Next Gen. Comm.

TUL30

Dr. Prapun Suksompong
prapun@siit.tu.ac.th

Office Hours:

BKD 36017

Monday 14:4016:00
Friday 14:0016:00



mailto:prapun@siit.tu.ac.th

EC @5IIT

Ec =Electronics

andCommunication




In Electrical and Computer Engind
Minor: Mathematics (Probability Theory)

PhDResearchteurelnformation Theory
Modeling and analyzing optimaiiguoins

perspective.
B3rom Cornell University

Highest GPA In the engineering class .
Current Research: Wireless Communicatio

Physical layersmafbile andWiFi systems
Best Teaching Award, 2009, SIIT




Three MainTopics

1. Wireless Communications and Radio Fr8oeemnam
2. Cellular Systems: 1G, 2G, 2.5GGG,
3. Wireless LAN Systeami§ii(802.11a/b/g/n/ac)
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Part 1: WirelessComm.




Wired Communication

- Cupandstringcommunication

- POTS, Ethernet




Wireless communication

- Duncan Wilson's Gipmmunicator

- Mobile phona§jFi
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. The first wireless networks

[Goldsmith, 2005, Section 1.1]

History (1)

were developed in e
Industrial age

. These systems transmitted
Information ovéne-of-sight
distances (later extended by
telescopes) usamgoke
signals, torch signaling, flash
mirrors, signal flares, or
semaphof@gs

STRANGE BREED by Steve Langille

“T CAN'T WALT UNTIL My

Y LANGILLE oW

CELL PHONE IS RECHARGED. "




Semaphore

© Original Artist S V 1 ,
Reproduction rights obtainable from Sl s \ / N\
www. CartoonStock.com Restt  Numbers®

‘I think Lassie is Irying 1o tell us something, ma.’




History (2)

Early communication networks were replaced first by |

telegraph network (invented by Samdelsein 1838)
and later by the telephone. ‘
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Morse code Is digital!
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Relative frequencies of letters in the
Englishlanguage (2)




History (2)

- In1895Marconi demonstrated the first radi
transmission.

- Early radio systems transmnaiti@dgsignals.

- Today most radio systems trahgnat signals
composed of binary digits (bits).

. Packet radiogroup the bits into packets.

- The first network based on packe®a@id ANET, was

developed at the Universitaofail in 1971. &

&

Employed iathernet
Lead tovirelesslocal area networks(WLAN).
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[http://www.britannica.com/EBchecked/taptt585825/3697/Commerciadiyploitecbandef-theradiefrequenecgpectrum]

Radiofrequency spectrum
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FM Radio Stations (in MHz)
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Thailand Freg. Allocations Chart
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Spectrum Allocation

Spectral resource is limited.

Most countries have government agencies responsible for
allocating and controlling the use of the radio spectrum.

Commercial spectral allocation is governed

globally by the International TelecommunlcatlonsIUdbo ,

ITURadiocommunicat®ectorl{U-R) is responsible for radio 4
communication.

In the U.S. by the Federal Communications ConiGigsi
In Thailand by the National Telecommunications Cohiftission

AOnAaaaAocoaAGcGEABaadaAauUuUsdAaAi

replaced by the National Broadeastifigjecommunicatidosimission
(NBTGAORA&aaaA0aABEACAAGRAEGOEY,€0EE

AéXdE
Blocks of spectrum are now commonly assignexptuioaigh

auctionsto the highest bidder.
/




Unlicensed bands

- In addition to spectral auctions, spectrum can be set asideg
specific frequency bands tHat@ite usewith a license
according to a specific sgtopfette rules.

. The purpose of these unlicensed bands is to encourage Iin
and lowcost implementation.

. Many extremely successful wireless systems operate in un
bands, includingyeless LANSs, Bluetooth, and cordless
phones

- Major difficulty: Interference

If many unlicensed devices in the same band are used in clos
proximity, they generate mohiference to each other, which
can make the band unusable.




Unlicensed bands (2)

Unlicensed spectrum is allocated by the governing body wi
given country.

Often countries try to match their frequency allocation for
unlicensed use so that technology developed for that spec
compatible worldwide.

