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Introduction

EE 409433
Wireless Communication Systems

Mahmoud A. Smadi
| Electrical Engineering Department
Hashemite University

| Course Detalls

Instructor: Mahmoud A. Smadi
Email: smadi@hu.edu.jo

Class Hours:
S, T, Th: 9:00-10:00

Office Hours
Daily: 11:00-12:00
Classroom: 2006
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@commended Textbooks

" Theodore Rappaport, “Wireless
Com Munications: Principles and
Practice” ond edition, Prentice Hall, 2002.

" Gordon Stuber, ‘Principles of Mobile

Communicatiun", 2"d edition, Kluwer
Acadlmic, 2001,

| Grading

z There will be two midterms and one final
exam

m Attendance is important!
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| Outline

» Wireless Link Characteristics
a Radio Propagation
o Short and Long wave properties
a Attenuation & Interference
a Fading and Multi-path Fading
a Transmit power and range
a Bit Error Rate and Models

What is Wireless and
Mobile Communication?
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| Wireless Communication

= Transmitting voice and data using
electromagnetic waves in open space

= Electromagnetic waves
= Travel at speed of light (¢ = 3x108 m/s)
= Has a frequency (f) and wavelength (A)
« c=fxA
» Higher frequency means higher energy photons

= The higher the energy photon the more penetrating is
the radiation

| Electromagnetic Spectrum
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| Wavelength of Some Technologies

=« GSM Phones:
o frequency ~= 900 Mhz
o wavelength ~= 33cm

= PCS Phones

o frequency ~= 1.8 Ghz
2 wavelength ~= 17.5 cm

= Bluetooth:
o frequency ~= 240Gz
u wavelength ~= 12.5cm

| Frequency Carries/Channels

a The information from sender to receiver is carrier
over a well defined frequency band.
= This is called a channel

o Each channel has a fixed frequency bandwidth (in
KHz) and Capacity (bit-rate)

a Different frequency bands (channels) can be used
to transmit information in parallel and
independently.

L0
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| Example

2 Assume a spectrum of 90KHz is allocated over a base
frequency b for communication between stations A and B

3 Assume each channel occupies 30KHz.
a3 There are 3 channels
2 Each channel is simplex (Transmission occurs in one way)
a For full duplex communication:
« Use two different channels (front and reverse channels)
« Use time division in a channel

Channel 1 (b - b+30)
Channel 2 (b+30 - b+60)
Channel 3 (b+60 - b+30)

| Simplex Communication

= Normally, on a channel, a station can
transmit only in one way.
= This is called simplex transmission
= To enable two-way communication (called
full-duplex communication)

» We can use Frequency Division Multiplexing
» We can use Time Division Multiplexing

L
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‘ Duplex Communication - FDD

= FDD: Frequency Division Duplex

Mobile =T Forward Channel Base Station
Tﬁrnr;:llnal Reverse Channel | > B

Forward Channel and Reverse Channel use different frequency
bands

| Duplex Communication - TDD

s TDD: Time Division Duplex

Mobile Base Station
Terminal (M [B[M|[B[M[B -
M m—

A singe frequency channel is used. The channel is divided into time
slots. Mobile station and base station transmits on the time slots
alternately.
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| Example - Frequency Spectrum
Allocation in U.S. Cellular Radio Service

Reverse Channel Forward Channel
991|902 . l1023] 1 | 2 | .. |799 999|992 ... 1023 1 | 2 | ... |799
824840 MHz . 869-894 MHz )
Channel Number Center Frequency (MHz)
Reverse Channel 1<=N <= 799 0.030N + 825.0
991 <= N <= 1023 0.030({N-1023) + 825.0
Forward Channel 1 <=N <= 799 0.030N + 870.0
991 <= N <= 1023 0.030(N-1023) + 870.0

(Channels 800-990 are unused)
Channel bandwidth is 45 MHz

| What is Mobility

= Initially Internet and Telephone Networks is
designed assuming the user terminals are
static
= No change of location during a call/connection

= A user terminals accesses the network always from a
fixed location

» Mobility and portability

a Portability means changing point of attachment to
the network offline

a Mobility means changing point of attachment to
the network online
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| Degrees of Mobility

