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| ntroduction

= Because of its high-speed data transmission and effectiveness
In combating the frequency selective fading channel, OFDM
technique iswidely used in wireless communication nowadays.

“ Thebasic principle of OFDM isto split a high-rate
datastream into a number of lower rate stream that are
transmitted smultaneously over a number of subcarriers.

= Orthogonal Frequency Division multiplexing (OFDM) isa
multi-carrier transmission technique, which dividesthe
available spectrum into many subcarriers, each one being
modulated by a low data rate stream.

= OFDM can beviewed as either a modulation techniqueor a
multiplex technique.
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| ntroduction

= The employment of Discrete Fourier Transform to replacethe
banks of sinusoidal generator and the demodulation
significantly reduced the implementation complexity of
OFDM modems.

= |ntersymbol interferenceis eliminated almost completely by
Introducing a guard timein every OFDM symbol.

= |n theguard time, the OFDM symbol iscyclically extended to
avoid intercarrier interference.
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| ntroduction

= The advantages of OFDM
¢ Immunity to delay spread and multipath
( Resistance to frequency selective fading
G Simple equalization
G Efficient bandwidth usage

= The disadvantages of OFDM
G Synchronization
(G Need FFT unitsat transmitter, receiver
(- Sendgitiveto carrier frequency offset
C High peak to average power ratio
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TheHistory of OFDM

= Theidea, which was proposed in mid-1960s, used parallel
data transmission and frequency division multiplexing (FDM)

[1,14].

= |n the 1960s, the OFDM technique was used in several high-

frequency military system
G KINEPLEX [15]
G ANDEFT [16]
G KATHRYN [17]
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TheHistory of OFDM

= In 1971, Wenstein and Ebert applied the Discrete Fourier
Transform (DFT) to parallel data transmission systems as
part of modulation and demodulation process[1,4,18].
G FFT-based OFDM

= |n the 1980s, OFDM was studied for high-speed modems
digital mobile communication, and high-density recording.

C Pilot toneisused to stabilize carrier and frequency control

G Treliscodeisimplemented
COFDM

= |n 1980, Hirosaki suggested an equalization algorithm in
order to suppressboth intersymbol and intercarrier
Inter ference caused by the channel impulse response or
timing and frequency errorg4,19].

= |n 1980. Hirosaki also introduced the DFT-based
implementation of Saltzburg’'s O-QAM OFDM system[4,2@
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TheHistory of OFDM

= |In the 1990s, OFDM was exploited for wideband data communications[1-7]
¢ Mobileradio FM channels
¢ Fix-wirenetwork [7,26]
High-bit-rate Digital Subscriber Line (HDSL)
Asymmetric Digital Subscriber Line (ADSL)
Very-high-speed Digital Subscriber Line (VDSL)
Digital Audio Broadcasting (DAB) [9,21]
Digital Video Broadcasting (DVB)
High-definition television (HDTV) terrestrial broadcasting [10,22]

There exist three mechanisms about the digital terrestrial television
broadcasting system in European (COFDM), North America (8-VSB), and
Japan (BST-OFDM).

Wireless LAN [11-13,23-25]
HIPERLAN2 (European)
|EEE 802.11a (U.S.A)

|EEE 802.11g (U.SA)
(- |EEE 802.16 Broadband Wir eless Access System
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TheHistory of OFDM

= OFDM technigue has been adopted asthe new European
DAB standard, and HDTV standard.

<= A candidate of 4G mobile communication [27]
= OFDM/UWB (802.15.3a)
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OFDM and Multicarrier Transmission

= OFDM isa special case of multicarrier transmission , wherea
single data stream istransmitted over a number of lower rate
subcarrier[1,4].

= Singlecarrier transmission

C The concept of single-carrier isthat each user transmitsand receives
data stream with only one carrier at any time.

= Multicarrier Transmission

G The concept of multi-carrier transmission isthat a user can employ a
number of carrierstotransmit data smultaneously.

NCCU
Wireless Comm. Lab.
10



OFDM and Multicarrier Transmission

= Multicarrier Transmission
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OFDM and Multicarrier Transmission -

= Orthogonality
G Timedomain Freguency domain

I X, (1) x5 (t)dt = 0 N Txl(f)x;(f)dfzo

— 0

G Bandpass signal
Xm(t) = C(HZE( fc + fm)t) _ Re(éZﬂ( fc+fm)t) _ Re( )ﬁm(t) . é'27rfct)
where X (t) =€ istheequivalent lowpasssignal of x,(t)
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‘ OFDM and Multicarrier Transmission

Orthogonal

Orthogonal, n=2

Orthogonal, n=3

Orthogonal, n=1

Non-orthogonal
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OFDM and Multicarrier Transmission

