 the	 last	 few	
years	OFDM	modulation	 is	emerged	as	a	key	modulation	
technique	 of	 commercial	 high	 speed	 communication	
systems.	OFDM	have	capability	to	provide	high	speed	data	
rate	transmissions	with	low	complexity	and	to	counteract	
the	 intersymbol	 interference	 (ISI)	 introduced	 by	
dispersive	channels	hence	it	has	been	adopted	by	several	
digital		wire	line	and	wireless	communication	standards.		

1.1	OFDM	

In	OFDM,	usable	bandwidth	is	divided	into	a	large	number	
of	smaller	bandwidths	that	are	mathematically	orthogonal	
using	 fast	 Fourier	 transforms	 (FFTs).	 Reconstruction	 of	

the	 band	 is	 performed	 by	 the	 inverse	 fast	 Fourier	
transform	(IFFT).	One	beneficial	feature	of	this	technique	
is	 the	 ease	 of	 adaptation	 to	 different	 bandwidths.	 The	
smaller	bandwidth	unit	can	remain	fixed,	even	as	the	total	
bandwidth	utilization	is	changed.	For	example,	a	10‐MHz	
bandwidth	 allocation	may	 be	 divided	 into	 1,024	 smaller	
bands,	whereas	a	5‐MHz	allocation	would	be	divided	into	
512	smaller	bands.	These	smaller	bands	are	referred	to	as	
subcarriers	 and	 are	 typically	 on	 the	 order	 of	 10	 kHz[1].	
One	 challenge	 in	 today's	 wireless	 systems	 is	 an	 effect	
called	 'multipath.'	 Multipath	 results	 from	 reflections	
between	 a	 transmitter	 and	 receiver	 whereby	 the	
reflections	 arrive	 at	 the	 receiver	 at	 different	 times.	 The	
time	span	separating	the	reflection	is	referred	to	as	delay	
spread.	This	type	of	interference	tends	to	be	problematic	
when	the	delay	spread	is	on	the	order	of	the	transmitted	
symbol	 time.	 Typical	 delay	 spreads	 are	microseconds	 in	
length,	 which	 are	 close	 to	 CDMA	 symbol	 times.	 OFDMA	
symbol	 times	 tend	 to	 be	 on	 the	 order	 of	 100	
microseconds,	 making	 multipath	 less	 of	 a	 problem.	 In	
order	to	mitigate	the	effect	of	multipath,	a	guard	band	of	
about	10	microseconds,	called	the	cyclic	prefix,	is	inserted	
after	 each	 symbol.	 Achieving	 higher	 data	 rates	 requires	
OFDM	 systems	 to	 make	 more	 efficient	 use	 of	 the	
bandwidth	 than	 CDMA	 systems.	 The	 number	 of	 bits	 per	
unit	 hertz	 is	 referred	 to	 as	 the	 spectral	 efficiency.	 One	
method	of	achieving	 this	higher	efficiency	 is	 through	 the	
use	of	higher	order	modulation.	Modulation	refers	to	the	
number	of	bits	that	each	subcarrier	transmits.		
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1.2	NUMBER	OF	CARRIERS		 	

On	the	base	of	channel	bandwidth,	useful	symbol	duration	
and	 data	 throughput	 the	 number	 of	 sub	 carriers	 can	 be	
determined.	The	carriers	are	separated	by	 the	reciprocal	
of	 the	 useful	 symbol	 duration.	 The	 number	 of	 carriers	
corresponds	 to	 the	 number	 of	 complex	 points	 being	
processed	in	FFT[3].	For	HDTV	applications,	the	numbers	
of	subcarriers	are	in	the	range	of	several	thousands,	so	as	
to	 accommodate	 the	 data	 rate	 and	 guard	 interval	
requirement.		