= Walking Users
= Low speed
= Small roaming area
» Usually uses high-bandwidth/low-latency access

s Vehicles

= High speeds
Large roaming area
Usually uses low-bandwidth/high-latency access

Uses sophisticated terminal equipment (cell phones)

'What is PCS?

s Personal Communication Services

2 A wide variety of network services that includes
wireless access and personal mobility services

a Provided through a small terminal
o Enables communication at any time, at any place,
and in any form.
= The market for such services is tremendously
big
a Think of cell-phone market
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|PCS Systems Classification

n Cordless Telephones
» Cellular Telephony (High-tier)
» Wide Area Wireless Data Systems (High-tier)

.m High Speed Local and Personal Area
Networks

= Paging Messaging Systems
= Satellite Based Mobile Systems
» 3G Systems

| Examples: Cordless Telephones

PSTN
Telephone
Network

Cordless Base unit
Phone
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| Cordless Telephones

= Characterized by
a Low mobility (in terms of range and speed)
a Low power consumption
o Two-way voice communication
a High circuit quality
a Low cost equipment, small form factor and long talk-time
a No handoffs between base units

= Appeared as analog devices
=« Digital devices appeared later with CT2, DECT

standards in Europe and ISM band technologies in
USA

| Cellular Telephony - Architecture

ElCOM Scanned by CamScanner



| Cellular Telephony Systems

» Mobile users and handsets
a Very complex circuitry and design
= Base stations

2 Provides gateway functionality between wireless
and wireline links

a ~1 million dollar
= Mobile switching centers

a Connect cellular system to the terrestrial
telephone network (PSTN)

"

’ World Cellular Subscriber Growth
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| Wireless System Definitions

a Mobile Station (MS)

a A station in the cellular radio service intended for use while
in motion at unspecified locations. They can be either hand-
held personal units (portables) or installed on vehicles
(mobiles)

o Base station (BS)

0 A fixed station in a mobile radio system used for radio
communication with the mobile stations. Base stations are
located at the center or edge of a coverage region. They
consists of radio channels and transmitter and receiver
antennas mounted on top of a tower.

s

| Wireless System Definitions

2 Mobile Switching Center (MSC)

a Switching center which coordinates the routing of calls in a
large service area. In a cellular radio system, the MSC
connections the cellular base stations and the mobiles to
the PSTN (telephone network). It is also called Mobile
Telephone Switching Office (MTSO)

a2 Subscriber

o A user who pays subscription charges for using a mobile
communication system

a Transceiver (Txd)

o A device capable of simultaneously transmitting and
receiving radio signals

L a1
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| Wireless System Definitions

a Control Channel

u Radio channel use
request, call initiation and other

purposes.
a Forward Channel |
. Radio channel used for transmission of information from
the base station to the mobile

o Reverse Channel
4 Radio channel used for transmission of information from

mobile to base station

d for transmission of call setup, call
beacon and control

LA

Wireless System Definitions

a Simplex Systems
o Communication systems which provide only one-way
communication

o Half Duplex Systems

o Communication Systems which allow two-way
communication by using the same radio channel for both
transmission and reception. At any given time, the user can
either transmit or receive information.

a Full Duplex Systems

o Communication systems which allow simultaneous two-way
communication. Transmission and reception is typically on
two different channels (FDD).

Ta
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| Wireless System Definitions

o Handoff

0 The process of transferring a mobile station from one
channel or base station to an other.

a Roamer

2 A mobile station which operates in a service area (market)
other than that from which service has been subscribed.

a Page

o A brief message which is broadcast over the entire service
area, usually in simulcast fashion by many base stations at
the same time.

