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Abstract
There are numerous types of broadband wireless air interfaces 
including single carriers, Orthogonal Frequency Division 
Multiplexing (OFDM), Orthogonal frequency division Multiple 
Access (OFDMA). Others are Wideband Code Division Multiple 
Access (WCDMA) a cellular 3G technology and Universal Mobile 
Telecommunications System (UMTS) also cellular 3G. Orthogonal 
Frequency Division Multiplexing (OFDM) has become a popular 
technique for transmission of signals over radio waves. In this 
paper we have discussed about the OFDM and its comparison 
with others.
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I. Introduction
It’s very interesting to know that 3G is just roll out in the developed 
and developing countries and the whole engineering community 
is started to think about the 4G. Engineers from the world started 
to work on 4G. These next generation wireless systems are 
intended for Intelligent Transportation Systems (ITS). Intended 
ITS applications are broadband communications to high-speed 
trains, including real-time video security, video advertising and 
broadband wireless Internet. OFDM is one of those techniques 
which are proposed for this next generation wireless communication 
systems [1].

II. OFDM 
Orthogonal Frequency Division Multiplexing (OFDM) is a method 
that allows transmitting high data rates over extremely hostile 
channels at a comparable low complexity.  It is a technique for 
transmitting large amounts of digital data over a radio wave. The 
technology works by splitting the radio signal into multiple smaller 
sub-signals that are then transmitted simultaneously at different 
frequencies to the receiver. Orthogonal FDM’s (OFDM) spread 
spectrum technique distributes the data over a large number of 
carriers that are spaced apart at precise frequencies. This spacing 
provides the “orthogonality” in this technique which prevents 
the demodulators from seeing frequencies other than their own. 
OFDM is sometimes called multi-carrier or discrete multi-tone 
modulation [2].

A. OFDM Referred to as Discrete Multi-Tone Modulation 
Due to Following Reasons

Instead of a single carrier being modulated, a large number of •	
evenly spaced subcarriers are modulated using some m-ary 
of QAM. 
This is a spread-spectrum technique that increases the •	
efficiency of data communications by increasing data 
throughput because there are more carriers to modulate.
In addition, problems with multi-path signal cancellation •	
and spectral interference are greatly reduced by selectively 
modulating the “clear” carriers or ignoring carriers with high 
bit-rate errors [2].

B. OFDM – A Special Case of FDM
OFDM is based on Frequency Division Multiplexing (FDM) 
which is a technology using multiple frequencies to simultaneously 
transmit multiple signals in parallel.

Modulation- Modulation is the addition of information (or •	
the signal) to an electronic or optical signal carrier.
Multiplexing- More information can be conveyed in a given •	
amount of time by dividing the bandwidth of a signal carrier 
so that more than one modulated signal is sent on the same 
carrier. Known as multiplexing, the carrier is sometimes 
referred to as a channel and each separate signal carried on 
it is called a sub-channel [8].

OFDM= Modulation + Multiplexing
Hence	we	can	say	that	in	OFDM,	the	signal	itself	is	first	split	
into	independent	channels,	then	modulated	by	data	and	finally	re	
multiplexed to create the OFDM carrier.

Fig. 1: The Frequency Spectrum of an OFDM

In OFDM three different types of subcarriers are distinguished:

1. Data Sub-Carriers
Each data subcarrier can carry one or zero bit of information. 
Increasing of data throughput is achieved by using of Phase Shift 
Keying (PSK) or Quadrature Amplitude Modulation (QAM).

2. Pilot Sub-Carriers
The pilot subcarriers provide a reference to minimize frequency 
and phase shift during the transmission.

3. Null Sub-Carriers
The null subcarriers serve as guard band and DC carrier (Centre 
frequency) [5].

C. Why OFDM?
 One of the challenges in wireless systems is the severe Frequency 
Selective Fading (FSF) caused due to the multipath channel 
between the transmitter and the receiver. The signal bandwidth 
in BCW (Broadband Cellular Wireless) systems typically exceeds 
the coherence bandwidth of the multipath channel. Consequently, 
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FSF results and this leads to Inter Symbol Interference (ISI) which 
is usually dealt with by Physical (PHY) layer solutions. OFDM 
which can address the problem in an elegant manner. Also the use 
of	multiple	antennas	to	enhance	spectral	efficiency	and	reliability	
is	certainty	given	the	findings	from	the	latest	research	results	in	this	
area. Hence a transmission technique which is amiable to the use 
of multiple antenna schemes will be crucial in the next generation 
wireless systems. In BCW systems, it is expected that support 
for	multiple	users	with	disparate	traffic	requirements	will	be	a	
necessity i.e. users with low bandwidth requirements will have to 
be served alongside an user with users who have high bandwidth 
requirements. This implies that a Medium Access Control (MAC) 
method	which	can	satisfy	these	disparate	requirements	efficiently	
will	be	necessary	in	BCW	systems.	Spectral	efficiency	is	a	major	
concern and tight frequency reuse is likely to be enforced by 
spectrum regulatory agencies (like FCC in U.S) in many countries. 
Consequently a BCW system should take multi cellular deployment 
with tight frequency reuse into perspective so as to achieve high 
spectral	efficiencies.	Thus	one	can	summarize	the	challenges	of	
BCW systems as follows:

Frequency selective fading leading to ISI.•	
Incorporation of multiple antenna techniques to enhance •	
spectral	efficiency	and	reliability.
Handling multiple users with different service/traffic •	
requirements	efficiently.

Multi cellular deployment with tight frequency reuse is used to 
achieve	high	spectral	efficiency	[9].

D. Advantages and Disadvantages of OFDM
High	spectral	efficiency•	
Resistant to RF interference•	
Low multi-path distortion•	
In typical terrestrial broadcasting scenario there are multi •	
path-channels (i.e. the transmitted signal arrives at the receiver 
using various paths of different length). 
Interference’s within the cell are averaged by using allocation •	
with cyclic permutations.
Enables  orthogonality in the uplink- by synchronizing users •	
in time and frequency, multi path mitigation without using 
Equalizers and training sequences enables Single Frequency 
Network coverage, where  coverage problem exists and gives 
excellent coverage, spatial diversity by using antenna diversity 
at the Base Station and possible at the Subscriber Unit. 
Adaptive modulation- enables adaptive modulation for every •	
user, making the 4G backward compatible with 2.5G and 3G 
wireless mobile systems.
Frequency diversity- offers Frequency diversity by spreading •	
the carriers all over the used spectrum, time diversity by 
optional interleaving of carrier groups in time.
Omni-directional antennas- enables the usage of Indoor Omni •	
Directional antennas for the users. 
The medium access control layer complexity is same as that •	
of TDMA systems
Multiple channels can operate within close frequency levels •	
without impacting the integrity of any of the data transmitted 
in any one channel.
Reduce the amount of crosstalk in signal transmissions.•	
Boost the speed of an Internet connection over a standard •	
telephone line [1].

But Implementation of OFDM Brings Two Drawbacks Namely
Sensitivity to frequency offset and •	
High peak-to-average power ratio [5].•	

E. Applications of OFDM
The OFDM spread-spectrum scheme is used for many broadly 
used applications, including 

Digital TV broadcasting in Australia, Japan and Europe•	
Digital audio broadcasting in Europe•	
Asynchronous Digital Subscriber Line (ADSL) modems •	
Wireless networking worldwide (IEEE 802.11a/g) [2]•	

III. OFDMA

Fig. 2: Basic Diagram of OFDMA

OFDMA	was	developed	to	move	OFDM	technology	from	a	fixed-
access wireless system to a true cellular system with mobility. The 
underlying	technology	is	the	same,	but	more	flexibility	was	defined	
in the operation of the system. In OFDMA, subcarriers are grouped 
into	larger	units,	referred	to	as	sub-channels	(as	shown	in	fig.),	and	
these sub-channels are further grouped into bursts which can be 
allocated to wireless users. Each burst allocation can be changed 
from frame to frame as well as within the modulation order. 
This allows the base station to dynamically adjust the bandwidth 
usage according to the current system requirements. In addition, 
since each user consumes only a portion of the total bandwidth, 
the power of each user can also be modulated according to the 
current system requirements. Quality of service (QoS) is another 
feature that can be adapted for different users depending on their 
specific	application,	such	as	voice,	streaming	video,	or	internet	
access [4].
OFDMA distributes subcarriers among users so all users can 
transmit and receive at the same time within a single channel on 
what are called sub-channels. Sub-carrier group sub-channels 
can be matched to each user to provide the best performance, 
meaning the least problems with fading and interference based 
on the location and propagation characteristics of each user [2]. 
OFDMA allows assigning subset of subcarriers to different users 
(as	shown	in	fig.).	In	this	mode,	the	active	subcarriers	are	divided	
into subset of subcarriers termed as sub channel. 
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A. The Main Purpose of this Sub Channelization 
Support scalability•	
Multiple access•	
Advance antenna array processing capabilities. •	