	

Figure	1:	OFDM	Subcarriers	

1.3	ORTHOGONALITY	

In	OFDM	 system	numbers	 of	 carriers	 are	 transmitted	 so	
these	 carriers	 are	 arranging	 in	 such	 way	 that	 the	
sidebands	 of	 the	 individual	 carriers	 overlap	 and	 the	
signals	 can	 still	 be	 received	 without	 adjacent	 carrier	
interference.	 To	 achieve	 this,	 carriers	 must	 be	
mathematically			orthogonal.	 In	 OFDM	 system			
“orthogonal”	 part	 	 	 indicates	 that	 there	 is	 a	 precise	
mathematical	relationship	between	the	frequencies	of	the	
carriers.	 Two	 periodic	 signals	 are	 orthogonal	 when	 the	
integral	of	their	product	over	one	period	is	equal	to	zero.		

For	the	case	of	continuous	time:	

(2πn t	)	cos(2πm t)	dt	=	0,	(m	≠	n)	

For	the	case	of	discrete:	

)	cos	( )	dt	=	0	(m	≠	n)	

	

Figure	2:	Orthogonal	of	Subcarriers	

	

2.	MODULATION	SCHEME	

The	 modulation	 scheme	 in	 an	 OFDM	 system	 can	 be	
selected	based	on	the	requirement	of	power	or	spectrum	
efficiency.	The	type	of	modulation	can	be	specified	by	the	
complex	 number	 dn=an+jbn.	 The	 symbols	 an	 andbn	 can	
be	selected	to	(1,	3)	for	16‐QAM	and	1	for	QPSK.	Consider	
a	 data	 sequence	 (d0,	 d1,	 d2,	 dN‐1),	 where	 each	 dn	 is	 a	
complex	 number	 dn=an+jbn.	 (an,	 bn=1	 for	 QPSK,	 an,	
bn=1,	3	for	16‐QAM).		

2.1	QUADRATURE	AMPLITUDE	MODULATION		

Quadrature	Amplitude	Modulation	(QAM)	is	a	modulation	
scheme	 in	which	 two	 sinusoidal	 carriers,	 one	 exactly	 90	
degrees	out	of	phase	with	respect	to	the	other,	are	used	to	
transmit	data	over	a	given	physical	channel.	Because	 the	
orthogonal	carriers	occupy	the	same	frequency	band	and	
differ	by	a	90	degree	phase	shift,	each	can	be	modulated	
independently,	 transmitted	 over	 the	 same	 frequency	
band,	 and	 separated	by	demodulation	 at	 the	 receiver[4].	
For	 a	 given	 available	 bandwidth,	 QAM	 enables	 data	
transmission	 at	 twice	 the	 rate	 of	 standard	 pulse	
amplitude	 modulation.	 A	 broad	 class	 of	 digitally‐
modulated	carrier	signals	C	(t)	can	be	expressed	in	double	
sideband	 suppressed	 carrier	 Quadrature	 component	
notation	as	

C	(t)	=	I	(t)	coswct	+	Q	(t)	sinwct	

Where	 I	 (t)	 and	 Q	 (t)	 are	 the	 in‐phase	 and	 Quadrature	
phase	 modulator	 base	 band	 signal	 sequences,	
respectively.	 In	 the	 case	 of	 QAM,	 I	 (t)	 and	 Q	 (t)	 are	 the	
pulse	 sequences	 whose	 amplitudes	 are	 data‐dependent.	
The	 incoming	serial	binary	data	stream	d	(t)	 is	 split	 into	
two	 binary	 parallel	 branches	 to	 constitute	 the	 I	 (t)	 and	
Q(t)	symbol	streams.	