= Multicarrier CDMA
G CDMA + OFDM
G Threetypesof Multicarrier CDMA
Frequency domain spreading
MC-CDMA System
ITThe spreading operation in the frequency domain

IT1t spreadsthe original data streamsusing a given
spreading code, and then modulates a different
subcarrierswith each chip

Time domain spreading
Multi-Carrier DSSCDMA System
Multi-Tone CDMA System
ITThe spreading operation in thetime domain

IT1t spreadsthe serial-to-paralld (/p) converted data
streams using a given spreading code, and then modul atgs
a different subcarrier with each data stream.
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The Applications of OFDM

= High-frequency military system
G KINEPLEX [15]

G ANDEFT [16]

G KATHRYN [17]
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The Applications of OFDM - Fix-wire network

= Fix-wire network [7,26]

G High-bit-rate Digital Subscriber Line (HDSL)
G Asymmetric Digital Subscriber Line (ADSL)

¢ Vey-high-speed Digital Subscriber Line (VDSL)
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The Applications of OFDM - DAB

< Digital Audio Broadcasting (DAB) [9,21]

(- DAB isadigital technology offering consider able advantages over
today's FM radio, both to listeners and broadcasting.

G DAB'sflexibility will also provide a wider choice of programs,
including many not available on FM.

G A single station might offer itslistenersa choice of mono voice
commentarieson threeor four sporting events at the same time, and
then combine the bitstreamsto provide high-quality sound for the
concert which follows.
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The Applications of OFDM - DAB
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The Applications of OFDM - DAB

&= F|C:

G Fagt Information Channel, which carries control and service
Information.

&= MSC
G Main Service Channd, which carriesthe audio and data services.

= Multiplexer

G A device which combines all audio and data services for modulation
and transmission.

= OFDM

G Orthogonal Frequency Division Multiplexing, the modulation
technique which helps avoid multi-path fading in mobile
communications. PCC : Punctured Convolutional Channel Code
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The Applications of OFDM - DAB

& Packet M ux

(- Combines several 'service components' (stock-market
updates, weather forecasts, paging messages, etc.) into a

single data service for transmission.
= Packet Demux

(- Deconstructsthe single service data into separ ate services

upon reception.

20
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The Applications of OFDM - HDTV

= High-definition Television (HDTV) Terrestrial Broadcasting
[10,22]

G Commercial television station isfirst published by England.

G Thereexist three mechanisms about the digital terrestrial television
broadcasting system in European (COFDM), North America (8-VSB),
and Japan (BST-OFDM).

The European introducesthe COFDM modulation schemeinto the system
structure.

American developsthe system based on 8-level vestigial side-band (8-V SB)
modulation scheme.

Japan is zealousto develop the band segmented transmission Orthogonal
Frequency Division Multiplexing (BST-OFDM) system, which natureisbased on
COFDM modulation scheme.

NCCU
Wireless Comm. Lab.
21




The Applications of OFDM - Wireless LANSs

= Wireless LANs[11-13,23-25]

G HIPERLAN2 (European)

G |EEE 802.11a (U.S.A)

G |EEE 802.11g (U.S.A)
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The Applications of OFDM - Wireless LANSsS
HIPERL AN2

= ETSI has developed a new WLAN technology called
Hiper LAN type 2 (Hiper LAN2)[23].

= HiperLANZ2 provides:

(- High and scalable capacity asthe number of usersincreasein the
system

(& Managed bandwidth with predictable performance for each user and
application

(- Robust protocolsthat also optimize the overall throughput of the
available radio resource, making it the most spectrum-efficient WLAN
technology operating at 5 GHz

G A high level of security
G QoS capabilitiesto support virtually any type of service or application
( Ease-of-usethrough a set of auto-configuration tooals.
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The Applications of OFDM - Wireless LANSsS

| EEE 802.11a Standard

= |EEE 802.11a Standard [25]
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The Applications of OFDM - Wireless LANSsS
|EEE 802.11a Standard

= Timing-related parameters
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The Applications of OFDM - Wireless LANSsS
|EEE 802.11a Standard

& Convolutional Encoder
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Figurs 114—Convalutional ancodar (K =7)
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The Applications of OFDM - Wireless LANSsS
|EEE 802.11a Standard

<= Data Interleaving

G Thefirst permutation ensuresthat adjacent coded bits are mapped
onto nonadjacent subcarriers.

( The second ensuresthat adjacent coded bits are mapped alter nately
onto less and mor e significant bits of the constellation and long runs of
low reliability bitsare avoided.

G Let k betheindex of the coded bit beforethefirst permutation, | bethe
Index after thefirst permutation, and j betheindex after the second
per mutation, just prior to modulation mapping.