B. Advantages of OFDMA
OFDMA is a multi-user version of the popular Orthogonal 
Frequency –Division Multiplexing (OFDM) digital modulation 
scheme. Multiple accesses are achieved in OFDMA by assigning 
subsets of subcarriers to individual users. This allows simultaneous 
low data rate transmission from several users. Claimed advantages 
are

OFDMA	can	achieve	a	higher	MIMO	spectral	efficiency	due	•	
to	providing	flatter	frequency	channels	than	a	CDMA	rake	
receiver can.
No cell size breathing as more users connect [10] •	
OFDMA offers more flexibility in system design and •	
scalability	while	keeping	the	same	performance	and	the	fixed	
equipment subcarriers.
OFDMA offers high system gain performance by introducing •	
uplink and downlink sub channelization. This feature is 
referred to as Advanced Modulation and Coding (AMC) is 
aiming at additional diversity gain through adaptive subcarrier 
allocation.
OFDMA is suitable for full mobile applications, while more •	
simple	subcarrier	permutations,	fixed	in	time	for	a	given	sub	
channel	allocation,	are	well	suited	for	fixed,	portable	or	low	
mobility environments.
Potentially better frequency re-use can be done. OFDMA’s •	
more complex subcarrier permutation is aimed at better 
frequency re-use and easier cell planning.
Similar space diversity features are supported for downlink. •	
The OFDMA Space-Time-Code (STC) and AAS are supported 
as options for OFDM in the downlink segment [13].

Table 1: Difference Between OFDM and OFDMA
        OFDM          OFDMA
Used by IEEE 802.16d 
(fixed service)

Used by IEEE 802.16e 
(mobile)

Allows one user on 
channel at given time

Accommodate many 
users on same channel 
at same time

To accommodate 
multiple users OFDM 
must employ TDMA or 
FDMA

Multi user OFDM that 
allows multiple access 
on same channel

Other advantages include
Allows simultaneous low-data-rate transmission from several 1. 
users.
Pulsed carrier can be avoided.2. 
Lower maximum transmission power for low data rate 3. 
users.
Shorter delay and constant delay.4. 
Further improves OFDM robustness to fading and interference 5. 
[10].

Table 2:
       FDM           OFDM
The channel is like 
water flow out of a 
faucet

The signal is like a 
shower

All water comes 
in one big stream 
and cannot be 
subdivided

OFDM shower is made 
up of lot of  little streams

Whole bunch of 
water coming in one 
stream

Same amount of water 
coming from a lot of 
small streams

If thumb is put 
over faucet hole 
the water can be 
stopped

This cant be done in 
case of a shower. Hence 
it is an advantage over 
FDM

         

             

IV. OFDMA Better than OFDM
1. OFDMA offers new key features that can be utilized in mobile 
wireless broadband networks such as WiMAX or 4G systems. 
These features include: 

uplink and downlink sub-channelization•	
potentially better frequency re-use •	
scalability of FFT•	

2. OFDMA also brings reduction of interference for user and 
improved NLOS (None Line of Sight) capabilities that are essential 
in mobile environment.     
3. OFDMA allows the users to transmit only through the sub-
channels that are allocated to them whereas in OFDM, user device 
transmitted over entire frequency band. This utility brings power 
gain over OFDM systems. 
4. OFDMA also offers better frequency re-use and consequently 
the higher throughput is accomplished. This is achieved thanks 
to complex subcarrier permutation and thus cell planning is much 
easier.
5. OFDMA brings scalable OFDMA (SOFDMA). The FFT scales 
its size to the channel bandwidth in order to keep constant carriers 
spacing.	This	brings	higher	spectral	efficiency	in	wide	channels	
and a cost reduction in narrow channels [5].

V. SOFDMA
With	the	advent	of	WiMax	the	term	sOFDMA	and	OFDMA,	flash	
OFDM, have all become buzzwords, and subject to the standard 
process. The saleable or s OFDMA versions can actually shift its 
FFT size based on channel and bandwidth, thus becoming scalable. 
So for example, a user travelling through a cell might receive signal 
through 128 FTT or 512 FFT depending on factors such as channel 
size. It is used because Doppler Shift of a moving body (amongst 
other aspects) affects signal quality if the sub channel spacing is 
not	maintained	at	fixed	size.	OFDMA	multiple	access	is	not	the	
only	specificity	of	OFDMA	PHY.	Another	major	difference	is	the	
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fact that its OFDM transmission is scalable. Although this word 
does not appear in standard OFDMA PHY is said to have scalable 
OFDMA (SOFDMA). The scalability is the change of the FFT size 
and then the number of subcarriers. The supported FFT sizes are 
2048, 1024, 512, 128. FFT size 256(of the OFDM LAYER) is not 
included in the OFDMA layer. Only 1024 and 512 are mandatory 
for	mobile	WiMax	profiles.	The	change	in	number	of	subcarriers,	
for	fixed	subcarrier	spacing,	provides	for	an	adaptive	occupied	
frequency bandwidth and equivalently, an adaptive data rate [11]. 
The good news is that for most practical purposes, the terms 
SOFDMA and OFDMA can be used interchangeably as they are 
so similar. Both support sub channelization as a key technology. 
Flash OFDM is bit different.