M‐LEVEL	QAM	

In	M‐level	QAM	the	bit	data	 is	 suitably	assembled	 into	N	
symbols	 (M=2N)	 and	 each	 symbol	 transmitted	 by	 a	
carrier	wave	 having	 a	 unique	 amplitude	 and	 phase.	 The	
duration	of	each	symbol	determines	the	bandwidth	of	the	
QAM	signal.	Figure	shows	an	M‐level	constellation	where	
each	dot	represents	the	position	of	the	phasor	relative	to	
the	 intersection	 of	 the	 axes	 marked	 I	 (In	 phase)	 and	 Q	
(Quadrature).	 Each	 AM	 carrier	 is	 transmitted	 with	
amplitude	 of	 either	 ‐	 (N‐1)	 d…‐3d,	 ‐d,	 d,	 3d…	 (N‐1)	 d,	
where	d	is	the	coordinate	spacing	shown	in	figure[5].	The	
N‐level	 AM	 components	 are	 binary	 encoded	 using	 N/2	
Gray	coded	bits	for	each	level.	For	example,	the	4‐level	AM	
components	 of	 16‐QAM	 are	 binary	 encoded	 using	 two	
Gray	coded	bits	 for	 each	 level;	Gray	 codes	00,	01,	11and	
10,	are	assigned	to	levels	‐3d,	‐d,	d	and	3d,	respectively.	

CONSTELLATION	DIAGRAM	

A	constellation	diagram	 is	 the	 representation	of	a	digital	
modulation	scheme	on	the	complex	plane.	The	diagram	is	
formed	 by	 choosing	 a	 set	 of	 complex	 numbers	 to	
represent	modulation	 symbols.	 These	 points	 are	 usually	
ordered	by	the	gray	code	sequence.	Gray	codes	are	binary	
sequences	where	two	successive	values	differ	in	only	one	
digit.	 The	 use	 of	 gray	 codes	 helps	 reduce	 the	 bit	 errors.	
The	real	and	imaginary	axes	are	often	called	the	in‐phase	
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and	the	Quadrature.	These	points	are	usually	arranged	in	
a	rectangular	grid	in	QAM,	though	other	arrangements	are	
possible.	 The	 number	 of	 points	 in	 the	 grid	 is	 usually	 a	
power	of	two	because	in	digital	communications	the	data	
is	 binary[6].	 Upon	 reception	 of	 the	 signal,	 the	
demodulator	 examines	 the	 received	 symbol	 and	 chooses	
the	 closest	 constellation	 point	 based	 on	 Euclidean	
distance.	 It	 is	possible	to	transmit	more	bits	per	symbols	
by	 using	 a	 higher‐order	 constellation	 QAM,	 but	 this	 is	
more	 susceptible	 to	 noise	 because	 the	 points	 are	 closer	
together,	resulting	in	a	higher	bit	error	rate	(BER).	

	

Figure	3:	QAM	Constellation	Diagram	

CYCLIC	PREFIX	

The	Cyclic	Prefix	is	a	periodic	extension	of	the	last	part	of	
an	OFDM	symbol	that	is	added	to	the	front	of	the	symbol	
in	 the	 transmitter,	and	 is	removed	at	 the	receiver	before	
demodulation.	Mathematically,	 the	 Cyclic	 Prefix	 converts	
the	linear	convolution	with	the	channel	impulse	response	
into	 a	 cyclic	 convolution.	 This	 results	 in	 a	 diagonalised	
channel,	 which	 is	 free	 of	 ISI	 and	 ICI	 interference.	 The	
Cyclic	Prefix	has	two	important	benefits:	

1.	 The	 Cyclic	 Prefix	 ensures	 orthogonality	 between	 the	
sub‐carriers	 by	 keeping	 the	OFDM	 symbol	 periodic	 over	
the	 extended	 symbol	 duration,	 and	 therefore	 avoiding	
Inter‐carrier	Interference	(ICI)[8].	

2.	 The	 Cyclic	 Prefix	 acts	 as	 a	 guard	 space	 between	
successive	OFDM	symbols	and	therefore	prevents	

Inter‐symbol	 Interference	 (ISI),	 as	 long	 as	 the	 length	 of	
the	CP	is	longer	than	the	impulse	response	of	the	channel.	