‘ T

a Major Mobile Radio Standards
USA

Standard Type Year | Multiple Frequency Modulation | Channel
Intrg | Access Band BW

{MHz) (KHz)

AMPS Cellular 1983 | FDMA B24-894 FM 30

usDeC Cellular 1991 | TOMA 824.894 DOPSK 30

CDPD Cellular 1883 | FH/Packel B24-894 GMSK 30

1S-85 Cellular/PCS | 1993 | COMA B24-804 QPSK/BPSK | 1250
1800-2000

FLEX Paging 1993 | Simplex Several 4-FSK 15

DCS-1900 | PCS 1994 | TOMA 18501980 GMSK 200

(GSM)

PACS Cordless/PCS | 1994 | TOMA/FDMA 1850-1890 DOPSK 300
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rMajor Mobile Radio Standards -

Stand
ard | Type Year | Multiple Frequency Modulation | Channel
Intro | AcCess Band BW
(MHz) (KHz)
ETACS Cellular 1985 | FDMA 900 FM 25
NMT-900 | Cellular 1988 | FDMA 890.960 FM 125
GSM CellulaPCS | 1980 | TDMA BE0-980 GMSK 200KHz
C-450 Coliular 1985 | FOMA, 450.465 FM 20-10
ERMES Paging 1993 | FOMA4 Several 4.FSK 25
CT2 Cordlgss 1980 | FOMA, BO4-BE8 GFSK 100
DECT Cordless 1993 | TDMA 1880-1800 GFSK 1728
DCS-1800 | Cordless/PCS | 1993 | TOMA 1710-1880 GMSK 200
i

‘ Cellular Networks

First Generation
Analog Sysiems
Analog Modulation, mostly FiM
AMPS
Vaoice Traffic
FDMASFDD mulliple access
Sacond Generation (2G)
Digltal Syslems
= [Digital Modulation
= Voice Traffic
s TOMAJFDD and COMAJFDD mulliple access
= 2.5G

= Digital Systems
s Voice + Low-datarale Data
= Third Generation
= Digital
= Voice + High-dalarale Data
s Mullimedia Transmission also

Lo ]
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2G Technologies

cdmaOne (1S-85) GSM, DCS-1900 15-54/15-136
PDC
Uplink Frequencles (MHz) | 824.849 (Cellular) 800018 MHz (Eurpe) zlmﬂ"'f- 1000 s
1880-1 1880-1910 (US PCS) apan
AP 1850-1910 (US PCS)
Downlink Frequencies 869594 MHz (US Cellular) | 938-960 (Europa) 869-854 MHz ;ﬂ;c“ﬂm
1930-1990 MHz (US PCS) | 1930.1990 (US PCS) 1930-1990 (U
800 MHE, 1600 MHE
{Japan)
Deplexing FOD FOD FDD
Mulliple Accesa COMA TOMA TOMA
Modulation BPSK with Quadralure GMSK with BT=0.) w4 DOPSH
Spreading
KHz 130 KHz (15-136)
Carrisr Separation 1.25 MHz 200 {26 KHz POC)
70,833 Kbps 40,8 Kbps (15-138)
Channal Data Rate 1.2288 Mchips/anc 2 1 Kbp 42 Kbgn (POC)
Voice Channels par 64 8 2
carrier
Speech Coding CELP at 13Kbps RPE-LTP ai 13 Kbps VSELP al 705 Kbps
EVRC at BKbps

T

| 2.5 Technologies

= Evolution of TDMA Systems

o HSCSD (high-speed circuit switched data) for 2.5G GSM
o Dynamic TOMA Up to 57.6 Kbps data-rate

2 GPRS (general packet radio service) for 2.5G GSM and 1S-

136

o Up to 171.2 Kbps data-rate bul supports more users than HSCSD

o EDGE (enhance data rate for global evolution) for 2.5G
GSM and 1S-136

o Uses 8-PSK Up to 384 Kbps data-rate

= Evolution of COMA Systems

a 1S-95B

o Upto 64 Kbps

Scanned by CamScanner
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| 3G Systems

» Goals

a Voice and Data Transmission
» Simultanous voice and data access

o Multi-megabit Internet access
= Interactive web sessions

o Voice-activated calls

o2 Multimedia Content
= Live music

3G Systems

= Evolution of Systems

= CDMA sysystem evaolved to CDMA2000
« CDMA2000-1xRTT: Upto 307 Kbps
» CDMA2000-1xEV:

« CDMAZ2000-1xEVDO: upto 2.4 Mbps
« CDMA2000-1xEVDV: 144 Kbps datarate

» GSM, I5-136 and PDC evolved to W-CDMA (Wideband
CDMA) (also called UMTS:universal mobile )

= Up to 2.048 Mbps data-rates
« Future systems 8Mbps
« Expected to be fully deployed by 2010-2015
= New spectrum is allocated for these technologies