G Formulai=(Ngps/16) (k mod 16) + floor (k/16), k=0,1, ..., Negps-1
C Theformula of second permutation is
G J=s* floor (i/9)+(1+Nggpg -floor (16* [ /Ngpg)) mod s, 1=0,1, ..., Negps-1

G Where ssmax(Ngps/2,1), Ngpsc 1Sthe number of coded bits per
subcarrier

27 Wireless Comm. Lab.




The Applications of OFDM - Wireless LANSsS

| EEE 802.11a Standard

= |EEE 02.11a OFDM Modulation
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The Applications of OFDM - Wireless LANSsS
|EEE 802.11a Standard

& 80211a subcarrier allocation
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The Applications of OFDM - Wireless LANSsS
|EEE 802.11a Standard

= OFDM PHY frequency channel plan
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Figure 119=0FDM PHY frequency channel plan for the United States
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The Applications of OFDM - Wireless LANSsS
|EEE 802.11a Standard

= Transmit spectrum mask
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Figure 120—Transmit spectrum mask
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The Applications of OFDM - Wireless LANSsS
|EEE 802.11a Standard
= OFDM PHY characteristics
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The Applications of OFDM - Wireless LANSsS
|EEE 802.119g Standard

= | EEE 802.119 [28]

G |EEE 802.11g will usethe same 2.4GHz radio spectrum as current
802.11b equipment, but with the higher datarates, packet structure,
and modulation technology of 802.11a.

¢ |EEE 802.11g standard achievesits 54 Mbps data rate through a
OFDM technique.

¢ |EEE 802.11b and IEEE 802.11g are operated in the same 2.4GHz
frequency band. When their devicesare used in the same area, they
will coexist, sharing the air space between them.
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The Applications of OFDM - Wireless LANSsS
|EEE 802.119g Standard

= Operational modes
(- 802.11b Mode
G OFDM Mode (Support of 6, 12 and 24 Mbit/s data ratesis mandatory )
¢ PBCC-22 and PBCC-33 Modes (Optional)
G CCK-OFDM Modes (Optional)

(Mbit/s)
802.11b 1,2,55, 11 DSSS, CCK, PBCC
OFDM 6,9, 12, 18, 24, 36, 48, 54 OFDM
PBCC-22 and PBCC-33 2,55, 11, 22, 33 DSSS, PBCC
CCK-OFDM 6,9, 12, 18, 24, 36, 48, 54 DSSS, OFDM
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The Applications of OFDM - Wireless LANSsS
| EEE 802.11a/b/g Standards

= Maximum Datarate

G IEEE 802.11a
54 Mbps

For example, an 802.11a networ k, which broadcasts on the 5GHz frequency band,
supports 12 ssimultaneous channel (in North American).

maximum data rate 12* 54=648 M bps.
¢ |EEE 802.11b

11Mbps

For example, a standalone 802.11b networ k supports three non-overlapping
channel (worldwide), each with a peak data rate of 11 Mbps.

maximum data rate 3*11=33 M bps.
¢ IEEE 802.11g

54 Mbps
For example, an 802.11g installation supportsthree channels, each with a peak rate
of 54 Mbps.
maximum data rate 3*54=162 M bps.
G Mixed mode
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The Applications of OFDM - Wireless LANSsS
| EEE 802.11a/b/g Standards

Maximum Theoretical Data Rate Mixed-M ode Data Rate vs. 802.11g Data Rate
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Deploying standards-based Wireless L AN solutions @
December 2002 I ntel white paper Rt
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The Applications of OFDM —|EEE 802.16

= |EEE 802.16 Broadband Wireless Access System [29]

C Broadband Wireless Access (BWA) isaterm referring to a range of
fixed radio systems, used primarily to convey broadband services
between users’ premises and cor e networks.

G Theterm “broadband” isusually taken to mean the capability to
deliver significant bandwidth to each user (in I TU terminology,
greater than around 1.5 Mbps, though many BWA networ ks support
significantly higher datarates).

G A typical BWA network supports connection to many user premises
within a radio coverage ar ea.

C It provides a pool of bandwidth, shared automatically amongst the
users. Demand from different usersis often statistically of low
correlation, allowing the BWA network to deliver significant

(- Therange of applicationsisvery wide and evolving quickly. It includes
voice, data and entertainment services of many kinds.
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The Applications of OFDM —|EEE 802.16

= The | EEE 802.16 standard should providesthe solution to
access systems based on DSL, cable, and eventually fiber
optics.

# The background of technologies and standar ds ar e followed
by a primer on OFDM and its basic advantages and tr ade-offs.
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