	

Figure	4:	Cyclic	Prefix	

2.2	BPSK		

BPSK	is	the	simplest	 form	of	phase	shift	keying	(PSK).	 In	
BPSK,	individual	data	bits	are	used	to	control	the	phase	of	
the	 carrie	 [7].	 During	 each	 bit	 interval,	 the	 modulator	
shifts	the	carrier	to	one	of	two	possible	phases,	which	are	
180	 degrees	 or	 π	 radians	 apart	 as	 shown	 in	 Fig.5.	 The	
theoretical	equation	 for	bit	error	 rate	 (BER)	with	Binary	
Phase	Shift	Keying	(BPSK)	modulation	scheme	in	Additive	
White	Gaussian	Noise	(AWGN)	channel	will	be	derived.		

	

Figure	5:	In	Binary	phase	sift	keying	a	binary	0	is	00	while	
abinary	1	is	180o	

The	block	diagram	of	BPSK	transmitter‐	receiver	[2]	is	as	
shown	 in	 Fig.2,	 and	 With	 Binary	 Phase	 Shift	 Keying	
(BPSK),	 the	 binary	 digits	 1	 and	 0	maybe	 represented	by	
the	analog	levels	+	 	and	‐	 	respectively	is	as	shown	
in	the	Fig.6	

	

Figure	6:	Block	Diagram	of	BPSK	transmitter‐	receiver	

2.3	QPSK		

QPSK	is	a	multilevel	modulation	techniques,	it	uses	2	bits	
per	symbol	to	represent	each	phase.	Compared	to	BPSK,	it	
is	 more	 spectrally	 efficient	 but	 requires	 more	 complex	
receiver.	

	

Figure	7:	QPSK	Constellation	Diagram	

Figure	 above	 shows	 the	 constellation	 diagram	 for	 QPSK	
with	 Gray	 coding.	 Each	 adjacent	 symbol	 only	 differs	 by	
one	bit.	Sometimes	known	as	quaternary	or	quadriphase	
PSK	or	4‐PSK,	QPSK	uses	four	points	on	the	constellation	
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diagram,	 equispaced	 around	 a	 circle.	 With	 four	 phases,	
QPSK	 can	 encode	 two	 bits	 per	 symbol,	 shown	 in	 the	
diagram	with	Gray	coding	to	minimize	the	BER	‐	twice	the	
rate	of	BPSK.	Figure	below	depicts	the	4	symbols	used	to	
represent	 the	 four	 phases	 in	 QPSK.	 Analysis	 shows	 that	
this	may	be	used	either	to	double	the	data	rate	compared	
to	a	BPSK	system	while	maintaining	the	bandwidth	of	the	
signal	or	to	maintain	the	data‐rate	of	BPSK	but	halve	the	
bandwidth	needed.	

3.	AWGN	CHANNEL	

High	 data	 rate	 communication	 over	 additive	 white	
Gaussian	 noise	 channel	 (AWGN)	 is	 limited	 by	 noise	 .The	
received	signal	in	the	interval	0≤	t≤	T	may	be	expressed	as		

r(t)= 	( )	+	n(t)	

where	n(t)	denotes	the	sample	function	of	additive	white	
Gaussian	 noise(AWGN)	 process	 with	 power‐	 spectral	
density.	

	

Figure	8:	Received	signal	corrupted	by	AWGN	

4.	SIMULATION	RESULTS	

In	 this	 paper	 the	 effect	 of	 SNR	 and	 guard	 intervals	 on	
OFDM	 signals	 are	 simulated	 and	 this	 result	 are	 given	
below:	

First	 of	 all	 the	 random	 signal	 generate	 by	 using	 random	
bit	generator.	Then	the	signal	is	modulated	using	different	
modulation	 techniques	 such	 as	BPSK,	QPSK	 and	16QAM,	
64QAM.	 After	 that	 this	 signal	 is	 passed	 away	 through	
AWGN	 channel.	 The	 signal	 is	 demodulated	 and	 checked	
the	errors.	The	simulation	is	dependent	on	signal	to	noise	
ratio	(SNR).	Here	SNR	used	as	average	symbol‐energy‐to‐
noise	ratio.	Different	values	of	BER	are	obtained	from	the	
simulation	graph	with	respect	to	different	values	of	SNR.	
The	simulations	are	performed	using	sub	carriers	100	and	
bit	rate100bps.	