™
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- -
ﬁ)pgrade Paths for 2G Technologies

Lo

‘ Objectives and Compromises in
Designing Cellular Systems

» Objectives
a Maximize users per MHz
a Maximize users per cell cite
« Base stations are too costly
= Compromises made for these objectives
a High power transmitters at base stations to increase the
range
a High power transmitters for user-sets

u High user-set complexity
o High power consumption due to complex digital signal processing

o High network complexity

TA
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| Features of Cellular Systems

= Low bit-rate speech coding: <= 13 Kb/s

= Increases the number of users per MHz and cell-site
= Decreases the voice quality

B fSﬂm& systems (like CDMA) make use of speech
Inactivity

m High Transmission Delay
= 200 ms round-trip time
m High-complexity DSP (digital signal
processing)
s For speech coding and de-modulation

. |

 Features of Cellular Systems

e Fixed Channel Allocation

» Channel are allocated to cell-sites statically
m Dynamic allocation is complex to work also with
handoffs
w Frequency Division Duplex
= Network and system complexity for providing
synchronization between network elements is relieved
TOD requires synchronized clock at bolh ends
a Mobile handset power control
s Decreases the co-channel interference
o Hence increases the system capacity
m |mplemented in COMA systems
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l 4G Wireless Technologies

4G wireless communications are developed for
high speed broadband mobile capabilities.
Applications:-

a Wireless Broadband Internet ACCESS

a Video Chat

u Mobile Television

a HDTV (High Definition TV)

« DVB (Digital Video Broadcasting)

a High Speed Data Transfer [P

4G Wireless Technologies

Main 4G
s WIMAX (Worldwide Intero

Access)
s 3GPP LTE (3rd Generation Partners

Term Evolution)

perability for Microwave

hip Project Long

Focusing on mobility and broadband
UMB (Ultra Mobile Broadband)
Flash-OFDM (Fast Hopped OFDM)

@2 Icom
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| WIMAX

= Provides up to 75 Mbps data rate

= Uses OFDMA (orthogonal frequency division multiplexing)
= High spectral effciency 3-4 bits/sec/Hz

= Techniques enabling high data rate

-Uses adaptive modulation (higher power is assigned
for weak channels according to waterfilling principle)

-Use of smart antennas for beamforming

-Use of multiple antennas fort it divarai
(MIMO) to ransmit diversity

reduce fading
- Use of Error Correcting codes

ILTE Long Term Luolution

Up Link: OFDM

Down Link: Single carrie OFDM (SC-OFDM) to reduce the high Peak —
to-Average Ratio (PAR) of OFDM that causes problems to amplifiers
due to the non-linearity region

Bandwidth: choice from 2-20 MHz,
Multi —Antennas: Up to 4x4 MIMO (At user and base station)

MIMO: 1- Spatial multiplexing (Increse data rare)(sending different
- data)

2- Transmit diversity (sending dependant data)
3- MIMO Precoding to maximize SINR
Coding: Uses Turbo Codes with interleaving.
Downlink peak data rates (64QANM)
100 Mbps(SISO), 172.8 Mbps (2x2 MIMO) 326.4 Mbps (4x4
MIMO)

Aplink peak data rates (single antenna)
50Mbps (QPSK) 57.6Mbps(16QAM) 86.4Mbps(64QAM)

Scanned by CamScanner



@ The three dimensions for capacity improvement

Other enhancements:

*  MTC
«  2lMTA
rAIRAD e T
e 00 =nSECLEMM R 8T Bandwidth
: el =t 4 uxp:’rll-fﬂlﬂ
38 k L
Te - g
T G;,m_m
——&—-—% - [{al] = Fa
"'::. Gt e Y *
-_.-1-: thlnr_ o, @

L o
/ Hethet.. -
Cell -
densification

| 5G enabling Technologies

Goals:

100 Mbps for mobile users

s 1Gbps for fixed users
using any or combinations of the following three approaches:

« Additional spectrum (bps),
« Increase speclral efficiency (bps/Hz)
« Dense deployments - femto cells ( bps/Hz/Km).