VI. FLASH-OFDM
Fast low-latency access with seamless handoff orthogonal 
frequency division multiplexing (Flash-OFDM), also referred to 
as	F-ofdm,	was	based	on	OFDM	and	also	specified	higher	protocol	
layers. It was developed by Flarion, and purchased by Qualcomm 
in January 2006 [12].

A. Recent Developments About Qualcomm and Flarion
The	acquisition	of	flarion	by	qualcomm	is	big	news.	Many	look	at	
it as a stamp approval for OFDM and OFDMA. Qualcomm itself 
is	directly	involved	in	research	into	OFDM.	Although	flarion’s	
specific	iteration	of	OFDMA,	is	very	similar	to	the	other	flavors	
(OFDM, OFDMA, sOFDMA) in which it uses sub channelized 
OFDM (Flarion calls its sub channels as tones), its technology 
has several unique features. The biggest single difference is that 
Flarion has vertically integrated the MAC and PHY layer as well 
as the link and network layers much more closely together than in 
other approaches. One other major difference is that Flarion has 
product	in	the	field.	It	is	Flarion’s	contention	that	spectrum	does	
matter in regards to how its Flash OFDM system was designed. 
In particular it believes tradeoffs are necessary to optimize service 
based on spectrum and application.

B. Advantages of Flarion
Flarion chose to ensure mobile capability from the beginning •	
as well as to optimize throughput for small channel sizes (such 
as 1.25 MHz), particularly in low-frequency spectrum. 
Flarion product line is optimized for frequencies ranging from •	
below	450	MHz	up	to	1.9	GHz	and	2.4	GHz.

C. Disadvantages of Flarion
The	 company	 asserts	 its	 technology	would	work	 fine	 above	
2.5GHz, but it admits that the WiMax sOFDMA and OFDM may 
be better optimized today at 2.5 GHz and above.

VII. CDMA 3G Wireless Technology
CDMA stands for Code Division Multiple Access. It is an access 
technology that operates on Spread Spectrum Technique and 
differentiates various communicators on the basis of codes.

A. Spread Spectrum Technique
is a method that transmits a signal by spreading its bandwidth 
over broad range of frequencies. The bandwidth for the signal is 
greater than the frequency of the original content to be transmitted. 
Successful variation type of CDMA is wideband CDMA that uses 
spread-spectrum technology and special coding scheme [7].

Fig. 3: Basic Components of CDMA

CDMA as basis of 3G technologies (UMTS / HSPA /HSPA+), 
use WCDMA for the frequency division duplex (FDD) mode 
of UMTS, and Time Division CDMA (TDCDMA) for the time 
division duplex (TDD) mode of UMTS. W-CDMA (Wideband 
Code	Division	Multiple	Access)	defines	the	air	interface	access	
of the UMTS network
1. W-CDMA allows all users to transmit at the same time and 
to share the same frequency carrier. Wideband CDMA uses 
spread-spectrum technology and special coding scheme, and has 
two modes: frequency division duplex (FDD) and time division 
duplex	(TDD).	In	the	first	case	two	separate	5-MHz	bands	are	
used for uplink and downlink communications, and in TDD only 
one 5-MHz band is time-shared between uplink and downlink 
communications. FDD is being deployed at this time and is usually 
referred to as W-CDMA. With CDMA and W-CDMA technology 
instead of dividing users up by frequency or time, they are divided 
into	codes,	specific	data	streams	assigned	to	particular	users.	All	
users transmit at the same time and multiple users share the same 
frequency	carrier.	Each	mobile	user	is	uniquely	identified	by	a	
specialized code and frequency [7].

B. OFDMA better than CDMA

1. 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 [4].

2. Use of Advanced Multi-Antenna Signal Processing 
Techniques 

(i). MIMO
The system exploits the fact that the received signal from one 
transmit antenna can be quite different than the received signal 
from a second antenna. This is most common in indoor or dense 
metropolitan	areas	where	there	are	many	reflections	and	multipath	
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between transmitter and receiver. 