	

Figure	9:	In	BPSK:	‐	BER	vs.	Channel	SNR	

	

Figure	10:	In	16QAM;	‐	BER	vs.	Channel	SNR	

	

Figure	11:	In	64	QAM;‐BER	vs.	Channel	SNR	

	

Figure	12:	In	QPSK;	‐	BER	vs.	Channel	SNR.	

From	 the	 simulation	 results	 we	 can	 conclude	 that	 BPSK	
transmission	 can	 tolerate	 a	 SNR	 of	 >7‐10	 db	 and	 using	
16QAM,	 64QAM	 the	 transmission	 can	 tolerate	 a	 SNR>28	
dB.	 QPSK	 transmission	 can	 tolerate	 a	 SNR	 of	 >15‐17	 dB	
among	these	modulation	techniques	16	QAM	can	tolerate	
highly	than	BPSK	and	QPSK.	Bit	error	performance	can	be	
calculated	 and	 measured	 approximately	 using	 16QAM	
modulation	techniques.	

5.	BIT	ERROR	RATE	(BER)	

Bit	 error	 means	 the	 no	 of	 bit	 errors	 is	 the	 number	 of	
receiving	 bits	 of	 a	 signal	 data	 over	 a	 communication	
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channel	 that	 has	 been	 changed	 because	 of	 interference,	
noise,	noise	distortion.	The	bit	error	rate	or	bit	error	ratio	
(BER)	 is	 defined	 as	 the	 rate	 at	 which	 errors	 occur	 in	 a	
transmission	system	during	a	studied	time	interval.	

BER	 is	 a	 unit	 less	 quantity,	 often	 expressed	 as	 a	
percentage	or	10	to	the	negative	power.	

BER	=	number	of	errors	/	total	number	of	bits	sent	

6.	SIGNAL	TO	NOISE	RATIO	(SNR)	

SNR	 is	 inversely	 related	 to	BER,	 that	 is	 high	BER	 causes	
low	SNR..	SNR	is	inversely	related	to	BER	that	is	high	BER	
causes	low	SNR.SNR	is	an	indicator	usually	measures	the	
clarity	 of	 the	 signal	 in	 a	 wired/wireless	 transmission	
channel	and	measure	in	decibel	(dB)	.The	SNR	is	the	ratio	
between	the	wanted	signal	and	the	unwanted	background	
noise	

SNR=	 	

7.	CONCLUSION	

According	 to	 the	 simulation,	 we	 can	 get	 the	 following	
conclusions	 that	 in	 OFDM,	 	 	 Inter	 Symbol	 Interference	
(ISI)	 and	 Inter	 Carrier	 Interference	 (ICI)	 are	 dominant	
problems.	 By	 using	 	 	 guard	 period/cyclic	 prefix	 these	
problems	are	solved.	:	BER	is	clearly	low	for	BPSK,	so	this	
is	 the	 best	 modulation	 technique	 for	 data	 transmission	
because	 here	 we	 simulated	 various	 modulation	
techniques	 like	 QPSK,16QAM,64QAM,BPSK	 among	 these	
all	BPSK	is	less	sensitive	to	fading.	In	the	graph	of	BER	vs	
SNR	if	SNR	is	increasing,	BER	is	decreasing.	BER	depends	
on	sub‐carriers	and	symbol	time.	The	minimum	signal	 to	
noise	 ratio	 (SNR)	 required	 for	 BPSK	 is	 7dB,	 12dB	 for	
QPSK	 and	 26dB	 for	 16QAM.	 Similarly	when	we	 increase	
the	guard	length,	bit	error	rate	is	reducing.	

At	 last	 we	 concluded	 that	 for	 the	 complete	 protection	
against	ISI	effects,	that	a	cyclic	prefix	at	least	as	long	as	the	
maximum	 multipath	 delay	 spread	 is	 required.	 Doppler	
spread	 conditions	 it	 is	 possible	 to	 have	 lower	 channel	
estimation	rate	for	improved	output	efficiency.	
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