20-60 MHz channel BW

Opportunistic OFDMA (Multiuser diversity)
cognitive radio,

cooperative methods,

distributed MIMO and

Massive MIMO
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15G enabling Technologies

c ive Diversi
MIMO size is limited for portable devices.

- An alternative for the MIMO spatial diversity, cooperation of in-
cell users,

1- One user may use another's user's resources to
improve his transmission rate.

2- A Relay node may be added to assist all users,
- Requires channels knowledge.

. Antenna elements are spalially distributed in the cell

- Each distributed antenna element is connected to BS by fiber
optics or LOS,

. This acts as a large MIMO system.

——Disadvaniage requires channel knowledge

¥

Where is MIMO Headed?

=t

R D e ey e
((Candidate architectures for SG cellilir)

Scanned by CamScanner



‘ Wireless Local Area Networks
(WLAN)

m Are low-power short range devices for providing
private computer communications over @

workplace

WLAN

IEEE 802.11

|
[ DSS8 ] [ Dilluse IR J
| |

) | | | | . | | - | |
L 2Mbps | 1 1 Mbps © 1 Mbps 2Mops.. .| | IEEE802.:11b:
( Sk [ [ 'DBPSK, CDOPSK' ) | Esxtension:
I

- U4GFSK ) [ 2GFSK! .
'E.E_h'ﬂ,hps: 1Ih'.lb'p3 i)
DQPSK--CCK DQPSK:-CCK
BPSK-PBCC) | QPSK-PBCC

Figure 2,10 Orverview ol iha IEEE 802,11 Wireless LA slandasd,
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Table 2.4 |EEE 802.11b Channels for Both DS-SS and FH-SS WLAN Standards

comiy | e | P |

United Stares 2410 24815 GHy I theough 11 2 through 80
ST 2410 24838 Gly I through 11 2 through 80
Japan 2.4 10 2,497 GHe I ihrough 14 2 through 95
France | 2405 1w 24818 GHy 10 hrough 13 18 thromgh &2
Spain 245 W 2835 Gl

i theouzh 11

Renvainder of Lo

dodin 2,0418

| through 13

4 throwgh 73

2lwough K0

‘ Bluetooth and Personal Area

Networks (PAN

LAN

Mousa »,

Access point
-

Flgure 217 Example of & Persahal Area Metwork (PAN] a8 provided by the Blottoolh Slandacd,
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| Bluetooth and Personal Area
Networks (PAN)

I:r?m 'S @ great user appreciation of removing wires from
ous devices (printers, mouse, headphones,..etc).

- Bluetooth operates in the (2400-2483.5 MHz) band.
- Employs frequency Hopping 1600 Hop/sec.
- One or more data packets over each slot.

; E?ch channel has a 1MHz BW and 1 Mbps data
rate

. Uses GFSK modulation

. Due to FH, it can stand very high interference
levels,

Xy
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Sectoring improves S/

prohibded

disiribution,

© 2002 Pearson Education, Inc, Commerclal use,
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Cells are split to add channels
with no new spectrum usage

Figure 3.8 lllustration of cell splitting.

& 2002 Pearson Educatlon, Inc. Commaercial use, distribution, or sala prohiblled.
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Sectoring improves S/

(a) (b)
Figure 3.10 (a) 120" sectoring; (b) 60° sectoring.

i 2002 Pearson Educe
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19-cell reuse example (N=19)

Figure 3.2 Method of locating co-channel cells in a cellular system. In this example, N=18 (i.e., /=3,

j=2). (Adapted from [Oet83] © IEEE.)

@ 2002 Pearson Education, ing, Commaorclal v

ed by CamScanner
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Co-channel cells for 7-cell reuse

Figure 3.5 lliustration of the first tier of co-channel cells for a cluster size of N=7. An approxi-
mation of the exact geometry is shown here, whereas the exact geometry is given in [Lee86].
When the mobile is at the cell boundary (point X), it expenences worst case co-channel interler-
ence on the forward channel. The marked distances between the mobile and different co-channel
cells are based on approximations made for easy analysis.

© 2002 Pearson Education. inc. Commercial use, distribution, of sala prohiblted.
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19-cell reuse example (N=19)

Figure 3.2 Method of locating co-channel i
Fi cells in a cellula
J= 2). (Adapted from [Oet83] © IEEE.) "
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