(ii). Solution
In this case, a different signal can be transmitted from each antenna 
at the same frequency and still be recovered at the receiver by 
signal processing. 

(iii). Beam Forming
Beam forming, on the other hand, is mostly a transmit technology 
and attempts to form a coherent construction of the multiple 
transmitters at the receiver. This can yield a higher signal-to-noise 
ratio (SNR) at the receiver, and can provide higher bandwidth 
or longer reach for the same transmitted power. Rather than 
exploiting the different air interface responses between antennas, 
beam	forming	modifies	the	signal	to	unify	the	signal.	Therefore,	
beam forming does not reuse frequency in the same way as MIMO. 
Dividing the frequency into separate bands for separate cells .This 
comes from the common practice of dividing wireless cell sites 
into three distinct sectors. It is also possible to combine both 
MIMO and beam forming in some cases, particularly in 4-antenna 
systems. An ideal system would switch between modes depending 
on the characteristics of the deployment [4].

C. OFDM Vs CDMA Comparison
Both	OFDM	and	CDMA	have	significant	benefits	[6].
OFDM Advantages CDMA Advantages

OFDM can combat • 
multipath interference 
with greater robustness 
and less complexity. 
Equalization can be 
undertaken on a carrier by 
carrier basis. 
OFDMA can achieve higher • 
spectral efficiency with 
MIMO than CDMA using a 
RAKE receiver. 
Cell breathing does not • 
occur as additional users 
connect to the base 
station. 
Can be used to provide a • 
single frequency network. 
It is relatively easy to • 
aggregate spectrum. 
It can be scaled according • 
to the requirements 
relatively easily

Not as complicated • 
to implement 
as OFDM based 
systems 
As CDMA has a wide • 
bandwidth, it is 
difficult to equalize 
the overall spectrum 
- significant levels 
of processing would 
be needed for this 
as it consists of a 
continuous signal 
and not discrete 
carriers.
Not as easy to • 
aggregate spectrum 
as for OFDM

VIII. OFDM and OFDMA are the Way to 4G
OFDM and OFDMA allow systems to easily adapt to the available 
spectrum. The stated goals of both the long term evolution of 3GPP 
(LTE) and WiMAX is to support bandwidth allocations from 1.25 
to 20 MHz In addition, the systems can support either time division 
or	frequency	division	multiplexing.	All	of	 this	flexibility	will	
allow service providers to roll out 4G systems in different ways 
for different areas depending on the needs of the markets. As the 
early stages of 4G wireless networking unfold, system developers 
are beginning to consider what solutions might be best suited for 
WiMAX and other OFDMA based equipment. In many respects 
,the same generic considerations  hold for OFDMA that have held 

for earlier wireless applications: high computational performance, 
low	power	consumption,	programming	flexibility,	 integration	
of high-speed peripherals, complete software platforms, and 
comprehensive development tools. DSP (Digital Signal Processor) 
suppliers who are able to bring together all these elements in 
their products will provide the solutions that best enable 4G 
networks. Explosive progression of DSP has made the generation 
and demodulation of ofdma signal possible.  By dividing a given 
amount of spectrum into numerous small subcarriers, OFDMA 
provides a robust signal that requires relatively little power yet 
uses	bandwidth	very	efficiently.	Carriers	will	benefit	from	greater	
flexibility	by	using	OFDMA,	since	in	the	same	spectrum	they	
will be able to offer more channels, including higher-bandwidth 
channels, with more types of services [4].
OFDMA and SC-FDMA

 
Fig. 4: Comparison of OFDMA and SC-FDMA [7]

The high Peak-to-Average Ratio (PAR) associated with OFDM 
led 3GPP to look for a different transmission scheme for the LTE 
uplink. SC-FDMA was chosen because it combines the low PAR 
techniques of single-carrier transmission systems, such as GSM 
and	CDMA,	with	the	multi-path	resistance	and	flexible	frequency	
allocation of OFDMA. The idea behind SC-FDMA is shown on 
Figure, where it can be seen that the M symbols are transmitted 
with M-times shorter interval and each symbol occupies the whole 
single carrier which leaves the PAR rather constant [7].

XII. Conclusion 
Although both do the same thing, they respond differently to the 
interference. The orthogonality allows simultaneous transmission 
on a lot of sub carriers in a tight frequency space without interference 
from each other [3]. OFDM is similar to FDM, but OFDM is much 
more	spectral	efficient	by	spacing	the	sub-channels	much	closer	
together .In fact the required bandwidth is greatly reduced by 
removing guard bands and allowing signals to overlap.                                     
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