- The following table shows the unlicensed spectrum allocat

the U.S.
ISM Band I (Cordless phones, 1G WLANS) 902-928 MHz
ISM Band II (Bluetooth, 802.11b WLANS) 2.4-2.4835 GHz
ISM Band III (Wireless PBX) 5.725-5.85 GHz
NII Band I (Indoor systems, 802.11a WLANS) 5.15-5.25 GHz
NII Band II (short outdoor and campus applications) | 5.25-5.35 GHz
NII Band III (long outdoor and point-to-point links) | 5.725-5.825 GHz




[Tseviswanaftz005, Section 4.1

Licensed vs. Unlicensed Spectra

Typically nationwide. For experimentgistems and to
Over a periaaf a few years.  aid development of new wirels
From the spectrum regulatory technologies.

agency.

Bandwidth is very expensive. Very cheap to transmit on.

No hard constraints on the pc There is a maximum power
transmitted within the license( constraint over thtire
spectrurout the power is spectrum.

expected to decay rapidly out

Provide immunity from any kir Have to deal with interference
of interference outsid@nef

system itself.
@ v Y
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Parameter Fixed WIMAX Mobile WiMAX HSPA HHE:'ED Wi-Fi
IEEE 802.16- IEEE 802.16e- :
. :. < ) - = ] < ... 3 3 2- <
Standards 2004 2005 JGPP Release 6 3GPP2 IEEE 802.11a/g/n
9-4Mbps in 46Mbps® with ~ 14.4Mbpsusing 3.1Mbps;
3.5MHz with 3:1 - .
Peak down DL-to-UL rafio 3:1 DL- to-UL all 15 codes: Eev. B will 54 Mbpsh shared
link data rate VR _ ratio TDLx, 7.2Mbps with  support usine 802.11a/o:
TDD: 6.1Mbps N 0 codes 4 9Mb & &
with 1:1 32Mbps with 1:1 10 codes ~VIDPS more than
3.3Mbps in TMbps in 1 AMbos ini lm‘r:}hf{,]:is _pea}]{
Peak uplink  3.5MHzusing 3:1 10MHz using 3:1 U.'q” . ESMI; s 1.8Mbos ayer N :?{;f I_l
data rate DL-to-UL ratio.  DL-to-UL ratio;, ]*:tef“ o st P putusing 50=.Lin
6.5Mbps with 1:1  4Mbps using 1:1
3.5MHz and 3.5MHz, TMHz. 20MHz for
7MHz in 3.5GHz 5MHz. 10MHz. BO2.11a/g:
andwi 5N 25N =
Bandwidth 04 10MHzin ~ and 8.75MHz LMHZ 0 0MHz for
5.8GHz band initially 802.11n
. QPSK. 16 QAM. QFSK. 16 QAM. QPSK. QPSK, BPSK. QPSK,
Modulation 64 QAM 64 QAM 16 QAM 8 PSK. 16 QAM,
16 QAM 64 QAM
S TDM/
Multiplexing TDM TDM/OFDMA  TDM/CDMA CS5MA
CDMA
Duplexing  TDD, FDD TDD initially EDD FDD TDD
2.3GHz.2.5GHz. B00/900/1,800/  B0O/A900/
3.5GHz and - .
Frequency 5 8GHz initiallv and 3.5GHz 1,900y 1,800/ 2.4GHz, 5GHz
7 Y inidaly 2,100MHz 1.900MHz
Cover < 100 ft indoors;
mlemt.,e 3=5 miles < 2 miles 1-3 miles 1-3 miles < 1000 ft
(typical)
outdoors
Mobility Not applicable Mid High High Low




Part 2: Cellular Systems




World Market Penetration

IN 2000, PEOPLE
IN THE WORLD OWNED A CELL PHONE...

M AR

BY THE END OF 2009, THAT STATISTIC

GREWTO PEOPLE!

N

4,239,956 PEOPLE
are having a cell
phone conversation

at any givenSECOND
in the world

People in countries
with no running water
are able to keep in
touch with others
thanks to cellular
technology

[http://cellphones.orgy




US Market























































































http://cache.gawkerassets.com/assets/images/17/2010/12/4g-comparison-chart_01.jpg


































